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Outline of LNS
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3. W 20 FEDHAERRD/NAF1F

Highlights of Research in FY2008
SRR ZEHES & R AL E DAL 20 SEFEEDBIFERER D NA T4 R &G LET,

® =M - EBEHRE (F/~T7070+XHREH)
Atomically Controlled Processing (J. Murota and M. Sakuraba)

IV EARA~T m G O EHIE & & v U TIREALD 7o O HAREAITES 2 BER & L THF%EL
e, LT OMRZESEZ, (1) mF v U 7TRERFE F—E 2 7 OmEICs VT, B VD I2k1S
% B 7 T AL EAAMHI O 72 O DRI SiH, AL, B DERRITEME LR DA & Si k- oMfilic
AT L BB LTz, (2) EBOEINEATZ X~ CVD I\ & 2 Kl UG 7' v ZERAE D
BRIZEY, Si 2 X XUy LEEEA~D B JRFE - 7k Lz, (3) RATEEA
Si;Ge,/Si T/ ~T BABETZ ORI BT, EIRER CVD (2 K 2 RImAEA(CHIE & €D E~0
Si,Ge, HETERLHIEN 21TV, SiGe, TV X F I ¥ VHERA~DNFFE F—E 7 &nes Lz,
(4) 7T A=A F 2R F—HEIT K> TERMEE L X > 72 Ge AR A WD Z &Iz &
D, EEESI XXy LT BT RE CH D L ER 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 the research on
atomic-layer doping with high carrier concentration, low-temperature SiH, exposure to suppress B
clustering in thermal CVD is effective to improve electrical activity and to suppress lattice strain in Si. (2)
By lowering process temperature utilizing plasma CVVD without substrate heating, B atomic-layer doping in
Si epitaxial growth. (3) In the research on formation of local-strain introduced Si;.xGe,/Si nanometer-order
heterostructure, by control of thermal nitridation and Si;<Gey film formation using low-temperature
thermal CVD, N atomic-layer doping in Si;«Gey epitaxial growth can be realized. (4) Using the Ge thin
film substrate with strain relaxation enhancement by ion-energy control in plasma CVD, formed by plasma
CVD, nanometer-order thick highly strained Si can be epitaxially grown.

® K% - XF - MAPRE FEKXEL FOZJ XHRED)
Semiconductor Spintronics (H. Ohno, Y. Ohno, and F. Matsukura)

BT OEM & A &) KA Y b =7 ZEMREANOMENT L £ DR 2 HE L THME
D, AT ORRE ST, (1) FREEMEN-EK (Ga, Mn) As FEBIZ IV TERHIING X 2 iz
BRI FIE TOBRETEOLER & T U D BALRHRO BRI R T TR Lz, (2)
GaAs/AlGaAs BEFHFMEIERD A 3/2 O PAs X RIT, &5 — MEEICHW L2 ZH NR
FVZBNEETML, NIR A7 DSk 24T > TH AR A © 2 R ORLFR I 2 EE L 72,
(3) GaAs 7T~V BEFH AT — R LU=V ORRITHE LTz, F7o. RERMER EOm Trtise
B3 FFTE 5 Zn0 B FHFREEIZI W TS BT TH 78 FRDEFER 28I LT,

Our research activities focus on the establishment of the fundamental technologies for future spintronic
devices. The outcomes in the last fiscal year are following. (1) We demonstrated the modulation of
magnetic anisotropy in a (Ga,Mn)As thin film by purely electrical means, e.g., by the application of
electric-fields. (2) We demonstrated phase coherence control of spin-3/2 "As nuclei with multipulse NMR
sequences in a GaAs/AlGaAs quantum well by optically-detected nuclear magnetic resonance (NMR). (3)
We demonstrated the operation of terahertz (THz) GaAs quantum cascade lasers emitting at 3.8 THz. We
also observed intersubband optical transitions in ZnO-based quantum wells for the first time.

@ EFMERE (F/9FT/ N1 AFFEE)
Nano-Molecular Devices (M. Niwano)

D7 V2 =7 AR O BGARERA LB (2 KA T IR OWr i E OB EZ /7=, TORR, 71
R =T LR T AR RS GRER LRI RE R B A 52 TRBY ., £OT AT MMRICX
> TR BT A HIET 5 Z ENTRETH L Z L NbhoT-, F-. FOHIHE S - it
WEEZFH L CHEF T P AZEERLL, ZNUARETEINMET 2 2 L 2=, @8R
AN TEAT 2 - CTHESRL U 72 B FL A2 I D Z LT X 0 | BERAYTRAME ZEL 7- A TR s 2
VBT 2 Z LIk LTz, F7o, ZORPIZT ¥ ZARTTF REMOIALR, VoIV, F T x



VB ZBINT D Z LITlP Lz, @FRAMRIGtiEZ AWT I s R Y7 TO ATP DR
Rl % JEAEFR DOV TN H A M THET D Z LTk Lz,

(D We investigated the dependence of anodization process of an aluminum microwire on its
cross-sectional structure. The anodization process of an aluminum microwire depended strongly on the
aspect ratio of the cross-sectional profile of the aluminum microwire. @Single electron transistors (SETs)
were fabricated by controlling anodization process of the aluminum microwire and we demonstrated that
the SET fabricated by anodization process can operate at room temperature. @Planar bilayer lipid
membranes (BLMs) were formed in microfabricated apertures in Si chips. We have succeeded in preparing
BLMs which are stable enough for repetitive solution exchanges and allow current recordings at the
single-channel level.@We have applied our surface infrared spectroscopic method for in situ real-time
monitoring of ATP synthesis and hydrolysis in mitochondria extracted for rat livers.

O S - EEMEE (MM / FHE IR T LR
Intelligent Nano-Integration System (K.Nakajima and S.Sato)

(1) B F T 2FER E O BEANORIE= = — 1 F 7 /W LV . N-Queen R & RIEIC KA &
—N A CREOEMRZFFIERREICTE D Z L ZHLMNT LI, STERT vy Ve T 7747
BIROFEE 2 VT HERIEF A T X 7 ZADOMTEBIRE LT, (2) MBI sER Bi2212 [EA Y
a7 Y AERIZRWT, HIBENEAEICRIT D Q EAFHE L T CIREMBLANC LB AR S A LI
L7, =a—mMFEEZHWEETHET AVITY XATIE, 7ak— LR EFERENOBRIC
OWNWTHIE Y R 2 b—va rCTaMli L7z, 72— L A L CRERENIBIET 250D,
MOEFT ATV X ARG E TRV 2R L, ATEOR - EMIEEZ R LT,
(3) Wi E w7 — ) 2B OEE R EE(bEZ AR L Lz, M ke sz 58 L
4 ¥y MFFISRES = FO No £REEKIC L OEWEEGEICREI LTz, A MU AT 4 v 7 igii=
2—nEETIX, Ay FOERET v I X T Ty B OEFEE & OEWEEGEIC S LT,

(1) By using high-order synapses for an inverse function delayed neural network, we demonstrated that
an optimal solution for the traveling salesman problem is obtained as a stationary state similar to the
N-Queen problems. Furthermore, we have also proposed a new analysis for nonlinear dynamics, in which a
new concept based on the relationship between a potential and an active region is introduced. (2) We
evaluated the quality factor of a Bi-2212 intrinsic Josephson junction from its resonant activation property,
and found the required condition for observing Rabi oscillation. We studied numerically the computational
power of our neuromorphic quantum computation algorithm as a function of the magnitude of decoherence.
The result shows that the computational power decreases in proportion to decoherence, but the degradation
is smaller than other quantum algorithms. (3) A 4-bit parallel multiplier using a carry look-ahead adder was
demonstrated successfully with Nb integrated circuits to improve the performance of high-speed operation
for the single flux-quantum fast Fourier transform. A 4-bit high-speed up/down counter for the neural
computation using stochastic logic was fabricated and successfully demonstrated.

@i - MRIARZE (BEFARFEBRIFHARSE)

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

1. X7 7 A NZBT D Yo L UL TORFIFRENE DO RE
YA HOEFIREERIEIL, EFHFHRBEICBWTAREMICERERER TH D, AFIESE T,
T b= IR T7 7 ANRNEHNTC, B—F LD L > THERE I —EORIE
IR CHID THEI L7 (Nature Photonics SEI2FF),

2. BT DDOET AT 4 T EBT 34 2ADRHF
BEHHRIBEEICR T 2 @E R REICERT 2008 Pikde 0 R 2 AfE L, BT
R ORNDOEFIEREEFAE L NLIET LB AT 4 7 BB F OB LZEDTNWD, K
FEZ, gW]F2HE LI EERET A2, B TEZIAALLEFAL Dak—L
YARBEEFENICE ST IS T 7 0 WIZHAHT Z LA THIO THZh L7z (Nature 5512
).

1. Investigation of optical nonlinearities at a single-photon level is essential in realizing quantum

info-communication technology. We have succeeded in measuring the optical Kerr nonlinearity at the
single-photon level in a photonic crystal fiber.



2. We are developing a quantum media converter from a single photon to a single electron spin to realize
a quantum repeater, which is expected to extend the transmission distance of quantum info-communication.
We have achieved optical spin state tomography of optically injected electrons in a semiconductor.

ORAB/NEEHE - HAMRE (F/ RAEVAEYHEER)
Nanospin Memory (H.Hasegawa and S.Ikeda)

b FREKEREL (TMR) FEF O @t b, AV AEABMUEEF AL LI, A8 AEY 1
Ty 7 ORFEELED ., LT OMEEF72, (1)CoFeB(001) /Mg0(001) /CoFeB (001) i Sk EC I TVR 55
FITHBVVTERIR 604% (IR 1144%) OHEF S0 MR MBI S 7z, (2) 2o T) TR H#1-4%
WiAEISAL-EE 7 = U HHE TMR 10 CoFeB #liki% Fe-rich (235 Z & TEIALEFAMEH
T&72, (3)0. 14pum—CMOS [FIEE E~D TMR DK T 0 AZFE Lz, 4) Ziutdh A
HEABALREEEIAL TR FFE2HNee Yy VA AFY - Va7 Xy 77 40ny v 7%ED
FEARENEE O Y OBIESERED 70 ST,

We are developing technologies to realize advanced spin memory and logic devices using magnetic
tunnel junctions (MTJs) consisting of ferromagnetic metal electrodes and insulating barriers. In our group,
the following results were obtained: 1) The TMR ratios of 604% at RT and 1144% at 5K (world record)
were realized in MgO-based MTJs. 2) The use of SyF free layer consisting of Fe-rich CoFeB ferromagnetic
layers resulted in low intrinsic critical current density (Jo) without degrading the thermal-stability factor
E/ksT. 3) We developed fabrication process of magnetic tunnel junction (MTJ) on circuits based on 0.14um
node CMOS technology. 4) Operations of the world's first nonvolatile full adder based on logic-in-memory
architecture, standby-power-free compact ternary content-addressable memory, and reconfigurable logic
block employing the spin-transfer torque writing method were verified.

Ot - RAMEE (BIO— K/N\Y FESNEHRHEF)
Ultra-Broadband Signal Processing (T.Otsuji and T.Suemitsu)

REET Z ~ > BRI IR OB & BT 57212, Fb el - Briiad - B2 e U728 L

VT TNV ETT A A - EE S AT AOAIE . TR ORHGRE - 3HlE AT A0
BT DIMFE a2 HEE L T D, AEEIT, H—IC, HEHENREORRLRF v U 7 sk
ERTOEMEL 77 = et e L, v ar BRIz e 2 X Oy v E LI T T 2
(REABIRML) ZHNTCARy 75— MUFET 27/ - AV UFERMER CRIEL, F T oY
AL EWEDOBLINZ IO TP LT, 3 IS, 8K 2 Rou 7' T X8 G2 R L7l B A& IS
L2577~y A —OERIRIRFEZMIAT D & L HIo, KFET2 MW TREKSOREE
DT T~V Hhy a2 9O THIL L7,

The goal of our research is to explore the terahertz frequency range by means of novel electron devices
and systems. Graphene has mass-less carriers and their peculiar characteristics are expected to be useful as
a candidate to realize such systems. Using an epitaxial graphene formed on silicon substrates provided by
Prof. Suemitsu’s group, we have fabricated a backgate transistor and confirm the drain current modulation
by a gate bias voltage. W have also developed a terahertz spectroscopy system using 2D-plasmon-resonant
terahertz-wave emitters based on compound semiconductor heterostructures.

OKBFEEMEE (JO0— KNy KEEEBRTHESE)

Basic Technology for Broadband Communication (K.Mizuno)

ABZEETIE, VPR Ay T A A=V T Y AT AORFEEIT> T D, HUEFEEZITIE,
35GHz H DY AT MZHOWT, BT I Y POLFRICE L TERLIMA, ¥ AT LAFEAMITHER
PEREE IS L CRERMAESZ, £72, TX T OA A=V T UA Z B BT, VK
G OB EHIFIZ RS LT,

In this section the development of passive millimeter wave imaging systems is being carried on. In
2008, millimeter-wave optics for 35 GHz-band imaging system have successfully been studied to obtain

useful data including depth of field for practical systems. A 35 GHz-band 7 x7 imaging array for getting
millimeter wave movie with 2 frames/sec has also been developed.



OIFAMRE (fimT4 v L ABERGTHESE)

Wireless Info Tech (K.Tsubouchi )

5GHz Hy Ak MELm S B R A RF (radio frequency) 7 4 /v& & IRNIARMEST FEIESR DS
HlZ B L. BAW (bulk acoustic wave) T /314 ZADWFFERZEZIT>72, MO-CVD (metalorganic
chemical vapor deposition){£ T L7- & AIN B4 H VT, FBAR (film bulk acoustic
resonator) DFRAE « FHli&Z1T o7z, F72, FBAR BUKDILIRGFFMEMTZ S I 2L —2 3 T X
VAT T,

For realizing radio frequency (RF) filter and oscillator of 5-GHz-band broadband wireless terminal, we
have developed bulk acoustic wave (BAW) device. Film AIN was manufactured using metalorganic

chemical vapor deposition (MO-CVD) method. Using the manufactured AIN, film bulk acoustic
resonator (FBAR) was developed. We have evaluated characteristics of FBAR with computer simulation.

OHILMRE (EARBEHFRAEXS )

Electromagnetic Bioinformation Engineering (K.Ishiyama)

ERTERETBISG T 272 OIC M E R ERREESE OB ZZT LT D, Rk 20 1T 2
D Y OEREACD 72 D (T BB IR O W ERFR A S DS BT 2 Bt 2170 £ OfER.
JREREWZ L THOLN TV D HEROT RS — VIR T EmWEER G OND 2 L %
FBRONCHERE LTz, ZO® TR LTI E TR o FBIFEIFEIC W T TICH BT L
T RGVERE N 28T 5 2 LI2 L0 S 6725 mRELD IR TX 5,

We study about a high accuracy strain sensor for detecting the bio-information. In the year 2008, the
research work about the internal residual stress of the magnetic materials for this sensor was carried out to
obtain the high accuracy. As the result, the experimentally obtained accuracy was one-order higher than the

high accuracy semi-conductor strain gage. By using the technique for controlling the magnetic anisotropy
as we already established in the magnetic field sensor, the accuracy of this sensor will be improved.

O51E - AH - FHRMEAE (EFIFERETFHEIZNF)
Electronic Physics Engineering, Department of Electronic Engineering
(M.Takahashi, M.Tsunoda and S.Saito)

WA N— T ¢ 27 448 (HDD) D ifiFedk i B % 1Tbit/ inch® LB E THE D 2 72 O ITREAHRHT
WIEABR SN D EANEFR T, FREEME b o R VRS O 2 2B UL & mti b, 72 5 NS b
EEELENTH D, AIEIZELT, Mg0 FrrmnU TEOfGREtE 7 m 228 L <EA
THZETR : 2.1Q um’, TMRZALHE @ 210 %& W O RS OREZ R L7z, S H12(001)
T EC A R A O TRIZE D . A > "—Z MR Z bR om o GEsHERK) 2R L=,
%A B L TR RS T = 1L — O REEE 2 R 72 o OWIIRRES & LT, RCotsdt:
L & AR B U T SR R D SRIEMERR Sy & . LR - BAMEE (PEEM) 22 IV TRBIER L. SRmEE
D1 XA & AZHRE SR & & DB A B & LTz,

For high areal density HDD (Hard Disk Drive) over 1 Tbit/inch?, achievement of further low RA product,
high magnetoresistance ratio and stable magnetization of pinned layer in tunnel magnetoresistance devices
are required. Regarding the former requirement, RA product of 2.1 Qum? and TMR ratio of 210 % were
successfully obtained by employing a novel fabrication process to promote a MgO tunnel barrier
crystallization. And inverse TMR effect could be enhanced using epitaxial Cu under layer. Regarding the
latter requirement, ferromagnetic component which has exchange coupling with antiferromagnet was
observed using PEEM technique as a preliminary study on the design for enhancement of exchange
anisotropy. As a result, correlation between exchange filed and domain structure of ferromagnetic layer in
Mn-Ir / Co-Fe bilayers are experimentally clarified.

OO - =FHEPEE (BER-BREIFXEREHIERD )
Electromagnetic Theory, Department of Electrical and Communication Engineering
(M.Yamaguchi and Y.Endo)

BEEWIEZ AT D Fe bI1 & | Ni-Fe Wil St (GHz 47) 7 /34 A~DISH Z2 et L,
LT OmMmAZG, HEMEZAT 5 Fe MBI L T, HEME TIIMEHROHEIRIZB



TR E L AR S AL, Wb AR DB R 2 FBLCTE 5 2 & % Fe ORRLT CTHRGE LT,
ZOEEDRE L ECIEEREZ AT D NigFes, & 7E/LT 7 A Fe-Si-B-Cr TR L7z, Zh
5 DR F & ERIEOMBIROF A D, GHz #CHIIT 2 Mok FARHZIL, 37 um ¥ X0k 7
DUETHDLZ EEH LN L, —F5, Ni-Fe EREICEL T, 27 L —F#EEE2FH L7z
PEILIGRIEIC LD Ni-Fe OF B0 VEBERD Lz, TOME, 408y ZERDPIERICHEAT
T —ETHY, TOMEB N ZIZHARTERLS 2D EERLE,

Ni-Fe thin films and Fe particle assembly have been investigated as seeds of new materials with high
performance in the RF(GHz range) applications. The initial permeability measurements of Fe composite
particles suggests that, with the help of Fe30,4 nanoparticle (10 nm), Fe particles (1 um) is almost free from
the demagnetizing field, resulting in enhancement of Fe permeability up to its intrinsic values. This effect
was exemplified more significantly with the particle composites that include NisoFeso or Fe-Si-B-Cr
particles. According to a calculation of the eddy current in spheres with high permeability, reduction of the
particle size to less than 1 um is essential for further improvement of the high-frequency performance of
particle composites.

As for Ni-Fe films, the damping constant(co) of various thick Ni-Fe films was estimated using a coplanar
waveguide (CPW)-FMR system. It was found that o is almost maintained constant for film thickness in the
range of 10 - 1000 nm. The value of o was 0.012-0.014, which is larger than that of bulk-Ni-Fe.

QLEE L HMIRE (BEFIFEXBMMEFILFERE)
Microelectronics, Department of Electronic Engineering(M.Sahashi and M.Doi)

A T AT 7= (STT) ZEET D~ A 7 v B0 RIRICE T 502177,
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It is important to understand the mechanism of microwave generated by spin transfer torque which
relates to the damping parameter (o) of ferromagnetic material. Experimentally, in this study, a appropriate
electrode structures for the measurement of o were investigated. For the measurement of spin dynamics
generated by spin transfer torque, we designed several masks of coplanar wave guide (CPW) electrode
structure which the high frequency can transmit. The CPW transmission line and attenuation characteristics
are evaluated by S11 parameter of network analyzer. The CPW transmission line is found to show good
noise attenuation characteristics. The signal reflection is relatively small, being below —5 dB. The
magnitude of the reflected signal increases progressively with increasing cross section area. The study on
spin torque oscillation and measurement of a for perpendicular magnetized thin films will be continued by
using the most suitable pattern of electrode for microwave transmission.

