2011 2013

Recovery of half-metallicity of oxide surfaces and its application to spin injection
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Half-metallic ferromagnets are important materials in the field of spintronics, bu
t the spin polarization at their surfaces or iInterfaces is usually much lower than 100%, causing the tran
sport properties of the devices much lower than expected from the bulk spin polarization. We have previous
ly reported that the surface spin polarization of Fe304(100) can be drastically improved by hydrogen termi
nation. In this study, we analyzed this phenomena for an Fe304(111) surface and tried to utilize it for i
nducing high spin polarization to adsorbed molecules. We clarified that the spin polarization at the (111)
surface is positive unexpectedly and is not improved by H termination. This would originate from the fact
that the tetrahedrally-cordinated Fe terminates the (111) surface.



100%
(TMR)

Fes04 Fe;0,

(858
K)

Fes0, TMR
20%

(He*) Fey0,4(100)
-5%
-50%

-100%
[ , PRB81, 193402 (2010) |

@)
@

[ He*,(19)(29),
Ms=1
( He* )

19.8eV]

He*
100%

He*

Fe304 (100)
MgO(100)
(112)

Fes04(111),(100) (
5x5x1mmt) Ne*
(1)Fe;04(111)

He*
Fes04(100) (111) ( 1)

(En)

14eV
Er [P(ER)]
[ , PRB, 81,
193402(2010)] (100)
P(Er)
wH=4T
<«—
He*
..... <o
3
IS
Vs T
Fe,0,(100) Fe,0,(111)
70 = HSE 00 —=—#sm
o KRRIE o KFEHHE
{\;l- 50 | res % 0 _!,1_:..., ...........................
% s E 5
N® T “{wo 3 *e
E‘(J 20 F %715 i '
ol T, . '+I
HHEE (V)
1 He*

Fes304(100)
(111)



(111)

P(ER)
(100)
Fes04(111)
FesO, Fe**
Fe**
(111) Fe
Fe
® o
o Fe_tet
. Fe_oct
| (a) Subsurface —— Spinup |

Fe

o tet1

--== Spin down :
A\
L //\\ //\\/\,’\ |
ol Y < N /\".\L -
|
(b) Surface Fe,,, . |
n -
\ " . \
N ,I\ /, Y=y /./I\
N, a2\ A =

density of states (arb. units)

-6 -4 -2 0
energy(eV)
Fes04(111)
(Fe_oct subsurface )
Fe
(top view)
Fe tet
Fe oct Fe
subsurface
4 Fe
4 Fe
Er [
2(a)] Fe*
Er [ 2]
Fe
spin up
He
P(EF)
Fe;0,

4 Fe
o1 02
01
o1
(111) Fe
01 Fe
o1
4 Fe
(100)
6 Fe o1
Fe;04(111)
-80%
4
Fe
Fe304
subsurface
(111) Ec 6
subsurface
(111)
(2
He'
Fes04(100)
CO,
Fe3 04
Er
Fe3 04 EF
(100)
Er
LSMO
6

X. Sun, S. D. Li, B. Wang, M. Kurahashi, A.

Pratt, Y. Yamauchi : “Significant variation of

surface spin polarization through group IV

atom (C Si Ge Sn) adsorption on Fe;04(100)”
Phys. Chem. Chem. Phys. 16[1] (2014)

95-102 ( ).

S. Entani, M. Kurahashi, X. Sun, Y.



Yamauchi, “Spin polarization of single-layer
graphene epitaxially grown on Ni(111) thin
film” Carbon 61 (2013) 134-139 ( ).

X.Sun, S Entani, Y. Yamauchi, A. Pratt, M.
Kurahashi, “Spin polarization study of
graphene on the Ni(111) surface by density
functional theory calculations with a
semiempirical long-range dispersion
correction” J. Appl. Phys. 114[14] (2013)
143713 [3 pages] ( ).

A. Pratt, L. Dunne, X. Sun, M. Kurahashi
and Y. Yamauchi, “Energy-level
alignment at the Alq3/Fe;0,4(001) interface”
J. Appl. Phys. 111[7] (2012) 07C114 [3

pages] ( ).

A. Pratt, M. Kurahashi, X. Sun, D. Gilks and
Y. Yamauchi, “Direct observation of a
positive spin polarization at the (111) surface
of magnetite” Phys. Rev. B 85 (2012)
180409 [4 pages] ( ).

M. Kurahashi, X. Sun, Y. Yamauchi
“Magnetic properties of O, adsorbed on
Cu(100): A spin-polarized metastable He

beam study” Phys. Rev. B 86[24] (2012)
245421  [6 pages] ( ).

9
A. Pratt, M. Kurahashi, Xia Sun, Y.
Yamauchi, “Advances in the use of a

spin-polarized metastable helium beam to
characterize surface magnetic properties”
20th International Workshop on Inelastic
Ton-Surface Collisions, Adelaide 2014
/02/16-21

> LI ——

72013
2013/11/26-28

Andrew Pratt, Yu Jeong Bae, Xia Sun,
Nyun Jong Lee, Tae Hee Kim,
‘ /

” Japan Society of
Applied Physics Autumn Meeting,
2013/09/16-19 :

A. Pratt, M. Kurahashi, Xia Sun, Y.
Yamauchi : “Tailoring surface properties for
molecular spintronics” JSPS York-Tohoku
Symposium on  Spintronics York,
2013/06/10-12

A. Pratt, M.Kurahashi, Y. Yamauchi

“Tailoring surface properties for molecular

spintronics” Invited seminar at EWHA
University Seoul Korea, Seoul, 2013/05/13

A. Pratt, M. Kurahashi, X. Sun, Y.
Yamauchi : “Tailoring the spin polarization
at the surface of Fe;04”
ITUMRS-International Conference on
Electronic Materials, Yokohama, 2012,
2012/09/23-28

A. Pratt, M. Kurahashi, X. Sun, Y.
Yamauchi : “A spin-polarized metastable

helium beam for organic spintronics” 4th
International Meeting on Spins in Organic
Semiconductors, London, 2012/09/10-13:

A. Pratt, M. Kurahashi, X. Sun, Y.
Yamauchi : “Intrinsic spin polarity at the
magnetite Fe;O, surface” The 24th

conference of the EPS condensed matter
division, Edinburgh, 2012/09/02-07 :

A. Pratt, s S

“Direct evidence for positive

polarization at the Fe;O,4(111) surface”
, ,2012/03/24-27

spin

2013-256398
2012/6/12

http://samurai.nims.go.jp/KURAHASHI_Mit
sunori-j.html

o

KURAHASHI MITSUNORI

10354359



