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WFZERC RO EE (330) : Electrons have two degrees of freedom, charge and spin. The former
is the basis of semiconductor electronics, and the latter is the origin of magnetism and
applied to magnets. In normal metals and semiconductors, the spin angular momentum is
zero in average, but in ferromagnets, it is non—zero. As a consequence, the current in
a ferromagnet has a flow of spins (spin current). In the present research, we have shown
that the novel phenomenon called spin Hall effect becomes large in metals. We also have
shown that the spin current can be created by current in ferromagnet /semiconductor
(graphene) junctions, and that the effect of magnetic field on the current is large in
these junctions. The result indicates an applicability of these junctions to novel
devices.

AR E R
(EHHAL - )
[ERESES LiEESES s
2007 4F 3, 600, 000 0 3, 600, 000
2008 4 4, 500, 000 0 4, 500, 000
2009 4 4, 500, 000 0 4, 500, 000
2010 4F 2, 100, 000 0 2, 100, 000
&t 14, 700, 000 0 14, 700, 000

WHoEsr e - tEElEm, Av v br=72

PR D53 - M - B - bE 11

F—U— N BEIEEERES, AVTEA, Ao, AV AR—RR, SRR S
77 = UBRE, N—T A Sy, BRI S

1. BFZEBRAE S M) D75 5 O, Bt EEOEbABSE (A fr=
1980 1, &BZREEICRIT 5 ERBR 7 A) PERBEBRRDLZ LI o7-, 1990
HKH 4 B (GMR) & BB #HkE A O3 R X FEARTHRBINE b o R VBB ICBIT D b X



NSRBI R DB R S, A hr=
7 AR B IEHER < TS HBRRZE X HITTE
g Lot

GMR <° TMR [3R351C K 2 EicHlE T H
b, ZHUTKL, BEFIC X DREMERIE (AL
D7l OHIEE) D AIHEME N BRER AV FRE S H,
Z DOFEBRIIEZED 2000 FERGIDITIT RN
7. I K DR MELITE T DR A
v AER RN BIERICBITT A0k
Uh, 2O LEALEY ML BRBEMERICE)
EFERBT D, AL ML OLTHTHE
DEIRDHWINKERFEO—D>ThH o7z,

ZOBRIIAE DAL (AU B
o b LEIND, AL ML O
TNEFRIZ IR o722 5, oA i &
HAR—VEHER (AE U R— V28 DB
ICHRESNTZ, 5 OFFRIZEEARI 9
HHDTHY, ERICBITAAE L HR—L%)
BRED I DTN HONT HERM - 2L
ErIENLTAU /N S b A GLAY el

fih 5, GMR <° TMR (X3 TlZ& v Hidis
HAEIn Tz, Ay ha=7 A5HICET
DI EE LT, YEAA~RE &
AL, PEREBMEROEL RO T
INA ZADBAFRICHIE N F - T\, 2Dk
T HNA A EFIET H-DIIE, gk
NHRILS AUV EEATDHZ ENMAET
HD, ZOWERITHIHNLED STV Z3,
ERIIREER LD TH o=, BT TN
A AR, HiniEHt 2 L E LT AR T
HoT,

2004 2, 77774 NEREETHDL
T 7 2 N TETER SRS Z R
WAEXNT, VT 7 o TR E TIREER
AL, HXERDEPBEOYE THIETE D
HLOL L T—BAEBEEINDZ Lo Tz, 7
T 7z I P a Xy RERE TN
5 2WITTWE THDHT-0, SRGMER & AE
D LA MEEB R NGNS,

ZOX D el END, LU O A B

Z1L7.

2. WFFEDOHW

Btk S EICB b A A ha =T Ay
WICBITHAEERF—TU— NL, T#WHE X5
TEICHIE ) & TR X 2MERIE) Th 5,
AT, AV RBER (A0 1E
AT X D A B HiliHEh 5 o BRI g 2 H
B &L, ROMIEEITZFET 5,

(1) BEMEIR/GaAs kv R AERICBIT S
AV UCEANDRFHREZFEITL, BIEROAE
HEANERINDEMZHLNCT 5,

(2) RE7ACUVHLUEMHAEREZHET 54
BT 5 A s — L h B O g % fif ]
T 5,

(3) FraveEcHDT7 77 =RV

FREEMEE B IC B T DI BB R ORI EZ &
MNTT D,

(4) sREEMERERRIARZ e B RS
BIDLAEEAN VT OFEAZITY, TMR
& DR A 6 NICT D,

3. WrgED Hik

AT FIE S Bl S 2 L — a V&2
A LB e ch b, L +5ME -
EARDEFIRIEL LT TE BT HEN
RLEDOERND SRR TH B,

2007 4T, B S 2 L—3 g ITEE A
T 57 b eon— ROEfEZITVY, 2008, 2009
FREIZIIPDWIEEZ 1 ABA L, Bifv 2
2l —yarEFET L,