OFik (&) - /NEMRE (BEFIXFREREFIENF)
Solid State Electronics, Department of Eletronic Engineering (T.Ito and K.Kotani)
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High-performance TFTs with pseudo-single-crystal silicon has been investigated. The effects of a cap
SiO; at the laser crystallization were investigated. The cap SiO, suppressed the generation of void in silicon
thin film, and the available condition of the lateral crystallization was expanded. By using the cap SiO, thin
film, the surface of the laser-crystallized poly-Si thin film became smooth. The chemical mechanical
polishing (CMP) on laser-crystallized poly-Si thin films was carried out. After CMP with conventional
colloidal silica slurry, the surface of laser-crystallized poly-Si thin films became rougher than that of before
CMP. Carbon segregation in the grain boundary was occurred by the laser crystallization. For the
improvement of this problem, a hydrophilic organic solution was added to conventional slurry. As a
hydrophilic organic solution ethyl alcohol was used, and planarized surface was obtained. The nanograting
MOSFET has been investigated to achieve higher current drivability. The mobility difference between the
nanograting NMOSFET and pMOSFET became slighter, and the area balance of the CMOS circuit could be
improved.

Q= - EFHARE (BFIFER IS AVERIZNE)
Basic Plasma Engineering, Department of Electronic Engineering
(R.Hatakeyama and T.Kaneko)
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Unique optical properties of free-standing single-walled carbon nanotubes (SWNTs) grown by plasma
chemical vapor deposition have been investigated. It was found that the photoluminescence intensity of
SWNTs drastically increases through the morphology transition from completely-isolated to thin-bundled
structure. Optoelectrical measurements have been realized for fullerene (Cgp) and azafullerene (CsgN)
encapsulated SWNTs. The threshold gate voltage to turn on the SWNTs device shifted after the light
irradiation. Based on the investigation of electron donor and acceptor encapsulated SWNTSs, the dopant
combination was found to be a critical factor to decide p-n junction features. The hump current feature can
be observed only when a symmetrical depletion layer is formed between a p-n junction area.

OLH - KFHARE (ER - BEIFEFRARYEIFESEH)
Optical Physics Engineering, Department of Electrical and Communication Engineering
(H.Yamada and Y.Otera)
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The silicon photonic-wire waveguides, with silicon (Si) core and silica (SiO,) cladding, have achieved
light confinement in nanometer size small cross-section waveguides. Therefore, compared with all-silica
devices, a huge reduction in size and power consumption is expected. We attempt to fabricate ultra-small Si
photonic-wire waveguide devices using electron beam lithography and inductively coupled plasma dry
etching techniques. We achieved the fabrication of in-line Bragg gratings with 400 nm cycle and 75 nm air
gap, and the directional couplers with 120 nm gap between waveguides based on 300 x 300 nm
cross-section Si wire waveguides.



OARHRE (RERERMERAR L2 —)
New Industry Creation Hatchery Center (T.Ohmi)
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Current drivability improvement of the p-channel MOS transistor is necessary for the performance
enhancement of the CMOS circuit. However, the p* region of the p-channel MOS transistor has a problem
that the boron is easy to be inactivated by plasma damages. Therefore, the increase of the resistance in the
p" region becomes limit the current drivability of the p-channel MOS transistor. We realize that the
formation of the high-quality silicon dielectric films at low temperature (<400°C). Those films have
approached the electrical characteristics of high temperature thermal silicon dielectric films. The low
resistivity (<10°Qcm?) silicon/silicide contact processes are indispensable to the CMOS circuit fabrications
without plasma damages for the p* region.

OLXHEMEE (CAYEFERAEVILY bO=Y X5EH)
Spin Electronics, Department of Applied Physics (Y.Ando)
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Magnetic tunnel junctions (MTJs) with a half-metallic Co,MnSi Heusler alloy electrode and a
high-quality MgO tunneling barrier have been developed. We have succeeded to observe a very large
tunnel magneto resistance (TMR) ratio of 217% at RT and 753% at 2K. The observed large TMR ratio
results from both half-metallicity of Co,MnSi and coherent tunneling through the crystalline MgO barrier.
In addition, we succeeded to suppress temperature and bias voltage dependence of TMR ratio by inserting a
very thin CoFeB layer into the Co,MnSi/MgO interface.

QJIIFMRE (EEMHMRATEREEZRELEHETM)
Superstructured Thin Film Chemistry, Institute for Matrials Research (M.Kawasaki)
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One of oxide heterointerfaces, MgZnO/ZnO, can provide an interesting arena for investigation of
quantum transport properties with high-mobility two-dimensional electron gas (2DEG). We have realized
to control the 2DEG density by electrostatic field effect with polymer poly(3,4-ethylenedioxythiophene)



poly(styrenesulfonate) (PEDOT:PSS) Schottky contact or MIS structure. In fact, we observed
metal-insulator transition at zero magnetic field and systematic variation of quantum Hall states as a
function of the 2DEG density under applied magnetic field. The improved controllability will lead to higher
performance of transparent field effect transistor.

Co-doped TiO, is one of room temperature ferromagnetic oxide semiconductor. In this study, we
fabricated Co-doped TiO, films on glass substrates by sputtering method. The films exhibited
ferromagnetic MCD and also anomalous Hall effect at room temperature. In addition, we observed the
large enhancement of magneto-optical effect in a simple one-dimensional magnetophotonic crystal
structure.

OFHAMAE (MEET /1 AMPEEREFHHYEZESE)

Materials Quantum Science, Department of Materials Science (J.Nitta)
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We have investigated the spin orbit interaction (SOI) in semiconductor heterostructures. (1) We
demonstrated gate voltage control of spin precession in InGaAs mesoscopic ring arrays with Al,Oz gate
insulator. Al’tshuler-Aronov-Spivak oscillations were clearly observed and the oscillation phases at B = 0
switched between negative and positive by changing the gate bias voltages. It corresponds to the electrical
manifestation of spin rotation due to the Rashba SOI. (2) We proposed a method to determine the relative
strength of Rashba and Dresselhaus spin-orbit interaction from transport measurements without the need of
fitting parameters. In narrow quantum wires which exhibit weak localization even in the presence of
spin-orbit coupling, an in-plane magnetic field can suppress the weak localization effect. We employed the
unique angular dependence of this effect to suggest a method for the direct and experimental determination
of the ratio between Rashba and Dresselhaus spin-orbit strengths from transport measurements.

QiL LHRE (ZAMERERARAA LRI ARIFIEEE R ARSI )
Nanoscale Magnetism and Devices, Institute of Multidisciplinary Rsearch for Advanced
Materials (O.Kitakami)
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The current research subjects in the research group are development of high-K, materials and
investigation of magnetization reversal behavior of nanoscale magnets, aiming to development of ultra-high
density non-volatile magnetic memory. One of the recent topics is study on magnetization reversal
behavior of nanoscale hard magnetic material under a short pulse field. We have developed a
nanoseconds pulse generator with the maximum field of 3 kOe and irreversible magnetization behavior of a
nanoscale Co/Pt multilayer dot was investigated.

OLRHRE (EFEMREMEZFERAYMEYMERRE)
Solid State Photophysics Group, Department of Physics (T.Ishihara)
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In our laboratory, artificial periodic structures (metamaterials and photonic crystals) atvisible and
near-infrared wavelengths have been investigated. Based on the transmission line metamaterials at
microwaves, we designed a visible metamaterial, fabricated it, and evaluated the optical characteristics
and the focusing effect. Besides plasmonic crystals and plasmonic lens were fabricated and measured at
visible wavelengths. We found novel behavior of eigen modes such as pair annihilation, extreme
enhancement of transmission, and plasmonic resonant second harmonic generation.

O/l - HRHARE (ETEMRBMERT/ YA TLIZHESF)
Medical Nanosystem Engineering, Graduate School of Biomedical Engineering
(M.Koyanagi and T.Tanaka)
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The novel SPRAM-based reconfigurable logic block has been proposed, and fabricated through 140nm
CMOS process techonology combined with a MTJ process. This logic block included the SRAM for
LUT and the SPRAM for configuretion data, where both memories were embedded in one chip. The MTJ
element with the area size of 50x200nm2 and CMOS logic circuit were fully integrated. Experimental
results showed that the reconfigurable logic block achieved 25MHz read-out operations with the
magnetic resistance of 1.62kohm (parallel) and the MR ratio of 91.7%.

O FIEMRE (FEE VLSI R 7 LEAKER)
New Paradigm VLSI System (T.Hanyu)

BER N U RNVAEL T S A& MOS b T 2 VR A RIS R ISR AR & LR RE &
ML S TR Py 7 A A VERMRIRZRIE Lz, AEREIEIL, B RYETCE
WT MOS k7 P RZES OVERZIT . MTY 7731 A5 % ALK 8B Sl AE 98 bt e -
/o AV SRR TIER L . R THIO TERMERIKIC K D2 EKIECK LI b D TH D, bk,
ARMFFENIREFIFEZ, M HHEBERITIEE & OILFEFEDO R TH 5,

Our research group has fabricated a nonvolatile logic-in-memory integrated circuit, where a
nonvolatile storage function is merged into a logic-circuit function, using magnetic tunnel junctions
(MTJs) in combination with MOS transistors. It is the first time to succeed the fabrication of this type
of integrated circuit, where the MOS-transistor part is fabricated by Hitachi Co., Ltd. and the MTJ-device
part is fabricated by Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku University. This is the collaboration of Prof. H. Ohno's, Prof. S. Ikeda’s and
our laboratories
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Low Temperature Condensed State Group, Institute for Materials Research (Y.Iwasa)
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Very thin single crystals fabricated by mechanical micro cleavage are materials received a great
interest recently as promising candidates for microelectronics due their unique electronic properties. Our



research is based on the combination of layered materials and electrochemical transistors for the
advantages as large tunable electron density at lower gate voltage. Layered-material EDLTs are
successfully fabricated on the top of SiO,/Si substrates. The thickness of the layered material samples,
single, double or multi-layers, is characterized by Raman scattering and atomic force microscope. The
electronic devices are fabricated by standard photolithography and e-beam lithography method by using
the facilities in Laboratory for Nanoelectronics and Spintronics. By applying ionic liquid as the gating
media, we observed ambipolar characteristics by low gate voltage smaller than 1 VV on graphene EDLT.
As a general method, we can apply it to a broader spectrum of material.

QK - EHEE - BEFEMARE (1121 €22 — HREAKIBR FL—THE)
Storage Technology Group, IT-21 Center (K.Fujimoto ,H.Aoi and T.Shimatsu)
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A cooperative research project between industry, academia and government; Developmentof su
per high-speed mass storage HDD systems started in August 2007 under the collaborations betw
een RIEC including 1T21 storage technology group, major Japanese HDD manufacturers and oth
er laboratories researching related technologies within Tohoku University. Developments of high
density patterned media and high sensitivity sensor are research subjects in this project, and we
fabricated fine dot arrays of Co based alloy filmsand spin accumulation devices and studied fun
damental properties.

OKAHMAEE (BFREFIFHESE)

Solid State Electronics (M.Suemitsu)
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Graphene is expected to be a key material in the next-generation semiconductor devices.The main
challenge for the graphene devices, however, is the lack of cost-effective fabrication method of graphene
with large scale. To solve this point, we have been studying formation of graphene on silicon substrates
(GOS) by use of heteroepitaxy of SiC on Si. As a result, we have succeeded in realization of a GOS
structure for the first time. Thisachievement allows us to form graphene on low-cost, large-scale silicon
wafers, which will lead to graphene-based electronics in the future.

O =ZHEMRE (FEHNFERSERAR L2 —F/ ML AT LHARSEF)

Center for Interdisciplinary Research (T.Endo)
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To develop a novel Spin device technology for the Magnetic Tunneling Junction (MTJ) combined with
the Si-CMOS circuit, we have systematically studied the Spin device technology, the integration process
technology, the circuit design and the measurement.  To realize the ultra high-speed operation of MTJ, we
have proposed the new circuit technique of the Dynamic Feedback MOS Current Mode Logic (DF-MCML)
and the Current Controlled MCML (CC-MCML), which function low power consumption in the GHz
operation. This circuit technique has realized the stable operation even in the presence of threshold voltage
fluctuations by using the feedback technology. We have successfully fabricated the DF-MCML and the
CC-MCML inverter with the 180nm CMOS process, for the first time.
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International Workshop on New Group IV
Semiconductor Nanoelectronics (RIEC Symp.)

(381[E]: 200545H27-28H, 2@ 20065 10H 2-3H,

%3E : 2007411 88-98, Z4E : 2008498 25_275) 3rd Int. Workshop on New Group IV

Semiconductor Nanoelectronics

RIEC Symposium on Spintronics
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International Workshop on Nanostructure & Nanoelectronics
(881[E: 2007411 A 21- 22H)

2nd RIEC Symposium on Spintronics- MgO-based
Magnetic Tunnel Junction- Left: Albert Fert (received
2007 Nobel Prize in Physics); Right: Russel Cowburn
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1. RFREOEERERE. TvFrJ. REVEICET HHE
Atomically-Controlled Growth, Etching and Surface Treatment
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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. TAERIIBITEHREWE ERICOWEE LS ZOHEIZET 5813
Mechanism of Surface Adsorption/Reaction at Surface and Its Control in Semiconductor
Processing
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In order to enhance controllability of semiconductor material processing, mechanism of surface
adsorption/reaction and its control are being studied.

3. 1B/ NNZ— O L BRETMEYHEICET 4R

Ultrafine Pattern Formation and High-Precision Doping Control
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In order to clarify properties of nanometer-order patterned semiconductors, control of ultrafine
pattern formation and high-precision doping control are being investigated.

4. ~NTOBEQRELBHFEERT NS RICEHT HHE
Heterostructure Formation and Its Application to Ultrasmall Semiconductor Devices

WAL T A 2D @R LD T2 DI, ~T v ORUE & R ER T S 22D
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In order to enhance performance of ultrasmall semiconductor devices, heterostructure formation
and its application to ultrasmall semiconductor devices are being investigated.

5, NTORADYELILE
Physics and Chemistry of Heterointerface
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In order to realize nanometer-order heterostructures, physics and chemistry of heterointerfaces
are being studied.
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Semiconductor Spintronics (H. Ohno, Y. Ohno, and F. Matsukura)

1. $EERREY FOZY RIZET EHE
Semiconductor Spintronics
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A new form of semiconductor electronics, semiconductor spintronics, where both charge and spin
degrees of freedom are used, is being studied.

1) WBIEMEEER TS L O O BRSO &S
Properties and Application of 111-V Based Ferromagnetic Semiconductors

B L IV RN — A DA ERNE TR O F# T B 4 % 2 (MBENC X 2 b pkR
L METOEF A NEE LIEBT R ERELNZ D Z LI K DG RE
WEOMFEEAT > TN D,

Study of a new class of semiconductor, 111-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) IR A L LTS ZDBFF
Semiconductor Spin Devices
SRREMES & HER 2 A G ORI LR T A 2D IR IE 21T > T D,
Exploration of novel spintronic semiconductor devices based on ferromagnet/semiconductor
structures is being carried out.

3) FEABETHEPTOA L at — L ADWJE L BT EREM~DIGH
Properties and Application to Quantum Information Technology of Spin Coherence in I11-V
Semiconductor Nanostructures
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WAL FEA~DICH ZHZE L T D,

Study of ultrafast processes, especially spin dynamics of carriers in I1I-V semiconductor
nanostructures is being carried out by femto-second time resolved measurements to the
application for such as ultrafast optical switches and quantum information processing.

2. EFEEICED THZ~EFRNAREDOHE
Population Inversion of Subbands Using Resonant Tunneling Structures and Its
Application to THz Optical Devices
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211> TW5,

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.

3. BEFHIEICET D EFIEBIR O
Quantum Transport Properties of Double Quantum Well Heterostructures
IR - BB T 5 2 RotE MO EFEEHRREH LN T 2720, MBEIZ L 25
sn'E GaAs/(Ga.Al)As 2 L& FH FMEIEDIEA & 2 J& 2 IRoTE D b VT /3L 2D
e, Al 21T T D,
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.

FEREFEEICHTIHE
Growth and Characterization of Semiconductor Quantum Nano Structures

MBE (Z X % -8R EFHIF (1 o) - &80 IRoT)EDOIERLE 2 b O ERF A DOE
FNE L EDICHIZOWTIFEL TV 5,
Formation and properties of one-dimensional (1D) and zero-dimensional (OD) 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.
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quantum well," 29th The International Conference on the Physics of Semiconductors (ICPS), Rio
de Janeiro, Brazil, July 27-August 1, 2008.

12. S. Matsuzaka, Y. Ohno, and H. Ohno, "Doping concentration dependence of spin Hall effect in
n-doped GaAs," 29th The International Conference on the Physics of Semiconductors (ICPS),
Rio de Janeiro, Brazil, July 27-August 1, 2008.

13. H. Ohno, "Ferromagnetic I11-V semiconductors — physics and material science (invited),"
PASPS-V - Fifth International Conference on Physics and Applications of Spin-related
Phenomena in Semiconductors, Foz do Iguacu, PR, Brazil, August 3-6, 2008.

14. D. Chiba, Y. Nshitani, M. Endo, F. Matsukura, M. Sawicki, Y. Nakatani, and H. Ohno, "Recent
advances on electric-field control of ferromagnetic properties in (Ga,Mn)As (invited)," PASPS-V
- Fifth International Conference on Physics and Applications of Spin-related Phenomena in
Semiconductors, Foz do Iguacu, PR, Brazil, August 3-6, 2008.

15. Y. Nishitani, D. Chiba, M. Endo, F. Matsukura, and H. Ohno, "Curie temperature versus hole
concentration of (Ga,Mn)As,” PASPS-V - Fifth International Conference on Physics and
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19.

20.

21,

22.

23.

24.

25.

26.
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28.

29.

30.

Applications of Spin-related Phenomena in Semiconductors, Foz do Iguacu, PR, Brazil, August
3-6, 2008.

M. Endo, D. Chiba, F. Matsukura, and H. Ohno, "The annealing effect on (Ga,Mn)As under the
application of electric field," PASPS-V - Fifth International Conference on Physics and
Applications of Spin-related Phenomena in Semiconductors, Foz do Iguacu, PR, Brazil, August
3-6, 2008.

M. Ono, S. Matsuzaka, Y. Ohno, and H. Ohno, "Gate voltage control of nuclear spin relaxation in
GaAs quantum well," PASPS-V - Fifth International Conference on Physics and Applications of
Spin-related Phenomena in Semiconductors, Foz do Iguacu, PR, Brazil, August 3-6, 2008.

S. Matsuzaka, Y. Ohno, and H. Ohno, "Scanning Kerr microscopy of the spin Hall effect in
n-doped GaAs with various doping concentration," PASPS-V - Fifth International Conference on
Physics and Applications of Spin-related Phenomena in Semiconductors, Foz do Iguacu, PR,
Brazil, August 3-6, 2008.

K. Ohtani, M. Belmoubarik, and H. Ohno, “Intersubband optical transitions in ZnO-based
guantum wells grown by plasma-assisted molecular beam epitaxy"”, The 15th International
Conference on Molecular Beam Epitaxy, The University of British Columbia, Canada, August
3-8, 2008.

H. Ohno, "Electrically driven domain wall in (Ga,Mn)As (invited)," SPIE Optics + Photonics
2008, Nano Science + Engineering, San Diego, U.S.A., August 10-14, 2008.

H. Ohno, "Spintronics: Nanoscience and Nanoelectronics (invited)," Seminar on Magnetic
Semiconductors, Ithaca, U.S.A., August 15, 2008.

H. Ohno, "Current induced magnetic domain wall creep in semiconductors (invited),” The 9th
International Symposium on Foundations of Quantum Mechanics, In the Light of New
Technology (ISQM-TOKYO ’08), Hatoyama, Japan, August 25-28, 2008.

H. Ohno, "Physics and Materials Science of Ferromagnetic I11-V Semiconductors (invited),” 14th
International Symposium on the Physics of Semiconductors and Applications (ISPSA), Jeju,
Korea, August 26-29, 2008.

H. Ohno, "Current-induced magnetization switching for next generation integrated circuits,”
SPINSWITCH Workshop “Spin Momentum Transfer (invited)”, Krakow, Poland, September 3-5,
2008.

K. Ohtani and H. Ohno, "Thermal property of an InAs/AlSb quantum cascade laser,”
International Quantum Cascade Lasers School and Workshop, Monte Verita, Switzerland,
September 14-19, 2008.

Tsung-Tse Lin, Keita Ohtani, and Hideo Ohno, "Temperature dependence of threshold current
density of terahertz QCL: comparison with mid-infrared QCL,” International Quantum Cascade
Lasers School and Workshop, Monte Verita, Switzerland, September 14-19, 2008.

