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Coerclivity change by electric field
In a perpendicularly magnetized
L1,-FePt thin layer

T. Seki et al., Appl. Phys. Lett., 98 (2011) 212505.
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Electric field control of magnetism in metals

Electrolyte
FePt / FePd double layer
M. Weisheit et al. Science 315 (2007) 349
Ultrathin Fe(Co) Solid state device structures
T. Maruyama et al. CoFeB
Nat. Nano. 4 (2009) 158.
Y. Shiota et al.
APEX 2 (2009) 063001.
M. Endo et al.
APL 96 (2010) 212503.
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Device structure for voltage application

MaqO barrier

Depo. Temp. : 300 °C

Bottom FePt layer
Depo. Temp. : 300 °C
Annealed : 450 °C

Hall device

Magnetron
Sputtering

MgO (100) Subs.

Layered structure
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Basic magnetization curves for FePt

FePt (1.5 nm) RT

Perp. gty

¥ In-plane |

M, ~ 1100 emu/cm?

K,~ 1.7x10’ erg/cm?
(1.7 X 106 J/m?3)

H, ~ 30 kOe

He, perp ~ 2 kOe€
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Hall resistance curves

-13V

R @. u.)
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3 5 9 0 1 2 3
H (kOe)

Ry = Ropg (H ) TRy (M FePt )"‘ Ryg

Ry : Ordinary Hall effect in the system
1 R,y - Anomalous Hall effect in FePt
| Ry : Background offset

teep; = 1.5 NM

Al-O (20 nm) ALD

90 (5 nm)
FePt (trept M) '

Magnetron
Sputtering

MgO (100) Subs.
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Coercivity change vs. electric field

Estimation of Electric Field
g0 =85 ¢M°=96, d"°=20mm, d“*°=5mm
. CAI-O -
Al-0 dAl_OnggO T 7é
V = N0, MeO | MgO AT-0 V=0.32) L
p r r Ch/[gO
dMgOg Al-0O -
MgO r
Ve = N0, Vg0~ jMgO A0 V=0.18V
Coercivity Change as a function of Electric Field
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Evaluation of magnetic energy change (1)

Change in Magnetic Enerqy per Sheet Area

1 M t —13V =—13V
Agt FePt = PSat {(j A}aHadldI{ ) (j A}aHalldI{ ) }
Hll
0.2] ' '
— [ —o— -13V , ,
% 0.1 13V | Aet =244 [ /m’]
—= 5 1 Applied Electric Field :
®
. AE =9.36 [MV/cm]
g
< -0.1
o
0.21_7 a9 20 21 2o A&g(V) = 2.6 [fJ /(Vm)]

H(kOe)

cf. (FeCo) ~30 [fJ/Vm], (CoFeB) 33 [fJ/Vm]
Theory: Pt/ Fe /Pt 72 [fJ/Vm]
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Evaluation of magnetic energy change (2)

Magnletlzlatlon clurvles 12001 Perp.
1000f  PerP —~
o ' In plane mE | |
= 500 ¢ In-plane _ n-plane
g o 3800 P |
e 0 E
L
S -500} 5 Ky
-100 i
ot o S 400
40 -20 0 20 40 .
H (kO =
(kOe) . H. =2 kOe

H. is phenomenologically expressed as 0 10 20 30 40 S0

H, = & (2K /M) = Nogg M, H (kOe)
H.~2 kOe, M,~1100 emu /cc, K,~1.7 X 107 erg/cc, N ~0 — a~0.07

AH, = a QAK / M,) - AK, = A¢e/a
AK (V) = 38.8 [fJ /(Vm)]
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L1, B FeNifRAI&E

Weight Percent Nickel
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Atomic Percent Nickel

RICFHEERE D SNIE NN E.
BARTIIESH (meteorite) RIZLMFELGZLYN.

hiEFRHIZKHER - K,=1.3%x107 erg/cm3
J. Pauleve et al., J. Appl. Phys. 39, 989 (1968).

meteorite
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2.867 A
~ \
bce-Fe (001) \4.054?
0%
\

4019A | 1 FFeAulBEIA S D ATAR
K. Takanashi et al., Appl. Phys. Lett., 67, 1016 (1995).

hcp BCoRUBRAIEED AT ER
K. Himi et al., Appl. Phys. Lett.,78, 1436 (2001).

L1, BFePtR A& EHEDIERRANE
T. Shima et al., Appl. Phys. Lett., 80, 288 (2002).

fcc-Au (001)
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[Fe(1 ML)/Ni(1 ML)]x,

Buffer
(Cu-Au-Ni)

MgO(001) sub.
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