4. WFIEEE

il ST BFZERR IS T D R RIT LA T
DERBYTHD,

(1) 9RELMEIR/GaAs b v R LVEESITEHIT

DA UTEAN

AV FETOERBICHT, RNEAs/
BREES, L <IZFe/Gahs EERIZBITH A Y
VIEANIERE, va vy N —EEED H HHLE
BRI 2 W TR LTz, T ORISR Gads A
va vy bR —[EEBENITIERL S 1D S g
IREENSBRRENE Fe DBEBIRIELRKT D Z L
WXV RSB L, v ay FF—[EEEE R
BT DERDOA L AMARGFENHERIND 2
EMABL NI 5T, HFFIZ Fe il 6 GaAs ]
B PBET HBEOAE RN EA L
IDNA T AEENH D EERALMNTL
Too THUD DOFERIT, SREIMEIAR/ B IR S
ERLUZXT L CRERBHEZ 522D TH
D

(2) &RBIIBIDZAEHR—L2hE
O EBEBSROAVR—NLhRE, BLFEW
EEE L EFN A VELEMEER (LS &
B) EROANTHEEI T2, PERE
1 L CHREVMI K& 72 A B ViR — AR B JE )
Bonl, ZNnNHoORERT, ERERERL
ST LD E R oTWS, S5, BBE
BIZBIT DA R — VRO R — %)
RiZIE, BUEDO XA F 7 AZHFKT HELE
R VRPN AREIEE 2R 225
M L7,
@ 2WERTHHITT7 7k LTH
FRERfir 2B 272 o7z, 7 =L IHENLTD
AR IREET/NSWS DD, T T
= VEOIEEHMEEZ T A5 &, Rashba Y
AV UCHIEMBEERNAEL, AV HR—UE
HENRHEBINDLGZ EEZHLNT LT,
@ BREEMERCRL T % & o R R I Z B8
FL R — VIR & AR & ORI B 72
BandH 5 Z ERME SN TW5b, FERMES



JB DAY R — AR & ERARPTO R
WX LRI RWSE SN e 24— 1"—D
WEERAZHWSDZ LIk, ZoREEZ
THILENTE T,

(3) #RmME/ 77 7 =V BERICEH

ESEIEEARTIE S

777 x v LiREMEIR & OBEE RIT, FiH
WetE/ AT R 2 L LTI SN D, e
ROEIRAE S L CHM R b B 52 p0#R
PHRAL, ThEFnNE 8Dy Ial—v
3 EATIR o T, FEMIZRRATIZ LD, K7
WEAHRTUD R OFEBIHAE & L TSR mICE
Hé%%%%@%ﬁﬁ%%ﬁ%é:kﬁ%%
W7 oTz, F-, \EFHELLHREIC

k> R IARE TR m#m%ﬂwéﬁé &
LA LMo T,
INHDORERIL, VT 7 =BV ES
ROERI R L EERERE G2 H5HETH D,
(4) s EREEICBITD A U EA R

v

RSB D A UIEAN b
v OIEFTHIRNZEHT 5 2 LIk L
7o ZOFRXNE, TMRREMAHE S O
T A ik, ENTFhoHR
MOR#EZ D Z ENTE B,

% W

5. TRRER
(WFgefRzs. Wroe
=Y

Gy K OSEEERT IR 12

(MRS ) (Gt 29 1)

@O Bias dependence of spin-polarized tunn
current through Fe/GaAs and Fe/GaAs/H

junctions, S. Honda, H. Itgland_J. InoueJ.
Phys. D Appl.
(2010). (&7if)

Rev. B82, 033402 (2010). (%)

exchange coupling in GEINSi/Cr/CoMnSi
trilayers, W. Kakeno, S. Honda, H. It@md

J. Inoue Phys. Rev. B82, 014413 (2010).

(ERLAT)

Phys43, 135002~135012
Magnetoresistance in FM/graphene/FM la
eral junctions,_S. HondaA. Yamamura, T.
Hiraiwa, R. Sato, J. Inouand H. Itoh, Phys.

Ab-initio study of magnetic structure and

Spin Hall effect in a curved graphene wit
spin-orbit interaction, T. Kato, S. Onasnd
J. Inoue Physica E,42, 729-731 (2010).
(EHA)

Numerical simulation of GMR in magnetig
multilayers and granular films, Y. Yamagish
S. Honda, J. Inouand_H. Itoh Phys. Rev. B
8L%M%1~5@mm(ﬁﬁﬁ)
BRERBIZBIT L RER—AHREIT
AV ARV, MR, CEER, JE

(s
1

=)

FIE—BR, AARMEESEE 65 No4, 239

— 246 (2010). (&FEH)
Giant Orbital Hall effect in transition metals:
origin of large spin and anomalous Hall ef-
fects, H. Kontani T. Tanaka, D. S. Hirashi-
ma, K. Yamada, and J. Inqu@hys. Rev.
Lett. 102, 016601 (2009). (& #HA)
Anomalous and spin Hall effects in magnetic
granular films,_J. InoyeT. Tanaka, and H.
Kontani Phys. Rev. B0, 020405(R) (2009).
(EHA)
Giant Instrinsic Spin and Orbital Hall Effects
in SLMO,4 (M=Ru, Rh, Mo),_ H. KontaniT.
Tanaka, D. S. Hirashima, K. Yamada and J.
Inoue Phys. Rev. Lett.100, 096601 (2008).
(EHA)
Study of intrinsic spin Hall effect and orbital
Hall effect in 4d- and 5d- transition metals, T.
Tanaka, H. KontaniM. Naito, T. Naito, D. S.
Hirashima, K. Yamada, and J. Inguehys.
Rev. B77, 165117 (2008). (#3