Tsung-Tse Lin, Keita Ohtani, and Hideo Ohno, "Temperature dependence of threshold current
density of terahertz QCL,” 2008 International Conference on Solid State Devices and Materials,
Tsukuba International Congress Center, Japan, September 24-26, 2008.

F. Matsukura, "Magnetic Domain Wall Dynamics in GaMnAs (invited)," 2008 International
Conference on Solid State Devices and Materials, Tsukuba International Congress Center, Japan,
September 24-26, 2008.

Hideo Ohno, "Magnetic Tunnel Junction for Next Generation Integrated Circuits (tutorial),” 4th
Taiwan International Spintronics Conference on Spintronics (TICSpin), Taipei, Taiwan, October
2-4, 2008.

Hideo Ohno and Daichi Chiba, "Electric-field manipulation of magnetization vector toward
electric-field reversal (invited),” CNSI-RIEC Workshop on Nanoelectronics, Spintronics and
Photonics, Santa Barbara, California, USA, October 9-10, 2008.
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43.

44,
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K. Ohtani and H. Ohno, "Quantum well intersubband optical devices based on InAs, GaAs, and
ZnO", CNSI-RIEC Workshop on Nanoelectronics, Spintronics and Photonics, Santa Barbara,
California, USA, October 9-10, 2008.

M. Ono, Y. Kondo, S. Matsuzaka, Y. Ohno and H. Ohno, "Nuclear spin phase control in GaAs
quantum well," CNSI-RIEC Workshop on Nanoelectronics, Spintronics and Photonics, Santa
Barbara, California, USA, October 9-10, 2008.

M. Endo, Y. Nishitani, D. Chiba, F. Matsukura, and H. Ohno, "The annealing effect on
(Ga,Mn)As under electric-fields,” CNSI-RIEC Workshop on Nanoelectronics, Spintronics and
Photonics, Santa Barbara, California, USA, October 9-10, 2008.

Y. Nishitani, D. Chiba, M. Endo, F. Matsukura, and H. Ohno, "Curie temperature modulation in
ferromagnetic semiconductor (Ga,Mn)As," The 1st Student Organizing International
Mini-Conference on Information Electronics Systems, Sendai, Japan, October 16-17, 2008.

M. Endo, D. Chiba, F. Matsukura, and H. Ohno, "Annealing of (Ga,Mn)As under electric-fields,"
The 1st Student Organizing International Mini-Conference on Information Electronics Systems,
Sendai, Japan, October 16-17, 2008.

T. Lin, K. Ohtani, and H. Ohno, "Temperature dependence of threshold current density of 3.8
THz quantum cascade lasers,"” The 1st Student Organizing International Mini-Conference on
Information Electronics Systems, Sendai, Japan, October 16-17, 2008.

M. Ono, S. Matsuzaka, Y. Ohno, and H. Ohno, "Gate voltage dependence of nuclear spin
relaxation time in GaAs quantum well," The 1st Student Organizing International
Mini-Conference on Information Electronics Systems, Sendai, Japan, October 16-17, 2008.

F. Matsukura and H. Ohno, "Magnetic Domain Wall Dynamics in (Ga,Mn)As,” 1st
Rennes-Sendai joint workshop on advanced materials and devices, Rennes, France, October
22-24, 2008.

H. Ohno, "Exploring Ferromagnetism in [1lI-V  Semiconductors (invited)”, 23rd
Nishonomiya-Yukawa Memorial International Workshop, Spin Transport in Condensed Matter
(STCM), Kyoto, Japan, October 27-November 28, 2008.

H. Ohno, "Electrical Manipulation of Magnetization Vector (plenary),” Asian Conference on
nanoscience and Nanotechnology (AsiaNano), Singapore, Singapore, November 3-7, 2008.

Y. Nishitani, D. Chiba, F. Matsukura, and H. Ohno, "AC susceptibility of (Ga,Mn)As probed by
the anomalous Hall effect”, 53rd Annual Conference on Magnetism and Magnetic Materials
(MMM), Austin, Texas, USA, November 10-14, 2008.

H. Ohno and D. Chiba, "Electrical Control of Magnetism and Magnetization (invited),” Magnetic
Single Nano-Object International School and Workshop (M-SNOWO08), Nancy, France,
November 23-28, 2008.

H. Ohno, "Ferromagnetic I1I-V Semiconductors: Electrical Manipulation of Magnetism and
Magnetization (invited),” Twenty years of Spintronics Retrospective and Perspective, Paris,
France, December 8-9, 2008.

Y. Ohno, "Optical detection of nuclear spin coherence in a GaAs/AlGaAs quantum well
(invited),” Tohoku-York Joint Seminar, IMR, Tohoku University, Japan, January 19-20, 2009.

K. Ohtani, "Quantum Cascade Lasers (invited),” 2nd Germany/Japan Workshop "Nanolaser
based Optical Sensing"”, The University of Tokyo, Japan, February 17, 2009.

H. Ohno, "Electric-field manipulation of magnetization vector direction (invited),” 2009 APS
March Meeting, Pittsburgh, Pennsylvania, US, March 16-20, 2009.
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Nano-Molecular Devices (M. Niwano)

1. AMSFTNARAORE - REDT / R —ILAEHT - HlE]

o

6.

1.

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

ARET NA ADFKE « i COBRG AT /) A — /T L, £ OBWERBEZFHT 5
TLIZRY, ERLEHIE L, AT A ZORHEE R ESE L2 ONEETT o T

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

FBRRE A - E R RERRAT

Biodynamic analysis on a semiconductor surface

Si R GaAs FEREM RIZHWT, ML/ AUX<EL DNA 7 EOAERYIE % 7RSI
o O TEREE IR U B RBERE DT 21T > T\ 2,

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

EBRENAA VT - SRTLOWRRFH

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

RO T 22 O THIR T TRk 2 WIS AR E 2 @ B B3 2 72 o D3 A
Ty T e VAT ADBREEITHo> TN D,

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

IEiBER LB Z AN =F/ T/\A ADRFERR
Research and development of fabricating nanodevices using anodization processes

hy FEY T at R GRBGRERE A A GDE D 2 LIk DT ) T AL ADER
(BT D& 1T > T D,

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

BRIEBRKGEHORERE

Research and development of dye-sensitized solar cells

it % O ESAIEFRIFIEIC L DFER LT/ #EOERES T O DI 217> T
W5 FRC BRI X 0 ER L 72 Ti0, 7/ FF = — 7 O A EHIEK RS E L (DSSC) ~Jix
FZOWTHFZE L TV %,

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).

EXLFEBEEFIRMERERS (EC-TEM KT DAFEME
Research and development of in-situ transmission electron microscopy for observation of
electrochemical processes (EC-TEM)

F]

Yasuo Kimura, Tomohisa Oba, Naoko Shimakura, and Michio Niwano, “The thermal-field
emission model for carrier injection characteristics of an organic field effect transistor”, Appl.
Phys. Lett. 94 (2009) 073303.



2. R.Yamaguchi, A. Hirano-lwata, Y. Kimura, K. Miyamoto, H. Miyazaki, H. Isoda, and M. Niwano,

“In situ real-time monitoring of apoptosis on leukemia cells by surface infrared spectroscopy”, J.
Appl. Phys. 105 (2009) 024701.

3. PR, NERRER, BAYE—RE, ATIER, IR, KRS, ERE I, RiEmaR
I3 ek H O T PURPUR S OISR Y« RE AT IC K 2 R - FERFRAE 5D
R, £EAF 29 (2008) 558-563.

4. Ayumi Hirano-Twata, M. Niwano, and M. Sugawara, “The Design of Molecular Sensing
Interfaces with Lipid Bilayer Assemblies”, Trends in Anal. Chem. 27 (2008) 512-520.

5. K. Ishibashi, K. Tanaka, A. Hirano-Iwata, K. Miyamoto, Y. Kimura, and M. Niwano, “In situ
study of DNA Attachment and Hybridization at Silicon Surfaces by IR Absorption Spectroscopy”,
Jpn. J. Appl. Phys. 47 (2008) 3204-3208.

6. A. Hirano, K. Onodera, K. Miyamoto, Y. Kimura, M. Kataoka, Y. Shinohara, and M. Niwano,
“Peptide Immobilization on GaAs Surfaces and the Application to Label-Free Detection of

Antigen-Antibody Interactions Using Multiple Internal Reflection Infrared Spectroscopy”, Sensor
Letters 6 (2008) 613-617.

7. K. Ishibashi, Y. Kimura, and M. Niwano, “An extensively valid and stable method for derivation
of all parameters of a solar cell from a single current voltage characteristic”, J. Appl. Phys. 103
(2008) 094507

8. T. Kadowaki, Y. Yamakawa, H. Nakamura, Y. Kimura, M. Niwano, and F. Masuoka, “A New
Architecture for High-density High-performance SGT NOR Flash Memory”, IEEE Transactions
on Circuits and Systems Il,Express Briefs 55 (2008) 551.

[EER s E]

1. A.Oshima, K. Onodera, A. Hirano-Iwata, K. Aoto, T. Taira, R. Yamaguchi,Y. Kimura, M. Niwano,
“In Situ Monitoring of Phospholipid-bilayer Formation Using Surface Infrared Spectroscopy”,
The IUMRS International Conference in Asia, Nagoya, Japan, Dec.9-13 (2008) KKP-8.

2. H. Sato, Y. Kimura, K. Itaya, M. Niwano, “Electrochemical Microcell for in-situ and Real-Time
TEM Observation of Solid-Liquid Interface Reactions”, The 5th International Symposium on
Surface Science and Nanotechnology, Waseda Univ., Japan, Nov. 9-13 (2008) 10p-p-61.

3. T.Muto, Y. Kimura, and M. Niwano, “The Formation Mechanism of Aluminum Nanodots by
Inhomogeneous Anodization as a Self-Alignment Technique for a Room-Temperature Operating
Single-Electron Transistor”, The 5th International Symposium on Surface Science and
Nanotechnology, Waseda Univ., Japan, Nov. 9-13 (2008) 11p-h-1.

4. N. Shimakura, Y. Kimura, and M. Niwano, “Monte Carlo Simulation of Porous Silicon
Formation”, The 5th International Symposium on Surface Science and Nanotechnology, Waseda
Univ., Japan, Nov. 9-13 (2008) 10p-p.

5. Y. Kondo, R. Yamaguchi, A. Hirano-lwata, K. Miyamoto, Y. Kimura, H. Isoda, H. Miyazaki, and
M. Niwano, “In-situ Monitoring of Cell Activities Using Surface Infrared spectroscopy”, The 5th
International Symposium on Surface Science and Nanotechnology, Waseda Univ., Japan, Nov.
9-13 (2008) 12p-p-109.

6. Y. Kimura, and M. Niwano, “In-Situ Infrared Spectroscopic Study of Electrochemical Etching
Processes at Si Surfaces”, Pacific rim meeting on electrochemical and solid state science, 214th
ECS meeting, Honolulu, USA, Oct. 12-17 (2008) D6-1803.

7. Yasuo Kimura, Takami Muto, Naoko Shimakura, and Michio Niwano, “Inhomogeneous
anodization of aluminum for nanofabrication”, Pacific rim meeting on electrochemical and solid
state science, 214th ECS meeting, Honolulu, USA, Oct. 12-17 (2008) D6-1812.

8. N. Shimakura,, Y. Kimura, and M. Niwano, “In situ observation of electrochemical etching
process using infrared spectroscopy and its Monte Carlo etching simulation”, Pacific rim meeting



10.

11.

12.

13.

14.

15.

on electrochemical and solid state science, 214th ECS meeting, Honolulu, USA, Oct. 12-17
(2008) D6-1813.

R.Yamaguchi, K. Ishibashi, K. Miyamoto, Y. Kimura, and M. Niwano, “In-situ infrared
spectroscopic measurement of DNA molecules in a porous anodic alumina film”, Pacific rim
meeting on electrochemical and solid state science, 214th ECS meeting, Honolulu, USA, Oct.
12-17 (2008) A1-38.

R.Yamaguchi, A. Hirano-lwata, Y. Kimura, K. Miyamoto, H. Miyazaki, H. Isoda, and M. Niwano,
“In-situ monitoring of leukemia cell death by surface infrared spectroscopy”, The 2008
international conference on solid state device and materials, Tsukuba, Japan,Sep.23-26 (2008)
D-9-2.

A. Hirano-lwata, K. Tanaka, Y. Kimura, and M. Niwano, “In-Situ Surface Infrared Study of DNA
Hybridization on Au Island Films Deposited on Si Surfaces”, The 2008 international conference
on solid state device and materials, Tsukuba, Japan,Sep.23-26 (2008) E-5-4.

T.Muto, Y. Kimura, M. Niwano, “Anodization process of aluminum microelectrode for a
single-electron transistor operating at room temperature”, 66th Device Research Conference (The
University of California, Santa Barbara), June.23-25 (2008) III-24.

Y. Kimura, K. Ishibashi, M. Niwano, “Fabrication of titanium oxide nanotubes through
anodization of titanium in a mixture of perchloric acid and ethanol”, The 4th Asian Conference
on Crystal Growth and Crystal Technology(CGCT-4), Sendai, Japan, May 21-24 (2008)
C-24PM-1-6B-2.

Yasuo Kimura, Ken-ichi Ishibashi, and Michio Niwano, “An extensively valid and stable method
for determination of all parameters of a solar cell from a single 1-V characteristic”, 213th ECS
Meeting, Phoenix, USA, May15-22 (2008) B5-326.

H. Sato, Yasuo Kimura, Kingo Itaya, Michio Niwano, In-situ and real-time TEM observation of
the reaction at solid-liquid interface, 213th ECS Meeting, Phoenix, USA, Mayl5-22 (2008)
A3-79.
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Intelligent Nano-Integration System (K.Nakajima and S.Sato)

ERIEZa—FLRY FT—VDEREREZBMEREICET MR

Research for basic architectures of LS| neural networks and theirs learning efficiency
HE£Hb=a2—F Vx> MU —27 Z AW HRERAEE S 27 AOMKIEEZ BT L, £D
FEVERE 2R - fEAT L CHERER EA XD,

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.

WEABEER Y FT—Y ETIVICET SR

Research for inverse function delayed network models

TIT 47 =a—arET N THD ID T NVERNT, MAEHRLEES 27 A& iR
7

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

ZTa—OWMFEEAALEFHERICET SR

Research for neuromorphic quantum computer
Za—aWFEAZFIE LR FEIRT VT Y XAORR L . T OREKETF~DIELK
é o

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

BIZEMET— FERERICET 8%

Research for superconducting phase-mode LSI

B R 2 G AR & 3 2 BB FE BB TR L 728 LW EH RS 27 A 2B+
éo

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.

[(EFefrims]

S. Chun, Y. Hayakawa, and K. Nakajima, Hardware Neural Network for a Visual Inspection
System, IEICE Trans. Fundamentals, vol. E91-A, no. 4, pp. 935-942, April 2008.

J. Sveholm, Y. Hayakawa, and K. Nakajima, Recalling Temporal Sequences of Patterns Using
Neurons with Hysteretic Property, IEICE Trans. Fundamentals, vol. E91-A, no. 4, pp. 943-950,
April 2008.

K. Nakajima and S. Suenaga, Bursting characteristics of a neuron model based on a concept of
potential with active areas, Chaos, American Institute of Physics, vol. 18, p. 023120, May 2008.

Y. Yamada, K. Nakajima, and K. Nakajima, RF impedance of intrinsic Josephson junction in
flux-flow state with a periodic pinning potential, Physica C, vol. 468, pp. 1295-1297, Sep. 2008.

TG, F)IEL, P EER, MIBREY AT LADEODOEFEN— R 2T =2 —F )L
v hU—7 Q%G B IHHREE RS CGEA, vol. J92-A, no. 1, pp. 37-47, Jan. 2009.

[k, 77272 1]
L.

A. Ono, S. Sato, M. Kinjo, and K. Nakajima, Study on the Performance of Neuromorphic
Adiabatic Quantum Computation Algorithms, Proceedings of 2008 International Joint Conference



on Neural Networks, pp.2508-2512, Hong Kong, China, June 2008.

. K. Nakajima, A. Martins, S. Sakuraba, and T. Onomi, Integrated Multiplier for Fast Fourier
Transform System Using Single Flux Quantum Data Processing Circuits, Proceedings of
Superconducting SFQ VLSI workshop(SSV 2008), pp.26-27, Yokohama, Japan, March 2008.

. S. Sakuraba, A. Martins, T. Onomi and K. Nakajima, SFQ Parallel Multiplier, Adder, and
Subtractor, Superconducting SFQ VLSI workshop(SSV 2008), P2-14, Yokohama, Japan, March
2008.

. N. Kitabatake, K. Inomata, S. Sato, M. Kinjo, H. Wang, T. Hatano, and K. Nakajima, Resonant
activation and multi-junction switching characteristics of Bi-2212 intrinsic Josephson junctions,
2008 APS March Meeting, K1.00302, New Orleans, U.S.A., March 2008.

. T. Onomi and K. Nakajima, Implementation of high-speed single flux-quantum up/down counter
for the neural computation using stochastic logic, 2008 Applied Superconductivity Conference,
3EPCO05, Chicago, U.S.A., Aug. 2008.

. T. Sota, Y. Hayakawa, and K. Nakajima, ID model with Higher-Order Connections for Traveling
Salesman Problem, Proceedings of 2008 International Symposium on Nonlinear Theory and its
Applications, pp. 548-551, Budapest, Hungary, Sep. 2008.

. K. Nakajima, Universal analyses of neuron models based-on a concept of potential with active
areas, Proceedings of 2008 International Symposium on Nonlinear Theory and its Applications, pp.
632-635, Budapest, Hungary, Sep. 2008.
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Quantum-Optical Information Technology (K.Edamatsu and H.Kosaka)

AFERVE-EFRHRBERITORRE

Quantum info-communication technology using photons

R FHLN AR S IR i 2 W e & b DV O R B - T IE 2 BT L
TWo, £, KFHOEF7— MEZ B L, HEKEEICBIT 2H—6FL~ LT
DI IERIEIEIC SOV THFZE L TV 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.

EFFROL-ODEFA T4 TEHR

Quantum state transfer for quantum repeaters

B R0l 1230 2 @(E it 2 RIS R T 72 o DR Pk O EH 2 HIF L 72
HoF s BFAC DR AT 4 TEMAEAT O BfET A ZADORFEEIT> TV D.

We investigate quantum media conversion from a photon to an electron spin for quantum
repeaters to extend the transmission distance of quantum info-communication.

FEHKEF Y FEAVEEFRHRRERS

Semiconductor quantum dots for quantum info-communication
BEHRBE~DOICHZ B L, FBEERET Ny oStttk LOE PR E %«
LTS,

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

ESEANEBY|

H—t7 - MBI AN O R [BirE—: e 37, 440-446 (2008)]

FERE AR L OEF b O FR B E— L—F—W% 36, 464-469 (2008)]
HNDEF AL ~OE L — L U RERE NKIES: E{RYEE 43, 489-497 (2008)]
w1k B IRE - RIFMEFBELE TRy N —27 2 EBT 5 F—Hili— [k

Je 5 ERIEETE S 91, 946-951 (2008)]

Observation of optical-fibre Kerr nonlinearity at the single-photon level [N. Matsuda, R. Shimizu,
Y. Mitsumori, H. Kosaka, and K. Edamatsu: Nature Photonics 3, 95-98 (2009)]

Spin state tomography of optically injected electrons in a semiconductor [H. Kosaka, T. Inagaki,
Y. Rikitake, H. Imamura, Y. Mitsumori, and K. Edamatsu: Nature 457, 702-705 (2009)]

Time-resolved photoinduced Kerr rotation in semiconductor microcavity [Y. Mitsumori, N. Kato,
H. Kosaka, K. Edamatsu, N. Yamamoto, K. Akahane: Phys. Stat. Sol. (c) 6, 292-295 (2009)]

Cavity-assisted generation of entangled photons from a V-type three-level system [H. Ajiki, H.
Ishihara, and K. Edamatsu: New J. Phys. 11, 033033/1-9 (2009)]

[EFR = E]
(FHAFaHETE)

1. Coherent transfer of light polarization to electron spins in a semiconductor quantum well [H.

Kosaka: 8th International conference on Physics of Light-Matter Coupling in Nanostructures
(PLMCNS), Tokyo, Japan (2008.4)]



2. Generation of polarization entanglement from type-1l quasi-phase-matched parametric
down-conversion [S. Nagano, A. Syouji, Y. Sugiura, H. Suzuki, R. Shimizu, K. Suizu, and K.
Edamatsu: The 17th International Laser Physics Workshop (LPHYS'08), Trondheim, Norway
(2008.7)]

3. Generation of entangled photons in semiconductors. [K. Edamatsu: International School of
Physics “Enrico Fermi”, Quantum Coherence in Solid State Systems, Varenna, Italy (2008.7)]

(—fhaH )

4. Photoinduced Kerr Rotation in Semiconductor Microcavity [Y. Mitsumori, N. Kato, H. Kosaka, K.
Edamatsu, N. Yamamoto: 8th International conference on Physics of Light-Matter Coupling in
Nanostructures (PLMCNS8), Tokyo, Japan (2008.4)]

5. Excitonic Rabi Oscillations in a Single Quantum Dot Observed by a Heterodyne Pump-probe
Technique [Y. Miyahara, Y. Mitsumori, H. Kosaka and K. Edamatsu: 8th International conference
on Physics of Light-Matter Coupling in Nanostructures (PLMCNS8), Tokyo, Japan (2008.4)]

6. Coherent transfer of light polarization to electron spins in a semiconductor -toward quantum
media conversion [H. Kosaka, H. Shigyou, Y. Mitsumori, Y. Rikitake, H. Imamura, T. Kutsuwa,
K. Edamatsu: Conference on Lasers and Electro-Optics and the Quantum Electronics and Laser
Science Conference (CLEO/QELS 2008), San Jose, U.S.A. (2008.5)]

7. Temperature dependence of blue light-induced near-infrared absorption of ferroelectric crystals [S.
Nagano, R. Shimizu, A. Syouji, K. Suizu, and K. Edamatsu: Conference on Lasers and
Electro-Optics and the Quantum Electronics and Laser Science Conference (CLEO/QELS 2008),
San Jose, U.S.A. (2008.5)]

8. Observation of excitonic Rabi oscillations in a single quantum dot using a heterodyne pump-probe
technique [Y. Miyahara, Y. Mitsumori, H. Kosaka, K. Edamatsu: The 8th International
Conference on Excitonic Processes in Condensed Matter (EXCON'08), Kyoto, Japan (2008.6)]

9. Time-resolved photoinduced Kerr rotation in semiconductor microcavity [Y. Mitsumori, N. Kato,
H. Kosaka, K. Edamatsu: The 8th International Conference on Excitonic Processes in Condensed
Matter (EXCON'08), Kyoto, Japan (2008.6)]
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Development of advanced spin memory devices and logic devices using magnetic tunnel junctions
consisting of ferromagnetic metal electrodes and insulating barriers.
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We are developing a novel frequency-tunable plasmon-resonant microelectronic device
operating in the millimeter-wave and terahertz regions with functionalities of coherent, tunable
signal generation and ultra-broadband signal processing. We are also pursuing graphene-based
new materials and original device structures for ultrafast transistors as well as terahertz lasers to
break through the limit on conventional transistor speed and lasing frequency.
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Basic Technology for Broadband Communication (K.Mizuno)

1. SYRSICETE/ Ay D TFBARERVZOICAICET 5HE - K
Devices and applications for passive millimeter wave imaging are being studied.
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@ IR - PERARE (KmT A4 VL RBERTHARSE)
Wireless Info Tech (K.Tsubouchi)

1. EHEEGEEA FBAR 74 L2 BXURIRBOHAE
Development of FBAR filter and oscillator for broadband wireless communication

5GHz i MEHE LAN SR RF 7 ¢ L& L38HRER%, FBAR CTHEBTLHZ LA HEL
T 5. MOCVD {EIZ X 2D AIN AIREAN OMESL 24T > TV 5.

We have investigated implementation of RF frontendFBAR filter and oscillator for broadband
mobile terminal. AIN film has been developed using MOCVD equipment.
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® HLHARE (£HERFBRHARSEH)

Electromagnetic Bioinformation Engineering (K.Ishiyama)

1. EERERS T YICET IHME
Study on sensitive magnetic sensors

D TRV TR A G CE 28 o 2B L, MMEEEA B OEG M & & P&
EOBIR, 72 b o ORFRZREREVEZ R L7272 2SI DWW TRt 217> T
W3,

We proposed a very high sensitive magnetic field sensor. The relation between the magnetic
anisotropy of the magnetic thin films and the sensitivity of the sensors, and new applications
using the unique function of the sensors are investigated.
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@ =15 - AH - FHMRE (BEFIZFERETFYVEIZSE)
Electronic Physics Engineering, Department of Electronic Engineering
(M.Takahashi, M.Tsunoda and S.Saito)

1. EMHEESEREEOEREREY PSR T7—RICET IR
Highly qualified CPP-MR Spin Valves with high MR ratio and its Spin Transfer effect

PRSI b o R NG AR CPP-GMR FE - DIEIEGUE, & MR 2RO FEHR O
DOFHMEIBARE L, TOAEAMBZEIZOWTHAEL TN 5.

New material development and physics of magneto-transport properties for nano-fabricated
tunnel-magneto-resistance (TMR) elements and CPP-GMR Spin Valves with low RA and high
MR ratio are investigated.

2. Mn-Ir/Co-Fe BREBIRFEIZH 1T 5 TILERE A LD RIFHIE DR

Investigation of the exchange anisotropy induced between Mn-Ir / Co-Fe interface

SRR BT IEDRIE TH D Mn OIEMIE A 2 DRHMEBRSET— A FORE S %,
Tl St 2 V72 XMCD Fi%70 B ONT PEEM FHEAIZ & o THRIT L, AZHARE & =L — ()
DR DRI LR BGEHREHS OV THE L T S,

By X-ray Magnetic Circular Dichroism (XMCD) and/or Photo Electron Emission Microscope
(PPEM) technique using synchrotron radiation, the magnetic behaviors and the magnetic
moment of uncompensated Mn spins at the Mn-Ir / Co-Fe interface, which is considered to be
the origin for exchange anisotropy, have been investigated. Based on such results, the material
development for increase in Ji has been studied.
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@ WO - EHMRE (BR - EEIFENEHERSTF)
Electromagnetic Theory, Department of Electrical and Communication
Engineering (M.Yamaguchi and Y.Endo)

1. RF ERILHMEBESA 40 2 ICET MK
Ferromagnetic RF Integrated Inductor

GHz 1 Tz 2 A3 D WA B OB & 2 DR A v & 7 Z ~DIEHIZ DWW
THFZEL TV %,

Development of soft magnetic thin films having high permeability in GHz frequency range, and
their application to ferromagnetic RF integrated inductor are being studied.

2. Nur—=2 - FYTUNLERILEBH / 4 XIFIEMIZET MK
Package/Chip Level Integrated Electromagnetic Noise Suppression Techonology

SRIEMESRIGIC X 0 RIS GHz 5 T 2 e i s Bt o B S & 2 ORI L ERS /
A AR ~OIEH Z MY EMC Hhiie & i s i I W ORI 23 E & A R S
TRV r—3 « F oy T LLD ) A ZRREANT ORIA %23~ WFFE % B L T
WD,

Development of selectively lossy magnetic thin films in GHz frequency range, and their
application to integrated electromagnetic noise suppressor are being studied. This work leads to
creation of package/chip level EMC cooperative general design technology.

3. MWSRMEEINEMERIC K DMNEEROESIERICET 2R
Study on Magnetization Reversal Process in a Single Nano-sized Magnet Using
Magnetic Field Sweeping (MFS)-Magnetic Force Microscopy (MFM)

P INBEMEAR DRGSR 25 8) 2 54 C & 2 BBl O WA LRI ETE T b 2 a5 FIRRG R ) BAEE 2
B L. iz W TRUMEN: Ry b oMU MM OB E BB AR IZ DWW TIFZE L T
WD,

A new magnetization measurement method, magnetic field sweeping (MFS)
-magnetic force microscopy (MFM) which use a MFM tip as a detector while the
magnetic field is swept, have been proposed, and the details of the magnetization
reversal process of Ni-Fe nanowires and dots are being studied using MFS-MFM.
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QLR - LHWRE (BFIFEWBRHMEFIFHEE)
Microelectronics, Department of Electronic Engineering
(M.Sahashi and M.Doi)

1. REV RS VYR IZ7—FILIIZE B4 7 OEHRRICET 2HE
Study on microwave oscillation induced by spin transfer torque

A b T AT 7 — v (STT) ICERT L~ A 7 0 IO RBIRICEA$ 2098 21T -
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== F )AL AN T a EEEER L, ZOF ) REEFREERRAO STT
~A 7 aFEORREMRTIIL O THERE L T\ 5,

The microwave oscillation induced by the spin transfer torque has been already reported on
fabricating a mono-pillar or a point contact of magnetic multilayers. We propose to apply the
original nano-confined structure formed by self-assembling nano-oxide layer. The peculiar STT
microwave oscillation was observed by the application of this self-assembling nano-confined
structure.
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@ Fik (&) - MATIRE (BFIFEREREFIFHE)
Solid State Electronics,Department of Eletronic Engineering
(T.Ito and K.Kotani)

EHRL—IC& D) 2 EEGERIEESMERE TFT ICEAT 2H%
ngh Performance Thin Film Transistor (TFT) by CW laser recrystallization
CW L—HIZE BT a #EED 1 RITTIRZ LA VTR ZITWD, ZhIC X 0 dE s 5 o
2B DEtEReb 217> 72,
High-performance TFTs with one-dimensional long and narrow grains was investigated. Low

temperature recrystallization of amorphous silicon (a-Si) thin films using continuous-wave (CW)
green laser was carried out, and one-dimensional lateral large grain was obtained.

2. L—HYHE&RIED ) 2 EEOILFMEMMTIRIEDME
Chemical Mechanical Planarization of laser recrystallized Si thin films

L— Yl ST EIBEIIEREICRE MM AE D7), 2 E T 5720 Db 7RI
PREO A EIE(CMP) DA ZE 2 6D 7=,

The chemical mechanical polishing (CMP) on laser-crystallized poly-Si thin films was carried out.
After CMP with conventional colloidal silica slurry, the surface of laser-crystallized poly-Si thin
films became rougher than that of before CMP. For the improvement of this problem, a
hydrophilic organic solution was added to conventional slurry, and planarized surface was
obtained.

3. F/ T L—T 4 U TERZERAL MOSFET & TFT St aEiL DR
High-performance Metal-Oxide—Semiconductor Field-Effect Transistors and Thin Film
Transistors using Nanograting Substrates

BRI HERE U 72 FRA0 L Si oD St a2 S102 G L 7= Bl sl A db b 2470, S102
B ARIRE & FEp i 2 FH U Ol b A2 o L7z 2 RocBLmfilE Si 4 v F 7 L—
TAYTTXYRNEREL T DA ZIILY, FERETBEIE Z00OMEE TFT &k LT
42%n) L5 Z LITEEI LT,

The MOSFETs and TFTs with the nano-scale grating in channel region were investigated. The
nanograting TFT showed 42 % improvement in current drivability compared to the conventional
one with same device occupation area.

4, BFERERD L —ERESRIEDHAE
Low-Temperature Recrystallization of Ferroelectric thin films

TFT-FeRAM #A1ED 722, 38FH BN ER IR SR L O Z 1T > 72, fhaaibizid CW
L—Hz v, L=k I/ VG Z 105 - 101 oM THEIL, Zhicky
fidh 7 LA YA XL BEOHIEHN WRE & 7o Tz,

The low-temperature recrystallization of ferroelectric thin films using CW green laser was
investigated. The size and density of crystal grains were able to be controlled by the laser power
and the laser exposure time. The laser exposure time was controlled from 107 to 10™* second.

5 TFT SAKEBROI-ODAIRERESA VFVIGREET) VJICET MR
Highly-Accurate Modeling of Inductors on Glass Substrate for TFT RF circuits.
TFT %%?&E%@t 2, HIT AR TR LA v H 7 2 DET VT EITV, £
BT B —FT MLV RZE BB LN TEREICET /METE L Z 2L L.
Modeling of Inductors on Glass Substrate for TFT RF circuits was investigated. By use of
multi-ladder model, inductor was modeled accurately with an accuracy of 5%.
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@ Ell- EFHRE (BFIFERTSATERIESE)
Basic Plasma Engineering, Department of Electronic Engineering
(R.Hatakeyama and T.Kaneko)

1. TSR+ TOCRICEDERBH—ARUF/ Fa—THRAICET HHE
Formation of single-walled carbon nanotubes with a plasma-nano processing

JEi 7T X~ CVD I & DI RE R HE 0 — R T ) F 22— T Ok & 2 DY
PR, & ORI OMINIZE T 258 21T > TV 5.

Formation of freestanding individual single-walled carbon nanotubes with diffusion-plasma
CVD has been performed. Their optical characteristics and growth mechanism are also being
investigated.

2. TSRARAFVEBEERICEDAD—FKRoF/ Fa—TRHRETH pnEEHKICET 2HE
Formation of p-n junctions in single- and double-walled carbon nanotubes using
advanced plasma-ion irradiation method

7T A~ L RO A IS K 2 B (Bf7) 2Na L h—RrF /7 F
2 =7 DGR E Z ORMEHEICBE T 5 EBRAZIT > T D, T b ORFF (0 FNE
=R T ) Fa—=Tx2 M pn EELA A — RO, KUFHRF v ) 78K
HEOMHIZE T 2 21T > TV 5.

Formation and characterization of heteroatoms (or heteromolecules) encapsulated single- and
double-walled carbon nanotubes using plasma/chemical based methods have been performed.
Development of p-n junction diodes using heteroatoms (molecules) such as Cs/Cg or Cs/l
encapsulated single- and double-walled carbon nanotubes is also carried out.

3. BMETSXTEZML:-DNA RUA A VRIANEA—ARUF/ Fa—TRIRICET S
5
Formation of DNA and ionic liquids encapsulated single-walled carbon nanotubes using
electrolyte plasmas

WIRE 7 7 A~ R TOAF B ZFH L7 DNA KO A AR IR 2 N L7 Hifg o —
KT ) Fa—THRE E ORMETHEIC BT 28 &2 1T > T 5.

Formation and characterization of DNA and ionic liquids encapsulated single-walled carbon
nanotubes using ion irradiation in electrolyte plasmas and its application to novel electronic
devices and biosensors have been performed.

4. I75—LYABH—RUF/ Far—TORZEEHFEICET MR
Optoelectrical properties of Cg encapsulated and CsgN encapsulated single-walled
carbon nanotubes.

RFET7 T — L (Ceo) KD EHREHL T 7 — L L (CsoN)NE I —HR ) ) F 2 —T DR
SFHTAE © BARUREFHEE TR DR 21T > T 5.
Electrical transport properties of Cg encapsulated and CsgN encapsulated single-walled carbon
nanotubes under the light irradiation have been investigated.
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Si photonic waveguide
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In order to realize small and low power consumption photonic devices, photonic waveguide with
Si core and SiO2 cladding are being studied.

2. FYRILEIN0ABRBEZAWEREALENRT/NM AOHR
ZnO photonic waveguide

FERIIE TN RN R BN ATF ¥ AR DOIn0 Z a7 & U yEE ik 2 /il L 800 ~
1000 nm 3 O &k 22 PR O FE 21T > TV D,

In order to fabricate wideband light source with 800 ~ 1000 nm wavelength, channel type
photonic waveguides made of ZnO with high non-liner optical constant are being studied.
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Low Contact Resistance Formation of MIS Devices
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In order to reduce source/drain series resistance, it is also important to reduce contact resistance.
To achieve lower contact resistance, Schottky barrier height between silicide and silicon must be
low, for example 0.3 eV or less. Dual metal silicide structure, using low work function silicides
for n" silicon and high work function silisides for p* silicon, is developed.
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1. N—TARNLKRART—EBE PO RIIEEOHSIERSRICET MR
Tunnel Magneto-resistance Effect in Magnetic Tunnel Junctions with Heusler Alloy
Electrodes
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BASER KO E FV e b o R UERE ORGKHEH I RIZ OV TIFFEL T 5.
Magnetic properties of Heusler alloys, which are expected to be a half-metal, are being studied.
Tunnel magneto-resistance effect in magnetic tunnel junctions with Heusler alloys is also being
investigated.
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Electric field control of quantum transport properties in ZnO-based heterostructures
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Electrostatic field effect with metal-semiconductor Schottky contact or MIS structure is one of
effective ways to control the transport properties at semiconductor heterointerface. We applied a
conducting polymer, poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate) (PEDOT:PSS), as
Schottky contact electrode on ZnO, thereby we have developed a visible-blind ultraviolet
photodetector and a MESFET. In addition, we fabricate a MIS structure with
atomic-layer-deposited Al,03;. The 2DEG density evaluated by Hall effect could be controlled
over one order of magnitude in both MESFET and MISFET. Accompanying with the density
variation, we achieved metal-insulator transition and systematic variation of quantum Hall states
under applied magnetic field.
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Electric and magnetic properties of Co-doped TiO, grown on glass by sputtering method
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Co-doped TiO, is one of room temperature ferromagnetic oxide semiconductor, and its film
growth on glass substrates is important from aspect of its applications. In this study, we
fabricated Co-doped TiO, films on glass substrates by sputtering method. The films were
polycrystalline rutile phase with weak (100) orientation, and exhibited ferromagnetic MCD and
anomalous Hall effect at room temperature. By fabricating a simple one-dimensional
magnetophotonic crystal structure composed of magnetic Ti;4C0,0,.5 layer and (SiO2/TiO,)
dielectric multilayers, we observed the fourfold enhancement of magneto-optical effect.
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FBAREFRECHITIREVHEREEROMMELICHA
Properties and application of spin orbit interaction in Ill- V semiconductor
heterostructure
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Since spin orbit interactions caused by the structural inversion asymmetry and the bulk inversion
asymmetry induce an effective magnetic field in IIl- Vsemiconductor heterostructures, it is
possible to realize the new functional devices based on the electrical control of the spin
precession. We study the gate bias control of the spin orbit interaction by analyzing the weak
antilocalization and the electrical control of the spin precession by the spin interference effect in
the mesoscopic ring structure.
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Study of submicron-sized ferromagnetic element
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Submicron-sized ferromagnetic ring structures have attracted much attention for the high density
memory since the minimal stray field is induced in the Vortex states, which magnetization is
circularly oriented around the ring. We study the lateral and the vertical magnetic interactions of
one dimensional Fe ring array and Fe/Au/Fe trilayer ring structures for the future data-storage
application.
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Dynamic magnetization behavior of nhanoscale magnet
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A measurement system for detecting magnetization reversal in nanoseconds time scale is being
developed. The key factors for the system are a pulse generator with both short rise time and
large amplitude, and a detection system for high frequency signal from nanoscale magnets.
T/ B AREEERFEDORR
Development of fabrication process of nanoscale magnet
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New fabrication processes of nanoscale magnets with sub-50 nm dimension and magnetic
properties of those structures are being investigated.
B EAEMHEOFEER
High-K, materials
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High-K, materials, which are necessary to prevent thermal fluctuation caused by downsizing of
magnetic elements, are being investigated.
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Study on transmission-line-type metamaterials at visible wavelengths
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We obtained a design from transmission line metamaterials and fabricated a metamaterials at
visible wavelengths. The mode of negative group was experimentally examined and the focusing
effect was numerically studied.
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Study on photo-functional plasmonic crystals
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We fabricated various types of plasmonic crystals, based on the fabrication with
tens-of-nanometers precision. In optical experiment, we found novel behavior of eigen modes such
as pair annihilation, extreme enhancement of transmission, and plasmonic resonant second

harmonic generation.
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F/ 70/ ao— BT ERRT
Nanotechnology and ultra-small semiconductor devices
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This project is aiming at fabrication of the ultimate MOSFETs with channel regions composed of
several tens of atoms. Current activities on the nano CMOS devices include FD-SOI MOSFET
with buried back gate, SOLK MOSFET, GOI-MISFET with nickel germanide source/drain, thin
high-k dielectric, and metal gate electrodes.
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New functional memory devices
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This project is aiming at realization of new functional memory devices using semiconductor
technologies and electron spin. Current activities include new nonvolatile memories with

magnetic nano-dots or metal nano-dots as floating gates and spin-transfer torque RAM
(SPRAM).
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3D integration technology and 3D-stacked information processing system
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3D integration is the most promising technology to achieve future advanced LSIs where several
wafers/chips are vertically stacked and electrically connected with millions of TSVs (Through-Si

Via). 3D-LSI can provide high speed, low power, and new functional information processing
system.