W)
Intrinsic anisotropic magnetoresistance in
spin-polarized two-dimensional electron gas
with Rashba spin-orbit interaction, T. Kato,
Y. Ishikawa,_H. Itohand_J. InougPhys. Rev.
B 77, 233404 (2008). (##Hif)
Intrinsic spin Hall effect in graphene, Nu-
merical calculation in a multi-orbital model,
S. Onarj Y. Ishikawa, H. Kontani, and J.
Inoue Phys. Rev. Br8, 121403(R) (2008).
(&EwiA)
Spin polarization control through resonant
states in an Fe/GaAs Schottky barrier, S.
Honda, H. ItohJ. Inoue H. Kurebayashi, T
Trypiniotis, C. H. W. Barnes, A. Hirohata,
and J. A. C. Bland, Phys. Rev.7B, 245316
(2008). (#&#HiH)
Study of intrincic spin and orbital Hall ef-
fects in Pt based on a (6s,6p,5d) tight- bind-
ing model,_ H. KontaniM. Naito, D. S. Hi-
rashima, K. Yamada and J. Inguk Phys.
Soc. Jpn.,76, 103702-1, 4 (2007). (& Hi
)
Anomalous Hall effect in spin-polarized
two-dimensional electron gas with Rashba
spin-orbit interaction, T. Kato, Y. Ishikawa,
H. Itoh and J. Inoue New J. Phys.9,
350-(2007). (&#HA)

(3R] (Gt 58 1)

)

Semiconductor and graphene spintronics, J.
Inoue Progress in Spintronics and Gra-
phene Research, June 7 — 11, (2010) KITP
China, Beijin, China.

Theoretical studies on spin injection, J. In-
oue S. Honda and H. Itoh 11" Joint
MMM-Intermag Conference, Jan. 18-22,
(2010) Washington, DC, USA.




(FE) Gt 414F)
O RAE» bv=7 2R, HEIE—,

@ Spin-orbit interaction and spin injection in

® GMR, TMR and BMR, J. Inoye“Nano-

@ 2WICHEEIEDO ALY UHIEM AN &

6.
(D BFFEREH

77 7 = CITEMEESRICR T DR
gu (FlGm) R LIE B8, AASH L
= EIIKRT, 9/9 (2009).

Quantum transport in graphene and gra-
phene junctions, J Inou®ASPS13, Sendai
1/27 (2009).

Spin and orbital Hall effects in multi-band
models,_J. Inoue421 WE-Heraeus-Seminar
on “Spin Hall Effect”, 20-23/Oct. (2008)
Bad Honnef, Germany.

Spin and orbital Hall effects in transition
metals,_J. Inouelnternational Workshop on
Spin Phenomena in Reduced Dimension,
24-26/Sept. (2008), Regensburg, Germany.
Spin injection and filtering effects in
Fe/Semiconductor junctions, J. InQus.
Honda, H. Itoh A ARSI 72, #HALSERE
K 9/12 (2008).

Spin and charge transport in 2DEG with
spin-orbit interaction,_J. InoueSpin and
charge flow in nanostructures, June 27-30,
(2007), Oslo, Norway.

Novel electron-transport in spintronics, J
Inoue International Symposium on “Fron-
tiers in Computational Science of Nanoscale
Transport”, 7-8, June (2007), Tokyo Uni-
versity of Science, Tokyo.

GBI, BURGEME - AT 3, 3T
Hi(2010)

semiconductors, J. InopéEpitaxial Ferro-
magnetic Films and Spintronic Applica-
tions”, chapter 13, p311-333, Eds. A. Hiro
hata and Y. Otani, Research Signpost, Ker
la, India, (2009).

magnetism and Spintronics”, chapter 2,
p15-92, Elsevier, North- Holland, (2009).

T, HEIE—BR, Kk BB, =&
Hyivykm:ﬁxmgﬁ&ﬁﬂ-m

AT D i) pp. 105-115,mAL0L %
Bifs, L—x A —HER (2009).

W FER A

L
1

£ JE—ES (INOUE  JUNICHIRO)
AR « KRG LA 5eR) - Baw
WFJEE %5 60115532

(2) Wrge sz
#4 # (KONTNI  HIROSHI)
HEBRKEFE  REEBEHETER - R

W78 3% 5« 90272533

Gt fdi4r (ITOH HIROYOSHI)

RATE R - B SRE - HEH?
W78 3% 5 © 00293671

KA%  FH—EB  (ONARI SEIICHIRO)
HEBRE - KEFBE T 20508 - Bh#
W73 5 80402535

(3) HHENTIES 7oL