HAF—ARY IV ERBFERERATL
Optical interconnection and opto-electro integrated system
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The purpose of this project is to realize the ultra high-speed opto-electro integrated system using
optical data transfer within and/or between LSI chips. We are also developing parallel processing
systems with shared memories optically connected through VCSEL, micro-mirrors, polyimide
optical waveguide, and photodiode.

(it hm ]
1.

WEEL . \PRL AMIEE, “ERocEER T v 7o o0SiHEmE T (TSV) Rkl
W, =7 hr=r REESFAEE Vol. 12. No.2, 2009, pp.104-109.



10.

11.

12.

13.

M. KOYANAGI, T. FUKUSHIMA, AND T. TANAKA, “High-Density Through Silicon Vias for
3-D LSIs”, Proceedings OF THE IEEE, Vol.97.No.1, 2009, pp.49-59.

Y. Pei, C. Yin, J.-C. Bea, H. Kino, T. Fukushima, T. Tanaka, and M. Koyanagi, “MOSFET
nonvolatile memory with a high-density tungsten nanodot floating gate formed by
self-assembled nanodot deposition”, Semicond. Sci. Technol., Vol.24, 2009, pp.045022-045025.

Y. Pei, C. Yin, M. Nishijima, T. Kojima, T. Fukushima, T. Tanaka, and M. Koyanagi, “Formation
of high density tungsten nanodots embedded in silicon nitride for nonvolatile memory
application”, APPLIED PHYSICS LETTERS, Vol.94, 2009, pp. 063108-063110.

T. Fukushima, T. Konno, K. Kiyoyama, M. Murugesan, K. Sato, W.-C.Jeong, Y. Ohara, A. Noriki,
S. Kanno, Y. Kaiho, H. Kino, K. Makita, R.Kobayashi, C.-K. Yin, K. Inamura, K.-W. Lee, J.-C.
Bea, T. Tanaka, and M.Koyanagi, “New Heterogeneous Multi-Chip Module Integration
Technology Using Self-Assembly Method”, 2008 TEEE International Electron Devices Meeting
(IEDM) Technical Digest, 2008, pp.499-502.

M. Sekikawa, K. Kiyoyama, H. Hasegawa, K. Miura, T. Fukushima, S. Ikeda, T. Tanaka, H.
Ohno, and M. Koyanagi, “A Novel SPRAM (SPin-transfer torque RAM)-based Reconfigurable
Logic Block for 3D-Stacked reconfigurable Spin Processor”, 2008 IEEE International Electron
Devices Meeting (IEDM) Technical Digest, 2008, pp.935-937.

H. Kikuchi, Y. Yamada, A. M. Ali, J. Liang, T. Fukushima, T. Tanaka, and M. Koyanagi,
“Tungsten Through-Silicon Via Technology for Three-Dimensional LSIs”, Japanese Journal of
Applied Physics, Vol. 47. No.4, 2008, pp.2801-2806.

M. Fujiwara, S. Teradal, Y. Shirato, H. Owari, K. Watanabe, M. Matsuyama, K. Takahama, T..
Mori, K. Miyao, K. Choki, T. Fukushima, T. Tanaka, and M. Koyanagi, “Low-Loss Optical
Interposer with Recessed Vertical-Cavity Surface-Emitting Laser Diode and Photodiode Chips
into Si Substrate”, Japanese Journal of Applied Physics, Vol. 47. No.4, 2008, pp.2936-2940.

M. Murugesan, J. C. Bea, C. -K. Yin, H. Nohira, E. lkenaga, T. Hattori, M. Nishijima, T.
Fukushima, T. Tanaka, M. Miyao, and M. Koyanagi, “Investigation of the effect of in situ
annealing of FePt nanodots under high vacuum on the chemical states of Fe and Pt by x-ray
photoelectron spectroscopy”’, JOURNAL OF APPLIED PHYSICS, Vol. 104 , 2008,
074316-1-074316-5.

Y. Pei, M. Nishijima, T. Fukushima, T. Tanaka, and M. Koyanagi, “Memory Characteristics of
Self-Assembled Tungsten Nanodots Dispersed in Silicon Nitride”, APPLIED PHYSICS
LETTERS, Vol.104, 2008, pp.113115 -113117.

Y. PEI, T. FUKUSHIMA, T. TANAKA, M. KOYANAGI, “Electrical Characterization of MOS
Memory Devices with High Density Self-Assembled Tungsten Nano-Dot”, Japanese Journal of
Applied Physics, Vol. 47. No.4, 2008, pp.2680-2683.

K. Komiya, R. Kobayashi, T. Kobayashi, K. Sato, T. Fukushima, H. Kurino, T. Tanaka, M. Tamai,
and M. Koyanagi, “Power Supply System Using Electromagnetic Induction for
Three-Dimensionally Stacked Retinal Prosthesis Chip”, Japanese Journal of Applied Physics, Vol.
47. No.4, 2008, pp.3244-3247.

S. Kodama, D. Amano, T. Sugimura, T. Fukushima, T. Tanaka, and M. Koyanagi, “New
Reconfigurable Memory Architecture for Parallel Image Processing LSI with Three-Dimensional
Structure”, Japanese Journal of Applied Physics, Vol. 47. No.4, 2008, pp.2774-2778.

[EpRamgse ]

1.

Y. Pei, C. Yin, M. Nishijima, T. Kojima, H. Nohira, T. Fukushima, T. Tanaka, and M. Koyanagi,
“Electrical Characterization of MOS Memory Devices with Self-assembled Tungsten Nano-dots
Dispersed in Silicon Nitride”, 2009 International Semiconductor Technology Conference/China
Semiconductor Technology International Conference (ISTC/CSTIC), pp. 85-89, March 19-20,
2009, Shanghai, China.

T. Fukushima, T. Tanaka, and M. Koyanagi, “Super Chip Integration Technology for

Three-Dimensionally Stacked Retinal Prosthesis Chips”, Smart System Integration Conference
2009, pp.299-306, March 11, 2009, Brussels, Belgium.



10.

11.

12.

13.

14.

15.

16.

M. Koyanagi, T. Fukushima, T. Tanaka, “Three-Dimensional Integration Technology and
Integrated Systems”, The 14th Asia and South Pacific Design Automation Conference, pp.
409-415, January 21, 2009, Yokohama.

T. Fukushima, T. Tanaka, and M. Koyanagi, “Three-Dimensional Integration Technology to
Achieve Super Chip”, Electropackage System and Interconnect Product Seminar, SEMICON
Korea 2009 STS(SEMI Technology Symposium), January 21, 2009, Seoul, Korea.

T. Fukushima, T. Konno, K. Kiyoyama, M. Murugesan, K. Sato, W.-C.Jeong, Y. Ohara, A.
Noriki, S. Kanno, Y. Kaiho, H. Kino, K. Makita, R.Kobayashi, C.-K. Yin, K. Inamura, K.-W.
Lee, J.-C. Bea, T. Tanaka, and M.Koyanagi, “New Heterogeneous Multi-Chip Module
Integration Technology Using Self-Assembly Method”, 2009 IEEE The International Solid-State
Circuits Conference (ISSCC) , Digest of Technical paper, p.515, February 9, 2009, San
Francisco.

T. Fukushima, T. Konno, K. Kiyoyama, M. Murugesan, K. Sato, W.-C.Jeong, Y. Ohara, A.
Noriki, S. Kanno, Y. Kaiho, H. Kino, K. Makita, R.Kobayashi, C.-K. Yin, K. Inamura, K.-W.
Lee, J.-C. Bea, T. Tanaka, and M.Koyanagi, “New Heterogeneous Multi-Chip Module
Integration Technology Using Self-Assembly Method”, 2008 IEEE International Electron
Devices Meeting (IEDM) , pp.499-502, December 16, 2008, San Francisco.

M. Sekikawa, K. Kiyoyama, H. Hasegawa, K. Miura, T. Fukushima, S. Ikeda, T. Tanaka, H.
Ohno, and M. Koyanagi, “A Novel SPRAM (SPin-transfer torque RAM)-based Reconfigurable
Logic Block for 3D-Stacked reconfigurable Spin Processor”, 2008 IEEE International Electron
Devices Meeting (IEDM) , pp.935-937, December 15-17, 2008, San Francisco.

T. Tanaka, “Fully Implantable Retinal Prosthesis with 3-Dimensionally Stacked LSI”,
GPBE/NUS-Tohoku Graduate Student Conference in Bioengineering, pp.15-16, December 9-10,
2008, Singapore.

W.-C. Jeong, K. Kiyoyama, T. Fukushima, K.-W. Lee, T. Tanaka,and Mitsumasa Koyanagi,
“Study of electromagnetic inductor for power delivery to three-dimensional retinal prosthesis
system”, GPBE/NUS-Tohoku Graduate Student Conference in Bioengineering, pp.111-112,
December 9-10, 2008, Singapore.

Keigo Sato, Yoshiyuki Kaiho, Hiroshi Tomita, Tetsu Tanaka, and Mitsumasa Koyanagi, “Study
of Retinal Prosthesis with Three-Dimensionally Stacked LSI, GPBE/NUS-Tohoku Graduate
Student Conference in Bioengineering, pp.107-108, December 9-10, 2008, Singapore.

T. Fukushima, T. Tanaka and M. Koyanagi, “Three-Dimensional Integration Technology Based
on Self-Assembled Chip-to-Wafer Stacking”, 2008 Materials Research Society (MRS) Fall
Meeting, December 1-5, 2008, Boston USA.

K. Kiyoyama, Y. Tanaka, M. Onoda, T. Fukushima, T. Tanaka and M. Koyanagi, “A
Closed-loop Power Control Function for Bio-implantable devices”, IEEE Asian Solid-State
Circuits Conference, pp.325-328, November 3-5, 2008, Fukuoka.

T. Tanaka, T. Fukushima, M. Koyanagi, “3-D Integration Technology for Realizing Super Chip”,
VMIC (25th International Conference) FOR VLSI/ULSI MULTILEVEL INTERCONNECTION,
October 29, 2008, San Francisco.

M. Koyanagi, Takafumi Fukushima, Tetsu Tanaka, “New Three-Dimensional Integration
Technology Using Reconfigured Wafers”, The 9th International Conference on Solid-State and
Integrated-Circuit Technology, October 20-23,2008, Beijing, China

M. Koyanagi, M. Fujiwara, T. Fukushima, and T. Tanaka, “A New Optical Interposer with
Buried VCSEL and Photodiode for Inter-Chip Optical Interconnection”, 214th Meeting of ECS
(The Electrochemical Society), October 12-17,2008, Hawaii, USA.

Y. Pei, M. Nishijima, T. Fukushima, T. Tanaka, and M. Koyanagi, “Memory Characterization of
MOS Memory Device with High Density Self-Assembled Tungsten Nanodots Floating Gate and
HfO2 Blocking Dielectric”, 2008 International Conference on Solid State Devices and Materials,
pp.242-243, September 24, 2008, Tsukuba.



17

18.

19.

20.

21,

22,

23.

24.

25.

26.

217.

28.

29.

30.

. M. Sekikawa, K. Kiyoyama, T. Fukushima, T. Tanaka, and M. Koyanagi, “A Fundamental Study
Toward the Realization of an SPRAM-based Low Power FPGA”, 2008 International Conference
on Solid State Devices and Materials, pp.272-273, September 25, 2008, Tsukuba.

M. Kenji, K. Kiyoyama, T. Sugimura, T. Fukusima, T. Tanaka and M. Koyanagi, “A CMOS
Image Sensor with CDS and Global Shutter for Three-Dimensional Image Processing System”,
2008 International Conference on Solid State Devices and Materials, pp.282-283, September 25,
2008, Tsukuba.

M. Murugesan, J. Bea, T. Konno, H. Kino, Y. Ohara, T. Fukushima, T. Tanaka and M. Koyanagi,
“The Formation of Lateral Interconnections Extending over 100-micron Thick Chips”, 2008
International Conference on Solid State Devices and Materials, pp.472-473, September 25, 2008,
Tsukuba.

K. Kiyoyama, Y. Tanaka, M. Onoda, T. Fukushima, T. Tanaka, and M. Koyanagi, “Battery-less
Telemetry System with a Closed-loop Power Control for Bio-Implantable Applications”, 2008
International Conference on Solid State Devices and Materials, pp.484-485, September 25, 2008,
Tsukuba.

T. Konno, T. Fukushima, R. Kobayashi, T. Tanaka, and M. Koyanagi, “Self-Assembly for
Heterogeneous Integration with Lateral Interconnections Extending over MEMS and LSI Chips”,
2008 International Conference on Solid State Devices and Materials, pp.726-727, September 25,
2008, Tsukuba.

M. Fujiwara, A. Noriki, T. Fukushima, T. Tanaka, and M. Koyanagi, “Tapered Through-Si Via
Formation for Optical Interposer with 3D ICs and Buried Vertical-Cavity Surface-Emitting Laser
/ Photo Diode Chips”, 2008 International Conference on Solid State Devices and Materials,
pp.958-959, September 26, 2008, Tsukuba.

W. Jeong, K. Kiyoyama, M. Murugesan, T. Fukushima, T. Tanaka, and M. Koyanagi,
“Characteristics of Magnetic Film Inductors with FePt Nano-Dots”, 2008 International
Conference on Solid State Devices and Materials, pp.1106-1107, September 26, 2008, Tsukuba.

T. Fukushima, T. Tanaka, and M. Koyanagi, “3D system integration technology and 3D systems”,
Advanced Metallization Conference (AMC) 2008, September 23-25, 2008, San Diego,
California.

M. Koyanagi, “Three-Dimensional Integration Technology Using Self-Assembly Technique and
Super Chip Integration”, 2008 IITC(International Interconnect Technology Conference), June 1-4,
2008 , San Francisco California.

T. Fukushima, T. Konno, S.Y. Ji, T. Tanaka, and M. Koyanagi, “Multichip Self-Assembly
Technique on Flexible Polymeric Substrate”, The 59th Electronic Components and Technology
Conference (ECTC), pp. 1532-1537, May 27-30th, 2008, Florida, USA.

M. Koyanagi, T. Fukushima and T. Tanaka, “Three-Dimensional Integration Technology Using
Adhesive Injection Method and W/Poly-Si TSV”, 3D System Integration Technology Conference
(3D-SIC) 2008, pp.31-44 , May, 12-13th, 2008, Tokyo.

T. Fukushima, T. Konno, T. Tanaka and M. Koyanagi, “Chip Self-Assembly Technique for 3D
LSI Fabrication”, 3D System Integration Technology Conference (3D-SIC) 2008, pp.205-216,
May, 12-13th, 2008, Tokyo.

K. Kiyoyama, S. Kodama, D. Amano, T. Sugimura, T. Fukushima, T. Tanaka and M. Koyanagi,
“A Dynamically Reconfigurable Interconnection Network for Parallel Image Processing System
with Three-Dimensional Structure”, 3D System Integration Technology Conference (3D-SIC)
2008, pp.217-227, May, 12-13th, 2008, Tokyo.

K. Sato, Y. Kaiho, T. Fukushima, H. Tomita, H. Kurino, T. Tanaka and M. Koyanagi, “Study of
Retinal Prosthesis with Three-Dimensionally Stacked LSI”, 3D System Integration Technology
Conference (3D-SIC) 2008, pp.229-239, May, 12-13th, 2008, Tokyo.



OBAEMRE (FHHE VLSI S X T LFHRED)

1.

New Paradigm VLSI System (T.Hanyu)

TERMEOAD YA VAT KM

Nonvolatile logic-in-memory integrated circuits

BER N FNAEE T NA AL MOS b T v PR Y BRA G DR, RERIEGIEAE & A
BRex —Mb S B ARElRMEr Yy 7 4 AT U ERERIRARIE L.

Our research group has fabricated a nonvolatile logic-in-memory integrated circuit, where a

nonvolatile storage function is merged into a logic-circuit function, using magnetic tunnel
junctions (MTJs) in combination with MOS transistors.
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A cooperative research project between industry, academia and government; Development of
super high-speed mass storage HDD systems started in August 2007 under the collaborations
between RIEC including 1T21 storage technology group, major Japanese HDD manufacturers and
other laboratories researching related technologies within Tohoku University. Developments of
high density patterned media and high sensitivity sensor are research subjects in this project, and
we fabricated fine dot arrays of Co based alloy films and spin accumulation devices and studied
fundamental properties.

The goals of this project are to develop the perpendicular recording fundamental technologies
required for 5 Thits/inch? recording density and, based on these technologies, to develop the
methods for realizing large capacity, high performance and low power consumption storage
systems.

1) Development of fundamental technologies for the recording densities over 2 Th/inch? high
sensitivity sensors, high recording resolution SPT writers and high-density media including
patterned media.

2) Demonstration of methods for high performance and low power consumption storage
systems.
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Fabrication of Graphene on Silicon and its Application
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Ggraphene is expected to be a promising semiconductor material in the next-generation electronic

devices. Formation of graphene on silicon substrate (GOS), as well as its applications, are
investigated.
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grown on Si(110) substrate”, e.-J. Surf. Sci. Nanostruct., accepted for publication.
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In order to realize a ubiquitous network society, where people can enjoy seamless exchange of
mass multimedia data using personal PDAs, several important innovations must be made in
ULSI (Ultra Large Scale Integrated Circuit) technology. These demanded innovations are
centered on the downscaling of the device size into the order of nanometers and the boosting of
the degree of integration and operational speed of the circuits and systems. To this goal, we are
investigating on the development of innovative ULSI technologies, in which we are trying to
overcome the factors that currently impose limitations such as minimum device size, their
highest operational speed, their lowest power consumption,

To this goal, we are investigating on the development of innovative ULSI technologies, in
which we are trying to overcome the factors that currently impose limitations such as minimum
device size, their highest operational speed, their lowest power consumption, and their attainable
stability. Our interests include the proposals of

1. T/ A= VETHILSND Z & THRT 2R FORMEES S, KO, [EEOKHE
BUBIZFE 9 5EMBE A fFR % Robust 72§ HALEE 2 BIE L7277 —F%7 7 F ¥ - [RIEEAh
Robust architecture and circuit technology that can tolerate fluctuations in characteristics of nano
devices as well as with increased complexity in highly integrated ULSI systems,

2. PEROTL—FHEINMCERTHRAEZ T LA 7 Z—T % 3 WoikkiE7e EH LU -
R EE S T /3 A A - RIS EIN
Post-planar devices based on innovated structures such as 3-dimensional structures and their
circuit technology,

3. T AT MBI Lo TRET H2WEBLG R 8% 0 L7 LW EERIICE-S <
T REET NA A - BN
Novel devices and circuits based on new principles of operation that become achievable in nano
structures,

4. FIR DMWY - BEMERELOEAIZ & o TER SN D @R R T A ARG, KON
B2 DRI D RKIBAGIZ K> TER SN D @ARQRRGEHFIE - 70U X070 R
RG2S - m2hRICEREH T 572D CAD (Computer Aided Design) £t 72 £'iC
B4 o5t a —B L TIT o,

Next-generation CAD (Computer Aided Design) technology with high precision and efficiency,
in order to design the next-generation ULSI systems with highly integrated new devices.



6. SEEH

(O NN RN INe)

A WON =

MDY ) — I —LEEBEDODME
F/ - REVERBEROFIAIZDONT
MEER D FIFAKR (R 20 F£ )

+/ - RAEVIEMES

B oROHL TOdS A



6—1 MBERDI)—2I—LEEBDOHE

(R THEER D BAEA RS 570D 2 DI A IEEA AL . FERICHEL CUVET, DD MEEIL, &4
ébﬁ%ﬁﬁ%ﬂx% 210, RISV OO ET,
LUF. Aliztoisdmo—gr rmUET,
U O Ss@feedem, M 3@ s rTaE R 7 1 =7 LS

a-1) 7/ AEVBFE—L-YVT S5O0 %8

B /- REVEFHEL AT L HAEF JBX-9300SA
OFi&E  F/RT—ILDINF— A
OERE  NMHEFE: 100 kV
w=/MFIE: 20 nm
/Y AX: 5mm F~300mme
ESRT /- REVEERES ELX15—9)—)L—L BEFE—LENE
HUZRE /- AP ERERRSR HEE

B /- RE MBI AT L =22 NSR-2005i10C
OFiE  MIMEEENICIOWHIL O XM S2—2 DR
O %RE E%J'EJ'DJ? i R
"7::/ \4}47\. 33mme 2 1VFQ
LFIINYAR: 64F
KRBT /- AEUEEEHR ELFaS5—)—VIl—L BFE—LENE
HLUHRE /- REUEEREER @i/ B RN E

0O TRIBEFE—LRBEREE (YRS EB) BAET JBX-7000MV(A)
Q& TRIVEERUII—NEHA IZEEBEREFE—LELEE
@4aE ﬂuizaaf 20 kV

LERZE:06 A/cm?
— L E:Max 4y m?
ﬁ?ﬂ%ﬁ:o.05 M m
=/INTE: 05 m
YRIYAX: 25.5.6 1F
I/NE2.3AF
ERESFT  |BREER 1 SR
HLARE /- REEERRR 0SSR

O BE8EHAR—2 (GFEd) F+/> CDS-630

@& 24 Fx/\Z HVMDS E—-ZEH -R—UF(FRE-R—IFERFTHDOBEE
(Cassette to Cassette) THid &M TES,

OMtRE 2RO AME24F 91/ EIZ 1.02002mm DERIEES—ETERTHIEN
T&% (TSMR-8900, 25¢cp #487E)
RIL—T YN EEA; #9405 258
g, #9405 258,

REHAT  BMEER 1 B

{ELEARE /- REEERHREE H@Ep



O XKARERRRE AR *¥v/> CDS-630

OFE o, \FEOHE. THBE YIRS

@R - EEEMEEER (A1) 7 X BH3-MJL)
/¥R
L X 5%, 10%x 20X, 50% 100X | 250 X
SEERE 020mm
-FEEReZEBEER (A1) 7 \X PM-10AK)
“TLEAASY AT L (F) 78X U-VPT)
SEHRR RT L (A1) 27 SR UM-40)
-B&iRA (TC-56)

MBS 1/ -REVERHSE ELX15—9)—UIL—L BRFE—LERE

$HLFARE /- AEEERRER  H@ER

O BEREHEE (FA%H) h4Pa— RT-869
@ i 2 A42F, 33mm@ Si T/ \NGEER
OMEE  BRERBUKILEHE 2 78, IERGE/KIT S 1 75, JE/KAE 3 8. KR 1 45,
Fv)TITyb Ltz & BEIEFATRE,
RESAT  |BREER 1 B
HYHEE /- REVEERER HEE

O AR SEM (B3I HAEF JSM6401F
O EIRREIRMHIEERRAT
OEE -2 REFHEHEEE
(AMEFEE 30kV) :15nm {REE
(ANEFEE 10kV) : 6.0 nm {REE
- RETEFG S fiREE
(hmEEEE 30kV) :30 nm {REE
&R
A—1s(MAG) :10 X (WD39mm)~ 500,000 X
Z1)tzyk (INST MAG) : ATRE
(R—LEHR-ST) 2y MEE, RV
-JO—JER 1072~10" A
RBEHFT /- RAEEREER 4 B 408
ALERRE ; /- AEEERER HEER
O RFw/8— *+/> FPA-1550M O
@&  LFIIIEI—DfEMNEE S
O@ithE  AR%E 06 S~0O> (TSMR-8900)
A= T5A A MNEE 0152902 (3s)
NA043, #fa/Ng 51
RESAT  |BMER 1 B
jELEER /- AE D RERRES HHIEER

O Y7390V RIT7S5A AN H—ILRAZ MJB 3
@& V574 800% L THERERE M \—F B\ EhnbhhHh E REETINIY
%,

Ot YI/N—HAX FKK 3MUF
- ERSEIEIR EE/KER350WS T
IR7 A AV IREESNE RN -EE 7 54 A MHVAJRE,
-FREE 04pm



EIBFT /- AEUEERER ELXA15—)—UI—L BFE—LENE
{HLPARE KB KEF-INBIARE

O RRO754F *x/> PLA-501
[ J=0e3 LFUIASRER LIS N =B F R \F—F 1571 DFETO/ N\ LIZIRERE
KT DEETY.

OHRE NRICEEKIRSUTHRALT, HS/0 YA XD/ \3—VEEBEAAIRETT
NEBISRT /- RAEVEEREEE EL¥15—9)—2)L—L TFRE—LENE
HUERE /- AEEERRR HEE

O ERmEER ULVAC Dektak 6m
OfiE  FEMEMEELE DREMIRERRS
@ taE AxvUAR J—FRAF¥x¥>
- B AW ERE 5A
- EE TR 50mm~30mm
-fhEtE 10~ 50mgf (S a])

HEGAT /- AREVEREE EL¥aT—0)—UIIL—L BFE—LERE
BURE S/ - AEEEREEE HEER

a2 {t&YEEGHTOREERR

O &% MBE VG V80H

OFE jp AU EIATEIE (GaAs/AlAs, InAs/GaSh)D TE A% v /L FE
[ JETH] TN AR 24F (TRIAUF) FERK (In FE1HT)
24 F B BNE24F I/ \D 1./ 4 (In Free)
ZREE BIE=1 Galn Al X2, As X2, Sb, S Be, (Te)
FKIEZE2 Ga, AlX 2, As, Si
MBS /- AEUEEEER ELFX 50—V —L LEYMEERTOERE
HYARE K- KF-LERE

O Sio, HIERTSXAYCVDEE AAREZE
@&  SOo,DHEE
O tHE BEBETE

RIGE: 3% 107 Torr LI,
ERE:2x10%Torr LT
-EARINE &S 400°C
-RIGHRFE SiH,, N,O
JEES 24 F O/ NATEHUT
BB /- REVEEESR EL¥2T5—V—VI—L EEYEEATOERE
BEARE K- KEF-LER=E

O SN, #ERTSX<CVDER HAEZE
OFiE  (LAYEBAREIRA DIMZIEC ) 2V ZLE) DR
[ JETH] - JIBRES
@ 24 FER 18 1 \wF
@ 3BFER 1N\ TF
TERSFHZIE, BRI EEEZ 5 ETHIG
-EARNBVEE RISE e 400°C
#{RE &= 300°C
‘RFEN FHIREIRE 13.56MHz



s 200W
“BAHR  SiH,. NH,. Ar, N,. O,
MBS /- RAEVEERER ELFXT—0)—VIL—L LEYEERTOERE
HLHIRE K- KEF-LNEARE

O 2EMNEFE—LZEEERE BARZ
OFiE LEYEER PR RUNREBMFEEFE —L - EUNEATHREL . BUEEE1TS,
Ot - nBEEERERETE—LEKEEE

DTN AX TR (&R2M42F)
BFE—LFER 1
EInEGERY 2
p BEEREREE
DINYARX TER(&RR2M4F)
AIETRE 3
n/p BRAFRIMEEMUIREE
DINYAX TER (&R2M12F)
JNEVRE 900°C+5°CLIA
FHEHSAR BFR. 7NV, KHFR
MBS /- AEVEEREER ELFX 50—V IL—L EEYMEERTOERE
HLEMRE K- KEF-WEMRE

O /42 R84%E AT L (ECRIYF) AAEZE
OFiE  CLARZERAVV-ALEMFEREOEAMTVFY
OMEE - Fvis iERL IVFUHE A—FOYIE
BNEBETRE 10%Torr &
-ENEESD 102 ~10"Torr
B A X 24F . RUFER
“ITYFEE  ~2000A/min(GaAs)
IYFUTR 2AFEIRRE106LT
- EARHHD EikILE —KA=R
AT IR ECR/\4ryhE!
A4 IRILF—  200~1000V
JOERAR Cl,. Ar. O,
RBISFT /- AEVEERER ELX2S5—0)—rIL—L LEYHEFRTOERE
BEARE K- KEF-LER=E

O $#ERREARSA TyF 7 %E (RE) BARZ
@& LEYESAKRIT/N—LEDOVIVELIR, D)V EED Ty F
Otk -SRI CF, 0, . H,

-EIEEAH 13%x10%Pa LI

-JO+RXEH 067~133Pa LIF

- EAnEIEE -30°C~25°C

- EARAEER @ 24 FEAR X 1R/ \yF
BB /- AEUEEEER ELFX 50—V —L LEYMEERTOERE
HIMRE K- KEF-LNSHERE

O FBENGA—EITFS5A4Y Y=——FHrA=HR
O  PEEREFT/ N\ REQOERHNFEOHE
Ot  V—REZHI-UIN 6
- SIREE 8mV 4fA



-RABE-ER 200V 100 mA
H—TrL—HE—FT]
BB /- AEEEREER 4 B 408 =ER=E
HLRFRE KB KEF- AR E

a-3) VV)ar oA EERER

B /~ATORELAENIS R T A
@&  Si-Ge-C R¥EAS/~TOEERBRUVZOFRENELE DIMIEIT,
OEE  Si-Ge REEDIEZX v LR OTHYIN—E > J HiaTRE,
300-1100°C TOHORIEN AFHES P TOEMLIENATEE,
BB /- AEVEEMSR ELX21S5—0)—VI—L )3 TAERE
HUARE =0 EEREE

B F/ATASHATLA
@&  Si-GeC RFEKS/~ATOEBEDSREESHET,
OEE  Si-Ge-C RFEUF/ATOEEDRFHEE - BREL—YYITUORIIRATL). &
[EFEREEO T TV A—4), BEXIEI AR RIS D FHTE A A ATEE,
BISAT /- AEVEEMER ELX21S5—0)—VIl—L D)3 TAERE
HLHRE =M EERRE

O X AEFHIEE (ESCA) SST SSX - 100
OFE  FRETEFEMTH
OtEE EEIRILT—REE 069eV (Auy,) « B/INIHTHELE 270 U0V LT, BE 10 AH™
UL,
HEBFT /- REVEERESR ELXa5—0)—rIIL—L DU TOERE
HLHRE =0 EERRE

O ¥ ERETHTESRFEIE AT LA HP fth#f £ 2T L
Of& ERh—ILERAIER
OfRE  HISTRE 6.9k0e (4w 60mm B¥) , 7544 R 2 YN ZKYRHEEEE 10K FTHEN
AJHE,
EBISET /- RELEERHEER A316 E
HLHRE EH-EENEE

O JBE CVD &E HIERES
@F&  Si. Ge. SN, ZFNDRJER
OtEE  HEEURRA T DRIE CVD & 2 Fa—T 417,
550°C T Si-Ge RODERTERFL )L R ATRE,
BRESFT /- RAEVEESR ELXa15—0)—rIl—L D) TOERE
HUHRE E@H-ERRE

O &ECVD E&
@Fi& B CVD EIZ&Y Si0,. PSG, BSG DEEMHET.
@EHE  200~400°CTOECVD % 12KV, Si0,, PSG. BSG ZRATAE (2Fvi/\—),
I \WF RIEED £ 5% LA,
BREBFT /- RAEUEEMSE ELXa5—0)—rIl—L V) TOERE
HLHRE EH-EENEE

O Si & RE
@&  JIaAUMIRARSAITYFUIEE (FAIL/NEMR510 4%)



Si B LD Si RFBADTYF T ETI,
SiO, ITRARZSA Ty F > J%EE (74 )L/ N DEM-451 4%)
SiEIRED SiBELY S0, DTYFTEIT,
AZIVINIRARSA T F T %EE (7 4)L/ N L-451DA-L)
SiER EDEBOTYF I EITD,
OtEE JIIAVMIARSATIVFUEE
Si EAR LD Si RFEEADTYF T A A[EE(ECR ) . 5K 6 A F o/ \, BEHMIZN S
RERSD T/ \AIRE, #HBNRSZENND, RF 7\ 7 XENRI ATHE,
BAHR: Cl. SiCl,. BCL. SFy. O,. H,. N,. Ar
SO, MITARSATYF I EE
Si 8KV Si Er ED SO, DTYF I HAIRE (RF FHEETFATEREY) ,
BAHR: CF,. SFs. O, Hyo Ny, Ar
AT RARSA TV F T EE
SiEREDEBOIYF I N EIEE (RF BHETITEHRE
IvFUTERAR: N, Ar, H,. BCl, SiCl,. Cl,. CF,. SF;. O,
TIDTERAR: 00N,
BB /- RAEVEERR ELXa5—0)—rIL—L D) TOERE
HLHRE =0 EERRE

O RFRT—ILEHEA TS AT L (AFM/STM) Fony
OfE FEAKRTOERADREFRT—ILVFHESHER.
ORE BEEZ STM, aVA2ZE—K AFM, /2O 39 E—K AFM,
LEED, A —> x XPS SFr[RE, SFhEEMENATRE,
FEERERE
HEBFT /- RAEVEERR ELXa5—0)—rIL—L DU TOERE
HLARE =M EEEE

O BRILV—TYMMAUFEAREE (FHEEd) H¥TERE NH-20SP
OFE  FEBART/NARERAARTHS Si I/ \NE~NOTHNAA 2 EA
ORE  ILEFEE: 10~200 kV
E—LZEM: £10%/h LT
SEA—E:0 /x=05%(EM)
o /x=05%(BIRM%)
HRRYIR 4 2t
DTINYARX:6", 2" (FHTHER) . 33mme (1)
ANEREES 1150 #/h LLE (10 FSEARE)
EXEImAT  PCR

a-4) B0 RER

W F/-REAZIVR IS BT AT L FRILIN EVP-38877

OFE  FERERETOERIZHIT BB Al/Ti SEED &

OMHEE A— Y ASSI(1%), Ti
HEIRILE 333 . 240F@ | dem AUTDHAVN I/ NE
ANEERER 333 /25 #/Bvk
JEES# @ 200 3R E5%LUAN
FEEZE 3% 10-6Pa(R/WWAE)

HEISAT /- AEUEEREEY LS — L —Ls

HLHARE P EENEE



W 7F514Y— FLLk HP-4156C
OfE FUDRANEE-EREMEREET T/ \ T ADOESIFEDAIE
@R  BENREEEEERY—R-E=A2-1=vMIfA/2u V=100mA/100V) X 4
BEAFEI=VLXx2
BEFR1I=YkXx2
REBIGRT /- AEUEEREER 2 B 212 =
BERE PE-EEAEE

B R4 — DT RARRUK 7476D

OFi& KRt FVTE N\ —CRIDIESHFECRR

@HEE TJAY— ALAu
KSR 60 ED ] EX—LIEWER
IR RRDBERE . REREOMILERED THE
I\ — D NINEAETHE

RESFT  F/- RESEERHER 4 B 408 =

HLRE P E-1AEAEE

B RRIT7I4F— H—ILXR MJB4

OFE  EHREEEESERIA N O RN E— DR

OtEE HIFHAX 5mmANSREKIIUFH
IRGYARX 24 FAIL 5 AFHA
LIMEENIBE  25mW/cm?
BAADMREE 08y mSAY ./ AR—R(\Fa—LaRIMNE)

WEBISTH /- REEERESRY LSS —L—L

HLHARE FE-1ERARE

O R/\AREE FHRILIN

OFE  swmEsLERGIR. SEEELMR.
)Y AR e RS EEER
OMRE @ 4"hU—Fx3#
RAWEEART 1 X 47
EARANER: MAX350°C
FHREEZEE 3% 10°%Pa LI
RESAT  F/ - REVEEREER LSO —2 IL—Ls
PURE P RARE

O #JnERE HRILYhAY
OFi& 7 —MEALIR. 20— I)LRERALIRD RZRK.
SiO,. PSG 73E MEMNEE, 474> EARDELIE,
LR TaAYg
.'Iiﬁg Ozs st Ar, st H2+02 éﬂilﬂ'ﬁq:'f@mfiﬁﬁlﬁﬁo
e—4mnEA
600°C~1050°C: 41K
200°C~800°C: 21k
BB /- REUEERERDILNS O —IL—L
HEHRE PE-1LERE

O €RFEEE BAS—RHER MI5-0019
OFE £EEE(TILI=OL)DZEE (RInEE)
OtsE FHERAR—M2



ST/ YAX:33mme . 2”.67.8”
[EEObO—3IZ k5B L — D HIfEA RATRE
EAREEnsdaTE
R EIGAT
HLHRE DB LHEEE

O #4225 —
Ok LA FVTBLIUVEERFED I/ \MoDEMT
@1%aE 1/ \H 4 X :Max 6”
FAE
FyT—7 JLEERE :0005mm/152.4mm
AEVRIVEIHLEE:
B—tEF 82 :0.003mm/1524mm
BFEE Y FEEE :0005mm/152.4mm
Y AE—K: 0.3 — 300mm/sec
AT
X: T4 & : 20 - 153mm
Y: AT ZEF 0002 - 99.998mm
Z - H)5% L &R 0005 — 19.995 mm
0 :0-90° *1°
RESFT EMESE
EHLHRE SB-EEEE

O LSITRA
OFE TFHOURUTADAIL LS FyTDEMERITE - HREE
OTHRE  HP9494A SYHURRL S FIL LSI TR RT L
30MHz 12Bit {EERFEHESS
1MHz 16Bit T2+
BB /- AEUEEREER 2 [ 212 =
HUHARE DB EHEAEE

0 CAD Y RT L
@&  SIEMEEK/ \Z—{EHIF CAD
@1AE  -SX9000 [Z&k5 CAD /\Z— 1E&L
*JEOL52 74— UhAD CAD T—Ha/\—MRE
REBEBFT /- AEUEEREER 2 BE 212 =
BUHIRE P E-EEHIRE

Disco

HP9494

TA3—EF SX-9000



WAMAE s

llﬂﬂ
Eor H++H++H
Ak =
=R I g TR ERE R =R gz EEE RBE
nizz e hozo aans e A7
" 2
x s 5 5 55 55 &
HU—— L& Y
2
HAREE || ERE2 1
24 5l 13
TFE—LE e e w) i
b A1E
EES
> 26
&
= N
=B rj)l/l"jbu_-/)ll_i\
A5
BU—le— Ll 13
L1
s —] )
Ad14
ERREE —
] =] HEE
t nos i = =4 we|  EEE | mma= 2 xuz muz pane
H =3 :l;& ] aos Area K13 P A
wnpes |20 4 4 d 2 2 @ 4 2 5 58
Al08 (3l 424
arz
EMA—I g
was gax | s e gwe | wns | wmx | oxe | ewe | sex | sxe | exe | ee=
32 Aaos A308 A207 A3DE A305 A304 A303 Al02 A3on
0 1] 3 36 36 40 123 k'] 35 36| 36 26 35 36| Kl k]

1REFEE SETEE

VE—DAR—R

HeEH E‘ BFE—LRAE
m= LA qu i PeR~

Lq@i,,,,,

M| ONBREH

| 2N
D1 N BREHE

:
ab

4
“

=

I e
i

A RNENY

BEERIME

s  -

;
£ v ses

LA] UUH‘

FAZESE

S




6—2 F/-AREVERBERDOFAICOT

T/ AV CERIERR TIX, MR OEAT O BRI, FiaR O AT BEE L7, &
KaBEHFFEAT LR T 0 Y = 7 MR, Z DN DR RSO M T TOE T, fiik T
I WD TIEGER 7 U — 2 b— 5 TR ISR DR 2 i OIRBE TR I S 7201, FIFNEES
EHDICHERE & PENTF — L a2, 7 U= b— LA0MBEOHER - RTEHEEZT-o TV E
T, B E—ABERERE R IR EE ORI A EFICIL, EE 2R LI YR EORE -
APERTEZRB, H2 VRO VICEBIEL T, EBRPEDONDL X HITLTHET,
FIHRRmLOITIL, fsgszft - £ (FBEE 022—217-5563) £ TIHEFE Z S0,



6—3 Mk K NCER205EE)
TH0EE /- -AELRBIEE FASERR

(ER21£E38318%T)
+/-AE LB

FRASER

HREH

FRRES

A

KEFHt

KEF#H=

XHEEBHE EHFAHE AHHSESE LEERE
mEAHE XEME HRATE R =F #H
(HER)FE # € LE BNl (D2)# ONESE M2)ES 1B
MOBEHE Rk ®@E B4/MH it KB (BFRAILE

26

E@EH

HERX

THEE EEASIE WRAERE kF #h
D) FE DIE MONE TR TH
M)FiE =¥ GHIAR TF

14

[E 55 5t

RHEE

EFHHE THEHE FAHEE BEER
M2) k% EE HE #F
M) B R Ol K& -7 - (BOKE G

(D30

16

B

EiR

EREEERE RIME HEEE W) HE

TN

UBTEL

HREE MMREEE Z&#bE BRAERE A6
(XA EiE+EEE D3)LEHF M) EFEER

B ER

{2 AR

BERFINEEMREEA EARHABETREA

LR

ARHE

KEMHE KEBH BEEMR (HRA)FHE
D2)ZE@E (D& MDXFE EX

FEYE

b

J1 15 B

1R

FEeih EHEE DD

b

HE

5 8 i

IFEHBE D2 ERE (M2 EHE

b

Rt

FrEth

Bi#E FxEOhasdg MO H@EHR M)IEHE
M)EE M)AFaxel (D) IMLFI-FMFEY

(B4) NI

SEH

T&H#FH

T&bhE @WEAH MD)ARMN BHEE NDHE

KEFH

TKEF i =]

KEEATE

At

BE 2

(D3)FEm@  (D1) &

X3

BERLC

EREHE EAIENEA GiRANLE FE B8 DI=EF

NICHe

R 28

WA IERNE B (D3)RER AN

EfaE

MIE 2

(PD)EE MMEEER S 28 EBHHLE BB &HF

D mmmm| m| e

O af

R

EEENE BEEESHE (HEA)Garcia M2V BIE £W/
ME K HFE BIRE =%

— | ] | (T |2 | = | 2N

gt

ITHER

==& (D2ERE MUEFR (DUE

=1

BWHE

(M1 ER

adal: 3

FAE—E

BEERSE (DA% (DUOEH# M2)EE FL MO FE&E [F (B4

D mm|m

& LR

&FH#B

MEERNE (PD)ZFE (DIEH(D1)V—L (M2, BF & E2
iM1) BE mE Z@

— =]

W B Bt

LEF

JEENE (D1ESLAFEE

(& et LB

Finimen

B M2MME

(BRI

ERH#

SRS (DIELR

D mm|m

FIHR

FEER

D2A=—52F (D2EEE DDYHE WTE MRS
MIEE HE

= | P3| P2 | P2

m

H B

Hp &

BINITES

m

HEH

HER/SL

PEHE LNANE EHNE WMRAESTF

m

= R R

EEE R

(MDBIE (M1)LEH# (B4R

&t

N | | = | —

17




-~ \:I:
H@EF A GEE  FFRARFE
FERR20FEIFIEN S FER2IF2H828HE T
AMPIAPT ATATATATATATATATATATATATATATATATATATATATATATARP[APIAPT AT ATATATATATATATATATARPIAPIATATATATATATATAT & 7
~ % Tl &7 7 1) b I | E < =] =] T H | 1t S S 21| K| 4 x| F| T L | & 4 X E - S S oA FEl&®x|F+ | R~ | BR|R| 8| &% L C p::] [m| =
AE / J S Y35 v]|E|E B 218 | & E J| & i i Bl ||| B &F|E)| / [ X | EFEIBR|E|E| E i i 2 | & |/ IR F|I || E| G S A F o B&
X4 . . E D2 I g1 R S Z| 7 7| % M = Y| 0 3 Bl | B v E|IR| & . T | & | x| &K C C fn 0 Ll R IR . g1 49 fil VIREB|E| RN [ D A T %
# 2RI Myl F+|F|v|E|RX]|E|HF| & 1M 2 N | E|l&n|&|x|B|lY| |2V IEB|BE|E|V vi]iTz|2|m|y]|v]| &R [ 7FlAl2|F|B || TP = 9 B
& E|E g ZlFI N ~|F| A& o|B|#|4|F|H|R|E|[F|F]|S5|E|=]|FT|H|F|K]|D D Flm|lxz| | |F]|F¥ S| B ® g2l F | x| 2| b #
F vl v > 1| ~ s || & v|iE|B|l#|lE|B|B|lY| S|~ A2|vvIvIE|s|H|ZE|[E|S|Z|F|L]|~]|> 14 | | & B|l~|42|T| % 53] =]
A B | ¥ Z | E D | 9 < A& | E2l1HE| X |41 I 3| n Al S| E|E| A K1 > | & S * > | & 3 L | & . S
it F |/ T E5] B N VA e JIRH|L|EBE|~]|T| x| &]| % oo E | | & T 2 4 {i i 2 [ F o fil
i ) % s E | E ] i S| 7| & n | LA | Y || 7|8 #=F|E| & Jla14 ]l || E| L U F =
: E (% - E 7 SRR ) FIE| T | % ~ | # Flz|lv|#w]| 7|27 c Az
p S 5 5 < | x| = . v s | & E | & vl vyl F| > A R B &
FS Z | % 3 "t c|<= | & p g "t S | g1F| v | & Y = 5 A
7 T | v T * V|c it %% v c | =& 2 VA A %
o L | = L v D [V ~ & Al g A 1 B
D T ~ 210D 3 ~ v F
x L B | % 7 A “ A | E
5 & IN F v | B
~ M e 5 fal
xt / T i\
ity S L H
T
U
K - K5 - AW 4] 101 71| 711 118] 957 79] 83 78] 10 1274 2 3488] 1908] 5396
=W - ZER 73] 133 11] 86| 526] 93 657] 240] 44] 62[2601] 476] 36] 336] 126] 197] 49] 1079] 2050] 98] 11 21 9005] 8315[ 17320
EEH 141 244] 121 357 863] 826 1689
hE - AR 15 18] 16 2] 22| 15 61 2] 159]  33] 192
R - INREF 25 46 1 4 8 30 6] 120 120
th B SR AR 1094 515] 621 299] 1243 1265 5037] 10636] 15673
Bit - KA 85 121] 33 156] 120 18 72 49 76 28 32] 790] 36] 826
MEER @SR
KEEE M
1B 1 57 2] 60 60
E=TE 4 6 58 4 72 72
A B 1 1 2 2
= XMEEZEHOFRERICEEND,
BA - BEEMRERE 452 85] 17 96] 68 718] 15| 733
=18 - ARH 1 6] 4 120 71 138 138
=3 22 1 4 4 30 11 72 72
1548 - THWH 1 14 5 20 20
Bk () - /A 1 2] 15 8 70 9 1 8 6 17 4 71 148 148
2 - &FH XEH - ZEMOFBABREICEEND,
L AR 2 2 1 1 6 6
AR (RXHEEARAELVZ2—)
ZEN (CRAYEFER 12 73 85] 960 1045
NI (EE#HETER) 2 8 10] 11 21
SR (EEMBAER 3 3 3
AW (FEET /N1 A FEFER) 8 8 78 86
Hb#H NMARART 19 RAER) XMAAEZEHOFRERICEEND,
WA USHIEFER) XEFHOFABABEICEEND,
SEM (ZRPEREHAER)
b E&F (ZYERERER)
AR EEHERD 214 31| 26 271 271
£t 1872] 73] 1070] 797] 88]1231] 2292 412 190] 957 128] 83 78] 10 2696 2] 666] 240] 45] 62[2601] 476] 44| 342] 126] 214] 49[1079] 2054] 98] 57] 260 123] 22] 15 439 76 21075] 22818] 43893




ATy FRIGEE - RRERHALKE | AR

FR20F3R 1AM FR21F2H28HET

TR bRGEE B = = i A % B
£ - S I S I o I G I G I S I S I S I G ] A I 0 2 [ S I - I ol | &| 3 A I Al X | E S| BRI A|M|IE | M| RA|B|E2|| DRI DNMNF|IF|IU]|ES|EH|E£|E| A A S S
B elels|lelelelelels &2l ]lssls2|]| B! |[r]|®wm|x|(L|T|A|[R|[B|E|E|F|2|&8|& |2 |z |aa|a|F|[B|B|B[T|/7|V|IEBE([|B|S|] ! |u]|lT| &
£ vlivilir|lvlvlv]iv]ivivIiIr]lE]l 7|l E]lFRrR|A|lB|X]D]O|A|[XR|~|IM]C|EB|lL]IC|M|BR|2|lA|lAEA|C|E|E|E|[Tl|A~A]lS|E|F|Z|lHFE] -] -|N]| &
| A El#|# | S| FT| T ||t |=]x] R M # o|lx|&]| ] ~]| R F 5 6 | ~ V|| ¢ Vis|lw | sl A] ALV C C C Rl T | ~ E| /N | & N I . B
EC NN V2N B T B SO I R VAN BVA I v |1 [ [ /<] /8] B 3 v il vyl 7] N [ 5 6 D |E |V D | % | = | L L L D R R R o| > | s|aq]| % b n M |
wly | s ||| M|« a40~]2% Ll vl v | E + ||l #&[2|0L] Y 10 5 2 | % | D = | fFE|P P P 7| | # || C|R|E 2| %] B A
R|IRA|#H|M\|M®|M||RX]|R]| e t|F| 2|4 B || F| & 2|4 A 0 0 B ¢ C C ¢ S |#®E| B w x| Al - N &E|E B
E| X | |m|m|m|B|B|# 2 ~ | ~ T | & Y| & A F F 0 v v v v | £ | % & b2 g v fal
gl | E|lT|xxlx|V ]|V~ 1] 2 S | & | v | % . M|~ |F D D| D] D T | B| B fli | X (3 A Ih
BE|VYIE|E®|&|&%|V |V e T|®& || & A = I I | an £ £} 5
Al B|IB|B|B|YV |V [ = I 7 i1 = N &%
%® ~|l~~131|3 = #® ~ B
B SR I 7212 2 B A
1) ﬁ% C 4 4 N F
vl E|P | %% Z i
AR - ~
Z T - | =
2|7
5 7
#w | A
B |
XE - X5 - NS 827 15] 15] 10] 29 5 1| 233 1| 266 1 35 36| 44 3| 34 210] 143 1908
=H - BEM 14] 12| 11 45| 15[ 1089] 1251] 1155] 1368] 16[ 1021] 1025] 268] 622 393 10 8315
EEFE 99 | 246] 481 826
FE - EBEW 8 8l 17 33
R - NREE
;th B AR R 1110] 569 569 4557] 1892| 1892 20 2 25 10636
Bt - KA 36 36
i 5% 2L £
KEFEH
A
A LA
PR
EE Xt EELRZEHOMNABRICEEN S,
BA - BEEMEREE 15 15
=15 - AR
1L O BF
1EB - £HH
FiE (&) - BB 9 9
Sl - &FH XEH-BEROFRABHEICEEND,
1L FB BF
AEH (REHEFARAELVZ2—)
RN (CADERER 960 960
JIEE (& EM AR 11 11
S (EEMEBER)
FEB BT/ N RAMHEFER) 33 45 73
B#t NMABRT4 IV RER) MGt HEZRZEHOMNBABERICESENS,
R (CAEFEER) XEFHOMBBEEICEEND,
AEN (ZTYEREMERN) 193 193
b E8f (ZYMEREHER)
AR (EBEHERD)
&t 827] 960 1125] 584] 10| 109 574] 15 1| 278] 4557] 1892] 1892 1| 266 1 35 36| 44 3] 54 2] 403] 168 14] 12] 11 45| 15[ 1089] 1260] 1155] 1368] 16[ 1021] 1025] 268 622 393] 10] 99| 246] 481 8 8] 17] 23020




R <F B ]

B

1y

-

4

) R s

Hi@E

BK 86 2% Hol oK fi- 4 B

179
422
121

42

155

455

160

34

1578

NONH & LB - R 4 oS 3 ol oK 1

113

2117

92
14

155

160

34

841

HOE 7 BE 3R 12 4 ol K - i i

I

4+
[~

66
145
29

28

455

131

<o<oa )NXKIF]

10

10

FER20FE3ATEN o FH2IF2H28HET

<Jwn—IkrXK&

<R NHK (P >Doa)

<< 4 [HE 41 H 4% 4ol

<R

< KTD »ifif

<mNERBEE

<P XKOMNDYH—

23

An—
N

CKUARR2KLDIBIDINDNIKIRY

A 1a/p (AP

%
N
BN

Fd N (oo — )

<ENKE— 2FEERENKRS (<u=—n—=)

21

21

<KBAEBHLIPYHDIHRAD

<w—o~NEHZLZNPVYHD HRAD

< -—BHZLZNYH>HRAD

< it Ho > o #

15

15

<BHo=>o K

<H WL KEKBOEHRK N XIES

15

15

<=<FRENRRKH (woro<)

12

12

<<THRERLH RN

ERRHID D
<C

SA—bnrARR

RN - KU D R E Sl
<C

<#ZHEINPr—aRHLNDYTH

<RHFEC AH (LOSM)

<EEHELNYHD kNS Hi

<%V RAIRHINKIFS

<HKFEFEIHL (cH -

a &)

12

< RIS B

< o I 35 B8 N U — < 1% o ) o

< -—om=z<cHIEED DK Y o =>a i

< -—o~HERENNK Mo =>o i

<I{INR=0w

40

40

<PNDNH_IONNXKOIRDYRNL

<< W=

<o {0 i R o 1 gl

<{M@FMELC— O

<PMXOENU—JER NS

149

149

<waoffR (ve)

<mWMoHrw=

< _RFECANH (wo )

29

29

<D IDD Y — IR

62

62

<k DYv+H

<ADAADAXIKS

11

11

<RHw=

EFEnd,

[a %
AN KUDNESHERBERNKIFY

RN - KUNEEMN-3ERE DN K Ik
<C

193

F AR |

193

i jm o@

(=BHETERE 2N ON LKD)

L et

- K%

A%

- MR

ZH
BEEFER

hE - {EBE

AN

- INRBR

- R

it B SR R
Bt

KEEED
AR
A lHt
PERR

BA - BERRNARE

- fAEB

&3
18]

i

=
=]

[T =f53
o]

- T

INABE

ik (&)

Bl - &FH
1L B B

AR (REMZARHAR L2 )
Tkt (CRAYEPER)

JIEsE (EREMHBERR)

Lot (EEMHHRET)

B

=
5] 2

FH (FEETNA AMBFEER
HEHE AABART 19 RER)

e CALZEER)

BER (ZTMBEREHERR)
Lot (EMBERZFEHRRR)

AR GEEHER)




A\

JAao Y b3t

FR20F3R 1AM FR21F2H28HET

NONHOLE - ERMEIRBDKFER <

113

271

92
14

155

160

34

847

fal

NHE= » =0l

10

10

<< S -

— i e

<— -zZzaoaxXZDdR

i UK %

20

29

<$H HE 4% HO 4K ol

42

e iR K| 4 F K

30| 42

30

o 83 8 L1 o> © <

S=NPFARRKRIKIEFY

20

20

AN hOgELEERE (<w=)

L ——oa

LR © oo g I B

20

20

R w o oo IR Kyl

30

30

TRiwoaNINK M R E i

REo=o

35

35

WML o> H

42

42

BEREco>on

39

39

WHRMPEL 10> —

37

37

SRIFRE R

H

=l

£

I

&R

ot

HWREEFEE o=

37

37

BHo=o

ARh20o=>a

e M- BB X Wi 2K B

FHo>ao N

nwu=E (owoou)

10

10

wm (owoouw)

10

10

KR KIF—N<w=

RE<w =

—Fo K™

<ae (Nmh - INID)

®IRKTD &

LRl (R

10

10

PIRXKHAI2 B+ NT—

O— 2 O O 1240 Ho 3

=ccwxom + v —=

15

15

BUF=ow

ARIXKTD™I S (N)

13

13

*RAIKLD & ()

40

40

BRMNII—A%

10

10

ScowHH~—" HN

30

34

64

SRR

KIkD T— (ul)

7AYoy bREEE

KUNKRLISYKEDINDIDDY #Eg (N IDY+R)

KUNKRINSYKEINDIDDY #E (> @@

NUNEXEERHHRE (—oa)

NUNETHEFEHR ($2 5 I8 iE)

18

18

NUNEEEESHHRE (2D

BN KU N T EER 5 ol

KUK KFOEXKTD »#i

160

160

NN S 15 4 Rl 4

25

25

B &0

Y-

PN

N

=M - #BEHR

BEEF R

e - Rt

- INRER

et

2
- R
S HEE

it B R

it
i

2

KEFEH

B
AR
PAERR
i B

A - BEREMARE

- B

&3
=]

i

=

[ITsgs
18

- THH

NS

i (2)

2l - EFH
LLI B B

ARS (REBEARAR L Z2—)

T (CHRYMEFER
NEsE (ERMBHER)

B (EEMBPERR)

1]

F

=
51 2

FHEB (1T /A AMBEELR)
HA# (A AORT 49 RER)

wRAw CREFER

aEH (ZTHERFEBER)
Lo (ZYMERFEHRE)

AR CEEHMER)




6—4 F/-REVIHHRE

21RO BIND @ 72 fE HAB S O FRHUIX, T /77 /a0 — IS EFT SAAF i sy
2T IMERFTORBSRIFENNLETHS, [T/ A EBHER 11T, ZOESEEL L2 5 SR FH
m@ D, F )70 )a— AN BT DB« A A B B FAR A BT S A 2 DR 5E %
AHy- Q%EPEI’J THEMET DT L% H OIS, AT B R SehERx &L Ok 1644 H 1 B ICRRE ST,
zl:b% 2E, ZOMuEEE M E L TRONIZERICHE D& JAKT /mL I/ hn =/ R - AL fa =2
bz 55 ﬁu‘_ﬂs@&m WL CTHaaET 2262 BRIEL TS, B 20 4EFEITLL T O@H a4 FE
%Lto

B 31[E Rk 204F6 A 12 A
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[Electrical control carrier mediated magnetism in (Ga, Mn)As]
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WORKSHOP SCIENTIFIC PROGRAM (Tentative)
September 25 (Thursday), 2008

4th International WorkShop on

New Group IV Semiconductor Nanoelectronics

Sep. 25(Thu.) - 27(Sat.), 2008
Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku Univ., Sendai, Japan

Tutorial Lecture 14:00-15:45 (4F Conference Room)

14:00-15:45 «0.13 um SiGe BiCMOS Technology for Radio-Frequency Applications”,
Bernd Tillack*?, Holger Riicker", Bernd Heinemann®, Alexander Fox®,
Dieter Knoll* and Wolfgang Mehr,
Y|HP, Germany,
“Technische Universitat Berlin, Germany



WORKSHOP SCIENTIFIC PROGRAM (Tentative)
September 26 (Friday), 2008

Session 0: Opening 12:50-13:00 (4F Conference Room)

12:50-13:00 Introductory
Junichi Murota,
Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical

Communication, Tohoku University, Japan

Session I: Invited Presentation (1) 13:00-14:30 (4F Conference Room)

13:00-13:30 1-01:
“Si passivation in Ge pMOSFETS: further developments and ce+ 3
understanding”,
Matty Caymax, Jerome Mitard, Koen Martens, Lijun Yang, Geoffrey Pourtois,
Wilfried Vandervorst and Marc Meuris
IMEC, Belgium

13:30-14:00 1-02:
“Epitaxial growth of ferromagnetic MnsGe; on Ge(111) and c++ 5
(001) substrates”,
V. Le Thanh, S. Olive-Mendez, A. Spiesser, L.A. Michez, A. Glachant and J. Derrien,
Centre Interdisciplinaire de Nanoscience de Marseille (CINaM- CNRS 3118),
Aix-Marseille Université, France

14:00-14:30 1-03:
“Patterned SiGe heterostructures through UV Excimer cee 7

Laser radiation”,
S. Chiussit, F. Gontad, E. Rebollar?, J.C. Conde?, C. Serra'?, J. Serra’,

P. Gonzélez' and B. Ledn’,
'Departamento de Fisica Aplicada, E.T.S.I.Industriales, Universidade de Vigo, Spain,

C.A.C.T.1., Universidade de Vigo, Spain

Session I1: Reqular Presentation (1) 14:30-15:10 (4F Conference Room)

14:30-14:50 0O-01:
“Visible photocurrent measurements in Ge quantum dots”, ce+ 9
P. Castrucci’, C. Scilletta’, E. Speiser’, M. Scarselli* and M. De Crescenzi*,
A. Ronda? and I. Berbezier?,
'Dipartimento di Fisica, Unita' CNISM, Universita' di Roma Tor \Vergata, France,
L2MP UMR CNRS 6137, Faculté des Sciences et Technigques, Campus de Saint Jerome,
France

14:50-15:10 0O-02:
“Low-Temperature-Processing Metal-Oxide-Semiconductor (MOS) cee 11
Structure Solar Cell Prepared by Cost-Effective Anodization Technique”,
Chih-Yao Wang and Jenn-Gwo Hwu,
Graduate Institute of Electronics Engineering /Department of Electrical Engineering,
National Taiwan University, Taiwan, R.O.C.

15:10-15:30 Break



WORKSHOP SCIENTIFIC PROGRAM (Tentative)
September 26 (Friday), 2008

Session I11: Reqular Presentation (2) 15:30-17:10 (4F Conference Room)

15:30-15:50 0O-03:
“Influence of HCI on the Low Temperature SiGe Selective Epitaxial
Growth using SiH;-GeH,-B,Hs-H,-HCI Gas Mixture by LP-CVD System”,

Y. Shimamune', M. Fukuda®, M. Nishikawa?, H. Maekawa', N. Tamura?, T. Mori?,

M. Kase? and S. Fukuyama®,
'Fujitsu Laboratories Ltd., Japan,
*Fujitsu Microelectronics Ltd., Japan

15:50-16:10 O-04:
“Quantitative strain estimation using C-V characteristics of strained
Si MOS capacitor”,
Mitsuhiro Inagaki and Satoru Matsumoto,
Faculty of Science and Technology, Keio University, Japan

16:10-16:30 O-05:
“Mechanism of strain relaxation in SiGe films grown on Si(110)
substrates”,
Keisuke Arimoto', Masato Watanabe', Toshihiko Yajima', Junji Yamanaka',
Kiyokazu Nakagawa', Kentarou Sawano?, Yasuhiro Shiraki?,
Noritaka Usami” and Kazuo Nakajima®,
'Center for Crystal Science and Technology, University of Yamanashi, Japan,
*Musashi Institute of Technology, Japan,
*Institute for Materials Research, Tohoku University, Japan

16:30-16:50 0O-06:
“Analysis of Uniaxial Tensile Strain in Microfabricated Ge/Si;.xGey
Structures on Si(001) Substrates”,

13

15

17

19

Takuya Mizutani*, Osamu Nakatsuka®, Akira Sakai®, Hiroki Kondo® and Sigeaki Zaima’,

'Graduate School of Eng., Nagoya University, Japan,
“Graduate School of Eng. Sci., Osaka University, Japan

16:50-17:10 O-07:
“Low temperature pre-epi treatment: critical parameters to control
interface contamination”,
Roger Loo*, Andriy Hikavyy®, Frederik Le}/sl, Masayuki Wada®, Brecht De \Vos,
Antoine Pacco’, Mireia Bargallo Gonzalez', Eddy Simoen®, Peter Verheyen®,
Wendy Vanherle' and Matty Caymax®,
YIMEC, Belgium, “Dainippon Screen Mfg. Co., Ltd., Japan

Banquet 19:00-20:30 (Hotel Bel Air 1F)

21



WORKSHOP SCIENTIFIC PROGRAM (Tentative)
September 27 (Saturday), 2008

Session 1V: Short Oral Presentation 10:00-11:00 (4F Conference Room)

10:00-10:04 P-01:
“Strain Engineering by Si:C / Si / SiGe Deposition into Cavity Formed by
Sacrificial SiGe Layer Etching using HCI”,
Yuji Yamamoto, Klaus Kdpke, Ginter Weidner and Bernd Tillack,
IHP, Germany

10:04-10:08 P-02:
“Transition from Epitaxial to Polycrystalline Selective Si Deposition
Induced by B-Atomic Layer Doping”,
Yuji Yamamoto®, Klaus Kopke®, Oksana Fursenko', Giinter Weidner,
Junichi Murota? and Bernd Tillack®,
Y|HP, Germany, “Res. Inst. Electr. Comm., Tohoku University, Japan

10:08-10:12 P-03:
“Formation and Characterization of Compositionally Step-graded
Gey1«Sny Buffer Layers for Tensile-strained Ge Layers”,
Yosuke Shimura®, Norimasa Tsutsui', Osamu Nakatsuka', Akira Sakai’ and
Shigeaki Zaima’,
'Graduate School of Eng., Nagoya University, Japan,
*Graduate School of Eng. Sci., Osaka University, Japan

10:12-10:16 P-04:
“Reduction in Surface Roughness of Epitaxial Ge on Si by Hydrogen
Annealing”,
Shin-ichi Kobayashi,

Department of System Engineering and Information Technology, Tokyo Polytechnic

University, Japan

10:16-10:20 P-05:
“Microstructure change of an As+ ion-implanted Sig g9Co.01/Si by rapid
thermal annealing”,

23

25

27

29

31

Shigenori Inoue', Keisuke Arimoto®, Junji Yamanaka', Kiyokazu Nakagawa', Kentarou

Sawano?, Yasuhiro Shiraki?, Atsushi Moriya®, Yasuhiro Inokuchi® and Yasuo Kunii®,

'Center for Crystal Science and Technology, University of Yamanashi, Japan,

“Research Center for Silicon Nano-Science, Musashi Institute of Technology, Japan,

*Hitachi Kokusai Electric Inc., Japan

10:20-10:24 P-06:
“Diffusion of Arsenic through Strained Si /Relaxed Si;_xGey
Heterostructure”,
Takamichi Sumitomo and Satoru Matsumoto,
Department of Electronics and Electrical Engineering, Keio University, Japan

10:24-10:28 P-07:
“Atomic Layer Doping of Phosphorus and Arsenic: Experimental and
Atomistic Modeling”,
S. Takeuchi, L. Yang, N. D. Nguyen, R. Loo, T. Conard, G. Pourtois,
W. Vandervorst and M. Caymax,
IMEC, Belgium

10:28-10:32 P-08:
“Formation of Ultra High Density Si-based Quantum Dots on Ultrathin
SiO,”,
K. Makihara, A. Kawanami, M. Ikeda, S. Higashi and S. Miyazaki,
Graduate School of Advanced Sciences of Matter, Hiroshima University, Japan
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10:32-10:36

10:36-10:40

10:40-10:44

10:44-10:48

10:48-10:52

10:52-10:56

10:56-11:00

WORKSHOP SCIENTIFIC PROGRAM (Tentative)
September 27 (Saturday), 2008

P-09:
“AFM/KFM Detection of Si-tagged ProteinA on HF-last Si(100),
Thermally Grown SiO, and Si-QDs Surfaces”,
K. Makihara, M. lkeda, S. Higashi, Y. Hata, A. Kuroda and S. Miyazaki,
Graduate School of Advanced Sciences of Matter, Hiroshima University, Japan

P-10:
“Application of Relaxed Ge/Si(100) by ECR Plasma CVD to Highly
Strained B Doped Si”,
Katsutoshi Sugawara, Masao Sakuraba and Junichi Murota,
Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku University, Japan

P-11:
“P Atomic-Layer Doping in Heteroepitaxial Growth of Si on Strained
SiyxGe,/Si(100) by Ultraclean Low-Pressure CVD?”,
Yohei Chiba, Masao Sakuraba and Junichi Murota,
Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku University, Japan

P-12:
“Formation of Nitrogen Atomic-Layer Doped Si/Si; «Ge,/Si(100)
Epitaxially Grown by Ultraclean Low-Pressure CVD”,
Tomoyuki Kawashima, Masao Sakuraba and Junichi Murota,
Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku University, Japan

P-13:

“Epitaxial Growth of B Atomic-Layer Doped Si Film on Si(100)

Using Electron-Cyclotron-Resonance Ar Plasma”,

Takayuki Nosaka, Masao Sakuraba and Junichi Murota,

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

P-14:
“Hole Resonant Tunneling Diodes Utilizing High Ge Fraction (x>0.5)
Si/Strained Si;«Ge,/Si(100) Heterostructure with Improved Performance
at Higher Temperature above 200 K”,
Kuniaki Takahashi, Takahiro Seo, Masao Sakuraba and Junichi Murota,
Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku University, Japan

P-15:

“Heat-Treatment Effect upon H-Terminated Structure Formed on Wet-
Cleaned Si(100) and Ge(100)”,

Atsushi Uto', Masao Sakuraba®, Matty Caymax® and Junichi Murota®,

!_aboratory for Nanoelectronics and Spintronics, Research Institute of Electrical

Communication, Tohoku University, Japan,
IMEC, Belgium

Session V: Poster Presentation 11:00-12:00 (4F Room 401)

(Boards for posters are available during Workshop.)

12:00-13:05

Lunch
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WORKSHOP SCIENTIFIC PROGRAM (Tentative)
September 27 (Saturday), 2008

Session VI: Reqular Presentation (3) 13:05-15:10 (4F Conference Room)

13:05-13:25

13:25-13:30

13:30-13:50

13:50-14:10

14:10-14:30

14:30-14:50

14:50-15:10

15:10-15:30

Z-01:
“Formation of Metallic Nanodots on Ultrathin Gate Oxide Induced by
H,-plasma Treatment and Its Application to Floating Gate Memories”,
Seiichi Miyazaki, M. Ikeda, K. Makihara, K. Shimanoe and R. Matsumoto,
Graduate School of Advanced Sciences of Matter, Hiroshima University, Japan
Session Introductory
Junichi Murota,
Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku University, Japan
Z-02:
“Transient Charge-Pumping Characteristics in SiGe/Si-Hetero-Channel
MOSFETs”,
Toshiaki Tsuchiya®, Keiichi Yoshida®, Masao Sakuraba? and Junichi Murota?,
"Interdisciplinary Faculty of Science and Engineering, Shimane Univ.,
? Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku University, Japan
Z-03:
“Ultra-low-power SiGe HBT Technology with Precisely Controlled
Si/SiGe Epitaxial Growth”,
Makoto Miura®, Katsuya Oda*, Hiromi Shimamoto® and Katsuyoshi Washio®,
'Central Research Laboratory, Hitachi, Ltd., Japan,
’Renesas Northern Japan Semiconductor, Inc., Japan
£-04:
“A Ku-band Low Noise PLL using SiGe HBT ECL Phase
Frequency Detector”,
Koji Tsutsumi, Masahiko Komaki and Noriharu Suematsu,
Mitsubishi Electric Corp., Japan
Z-05:
“Electrical Characterization and strain analysis with NBD method of
Gate All Around (GAA) Strained-Silicon-On-Nothing (SSON) MOSFETs”,
Koji Usuda®, S. Nakaharai, T. Irisawa’, Y. Moriyama®, N. Hirashita®, T. Tezuka’,
Y. Yamashita’, N. Taoka®, O. Kiso®, T. Yamamoto®, N. Sugiyama® and S. Takagi?®,
IMIRAI-ASET, Japan, 2MIRAI-ASRC, AIST, Japan, *The University of Tokyo, Japan
Z-06:

“Formation of Tensile-Strained Ge Layers on Ge;.4«Sn, Buffer Layers
and Control of Strain and Dislocation Structures”,

Osamu Nakatsuka®, Yosuke Shimura®, Akira Sakai® and Shigeaki Zaima®,
'Graduate School of Eng., Nagoya University, Japan,

“Graduate School of Eng. Sci., Osaka University, Japan

Break
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WORKSHOP SCIENTIFIC PROGRAM (Tentative)
September 27 (Saturday), 2008

Session VII: Reqular Presentation (4) 15:30-17:30 (4F Conference Room)

15:30-15:50 Z-07:
“Indentation-Induced Solid-Phase Crystallization of SiGe on Insulator”?, -+-- 65
Kaoru Toko, T. Sadoh and M. Miyao,
Department of Electronics, Kyushu University, Japan

15:50-16:10 Z-08:
“Fabrication of Advanced TiO,/HfSiO/SiO, Layered Higher-k Dielectrics -+ 67
by Atomically Controlled In-situ PVD-Based Method”,
Heiji Watanabe®, Hiroaki Arimura’, Naomu Kitano™ 2, Yuichi Naitou®, Yudai Oku’,
Nobuo Yamaguchi?, Motomu Kosuda?, Takuji Hosoi* and Takayoshi Shimura®,
'Department of Material and Life Science, Graduate School of Engineering, Osaka
University, Japan,
*Electronic Devices Engineering Headquarters, Canon ANELVA Corporation, Japan,
*Nanoelectronics Research Institute, National Institute of Advanced Science and
Technology, Japan

16:10-16:30 Z-09:
“Reaction kinetics on SiO, atomic layer deposition with tris-dimethyl c++ 69
aminosilane and ozone”,
Fumihiko Hirose®, Yuta Kinoshita®, Hironobu Miya?, Kazuhiro Hirahara®,
Yasuo Kimura* and Michio Niwano®,
'Graduate School of Sci. and Eng., Yamagata University, Japan,
’Hitachi Kokusai Electric Inc., Japan, *Shin-Etsu Chemical Co., Ltd., Japan,
“Res. Inst. Elec. Comm., Tohoku University, Japan

16:30-16:50 Z-10:
“Growth of 3C-SiC(111) on Si(110) substrate for graphene formation”, R
Maki Suemitsu™?, Yu Miyamoto®, Hiroyuki Handa® and Atsushi Konno',
'Research Institute of Electrical Communication, Tohoku University, Japan,
CREST, Japan Science and Technology Agency, Japan

16:50-17:10 z-11:
“Si;-xGey Epitaxy Techniques and Their Application to ce+ 73
Low Dimensional Devices”,
Yoshiyuki Suda, Hiroaki Hanafusa and Takafumi Okubo,
Graduate School of Engineering, Tokyo University of Agriculture and Technology, Japan

17:10-17:30 Z-12:
“Fabrication of Hole Resonant Tunneling Diodes Utilizing Nanometer- ce+ 75
Order Strained SiGe/Si(100) Heterostructures with High Ge Fraction”,
Masao Sakuraba, Ryota Ito, Takahiro Seo and Junichi Murota,
Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku University, Japan

17:30-17:40 Closing Remarks



CNSI - RIEC WORKSHOP ON

NANOELECTRONICS, SPINTRONICS & PHOTONICS

PROGRAM

OCTOBER 9" AND 10" 2008

University of California at Santa Barbara
1601 Elings Hall, California NanoSystems Institute (CNSI)

Thursday, October 9, 2008

8:45-9:00am.

Session 1
9:00-9:30am.

9:30-10:00a.m.

10:00-10:30 a.m.

10:30-11:00a.m.

Session 2

11:00- 11:30 p.m.
11:30- 12:00 p.m.

12:00-1:30 p.m.

Session 3
1:30-2:00 p.m.

2:00-2:30 pm.

2:30-3:00 p.m.
3:00-3:30 p.m.

Welcoming Remarks

“Electric-field Manipulation of Magnetization \ector —Toward Electric-field Reversal”,
Hideo Ohno (Tohoku University)

“Manipulating Single Spins and Coherence in Semiconductors”, David Awschalom (UC
Santa Barbara)

“Spin Coherent Transport in InGaAs Narrow Wires and Ring Structures”, Junsaku Nitta
(Tohoku University)

Morning Break

“MTJ-based Nonvolatile Logic-in-Memory Circuit”, Takahiro Hanyu (Tohoku University)
“Conservation Laws and Spin Motive Force in Magnetic Nanostructures”, Sadamichi
Maekawa (Tohoku University)

Lunch

“Ferromagnetic Metal Spin Wave-guides and Spin-wave devices”, S. James Allen (UC Santa
Barbara)

“Computational Design of Highly Spin-polarized Ferromagnet/semiconductor Interfaces”,
Masafumi Shirai (Tohoku University)

“Metallic Nanaparticles in Semiconductors”, Arthur Gossard (UC Santa Barbara)

Afternoon Break



Session 4

3:30-4:00 p.m.
4:00-4:30 p.m.
4:30-5:00 p.m.

5:00-6:00 p.m.

6:00-7:15 p.m.

PROGRAM

“Gallium Nitride Electronics Research at UCSB”, Umesh Mishra (UC Santa Barbara)
“Quantum Transport at MgZnO/ZnO Interfaces”, Atsushi Tsukazaki (Tohoku University)
“Structure and Properties of Complex Oxide Thin Films and Interfaces” Susanne Stemmer
(UC Santa Barbara)

Poster Reception & Refreshments

Dinner

Friday, October 10, 2008

8:45-9:00am.

Session 5
9:00-9:30am.
9:30-10:00a.m.

10:00-10:30 a.m.

10:30-11:00a.m.

Session 6

11:00- 11:30 p.m.

11:30- 12:00 p.m.

12:00-1:30 p.m.

1:30 p.m.

Poster Presentations

Opening Remarks

“Oxides as Semiconductors”, Chris Van de Walle (UC Santa Barbara)

“Nuclear Magnetic and Electric Resonances Based on v=2/3 domain”, Yoshiro Hirayama
(Tohoku University)

“Manipulating Single Photons Using Superconducting Quantum Circuits”, Andrew Cleland
(UC Santa Barbara)

Morning Break

“Nanoelectronic Functionalization of Nanocarbons by Controlling Their Inner Nanospaces”,
Rikizo Hatakeyama (Tohoku University)
“Energy Efficient Nanophotonics and Thermoelectrics”, John Bowers (UC Santa Barbara)

Lunch
Lab and Facility Tours

Individual Meetings (KITP, CNSI, Microfabrication facility, MBE facility, Material Research
Laboratory)

(1)’Novel Periodic Solid State Devices for Terahertz Emission and Detection”, Greg Dyer, Pavlos Sawvidis, Borys Kolasa, Jing
Xu, Jess Crossno, Gehong Zeng, John Bowvers, Shigeki Kobayashi, Peter Robrish, Rick Trutna, Dan Mars, Greg Lee, Greg
Aiizin, Eric Shaner, M. Wanke, John Reno, and S. J. Allen (UC Santa Barbara)

(2y’Manipulating and Engineering Single Spins in Diamond”, G D. Fuchs, F. J. Heremans, D. Toyli, and D. D. Awschalom (UC



Santa Barbara)

(3)’Hydrogen-Acceptor Interactions in SnO,”, J. Varley, A. Janotti, and C.G. Van de Walle (UC Santa Barbara)

(4y’Unique Photoluminescence Features of Freestanding Single-walled Carbon Nanotubes”, Toshiaki Kato and Rikizo
Hatakeyama (Tohoku University)

(5)"Contribution of Dresselhaus Spin Orbit Interaction in (001) and (110) Aly3Gag7As/GaAs Two Dimensional Electron Gases”,
M. Kohda, T. Kojima, Y. Ohno, H. Ohno, and J. Nitta (Tohoku University)

(6)’Dispersion and Attenuation in Nano-Structured Magnetostatic Spin Waveguides”, Alex Kozhanov, Zach Griffith, Dok \Won
Lee, Shan Wang, Mark Rodwell, and S. James Allen (UC Santa Barbara)

(7)Fabrication of Single Crystal Diamond Photonic Devices”, J. Lee, C. —F. Wang, J. Yang, R. Hanson, D. D. Awschalom, J. E.
Butler, and E. L. Hu (UC Santa Barbara)

(8’Microdisk Cavities for Enhanced Observation of Spin Coherence in GaMnAs Interface-fluctuation Quantum Dots”, T. L.
Liu, R. C. Myers, D. D. Awschalom, and E. L. Hu (UC Santa Barbara)

(9y°"MTJ-Based Vth Calibration Circuit Toward Design-for-\ariability Era”, Atsushi Matsumoto, Akihiro Hirosaki and Takahiro
Hanyu (Tohoku University)

(20y"Combined Approach of Density Functional Theory and Quantum Monte Carlo Method to Electron Correlation in (Ga,
Mn)As”, Jun-ichiro Ohe, Yoshihiro Tomoda, Nejat Bulut, Ryotaro Arita, Kazuma Nakamura, and Sadamichi Maekawa (Tohoku
University)

(11)’Quantum Well Intersubband Optical Devices Based on InAs, GaAs, and ZnO”, K. Ohtani and H. Ohno (Tohoku
University)

(12)”Nuclear Spin Phase Control in GaAs Quantum Well”, M. Ono, Y. Kondo, S. Matsuzaka, Y. Ohno, and H. Ohno (Tohoku
University)

(13)"Towards Ultra-High Quality Factors in Photonic Crystal Slab Nano-Cavities: Fine-tuning Simulations”, Fabian Rol and
Evelyn Hu (UC Santa Barbara)

(14)Spin Manipulation in Double Quantum Dot System”, Satashi Sasaki (Tohoku University)

(15)"Theoretical Studies on Magnetic Tunnel Junctions using Perpendicular Magnetic FePt Electrodes”, Mitsuru Suzuki, Yujiro
Taniguchi, Yoshio Miura, Kazutaka Abe, and Masafumi Shirai (Tohoku University)

(16)Spinand Charge in Polyhedral Nano Materials”, Katsumi Tanigaki, Ryotaro Kumashiro, Zhaofei Li, Jun Tang, and Ju Jing
(Tohoku University)

(17)"Self-Aligned, MBE Regrown Contacts for sub-45 nm 111-V MOSFETSs”, Mark Wistey Uttam Singisetti, Greg Burek, Brian
Thibeault, Austin Nelson, Jo&l Cagnon, Susanne Stemmer, Arthur Gossard, and Mark Rodwell (UC Santa Barbara)

(18) Electrically Controlled Quantum Coherences of Nuclear Spins in GaAs Semiconductor Nanostructures”, G_Yusa, K.
Muraki, and Y. Hirayama (Tohoku University)





