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The voltage-controlled magnetic anisotropy (VCMA) of the relatively thick CozFes) (X nm)/Gd (Y nm)/GdziFer (9
nm) free layers on an MgO insulating layer was investigated for its application to optical devices. The VCMA change
of the entire free layers was observed with a CoFesy/Gd layer of less than 1 nm, despite the estimated VCMA
coefficient was 5.84 fJ/Vm at most. It can be attributed to the VCMA effect generated in the MgO/CozFeso interface.
The CoxFeso/Gd film thickness dependence of the VCMA was evaluated, however it was mostly unchanged. On the
other hand, the VCMA was greatly improved by inserting a Th-Fe-Co underlayer between an electrode and an MgO
insulating layer. The VCMA coefficient was increased to 21.8 fJ/Vm. We consider that the increase of VCMA effect
was attributed by the improvement of the crystallization of the MgO/CozoFeso interface.
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Fig.1 (a) Structure of film stacks of fabricated
devices. (b) A schematic illustration of our
measurement set-up for VCMA. (¢) Micro-
graphs of our device.

3. RERER

3.1 CozoFeso/Gd BEIZ&K 57 ) —BOHSRIEFE
CoxoFeso/Gd JEDOIIE N 70 538 72 VERLL, BEKURFIEZ A L

7-. Fig. 212, Ag & 12 MgO/CooFesy/Gd/GdaiFerg ZHUE L

= FATBW T, CogoFeso =% 0.3 nm (Z[HE L, GAfFIE% 0 nm,
0.1 nm }L 0.2 nm & Li=5E1, %77, MgO/GdaiFer % i
LIZHEFDH—E AT ) S 2ZN—T %753, GdaiFern HEDYHA,
AL, PR 805 Oe DI AT T DIZxI L, CooFesoE
EARANTHZ T, 7 VBTt A R Lis. 202 E0D,
MgO 57> CoxoFesoJ&@l3, Gd JEOA T X &9 HATIImPRE:
fbThs EHEEND. FT2, GAIEO0nm (23T, ATffER
Hsi% 4.2 kOe ThH-7223, Gd BEAFRAT 5 2 & CHREREI
TSRS S AL, BRI % & & BiZ, 1.6k0e F Tl LTz
WIZ, GdBIE% 0.2 nm IZEE L, CogoFesoFIE % 0.25 nm 35 X
N 0.3 nm & LIEEFON—E AT Y U 2—T% Fig3 lTRT.
CoxoFeso i< 725 &, Hs7’ 1.6 kOe 75 0.7 kOe (2R LT=.

INBOFERND, ConFesd/Gd/ GdaiFers 7V —J&Tld, 1nm (2
BT 72O FERTTHER Y CogoFeso/Gd FURIDIBAERI IS UC, JEE 9
nm @ GdaiFen &% 577 U —J@ERORERI IR E <4
B2 2 Enbhd.

— 0.2
9
B Gd Fe(9)
Q
= Gd(Y) '
2 CoyoFes(0.3) :
g [ Mz0 | !
« 0 Ag electrode | 1 H
_5 ! |——Gd(O nm)
" ! [—GdO.1 nm)
§ """ ' [——d0.2 nm)
& ----Gd-Fe
N -0.2 |
-5 0 5
Magnetic field [kOel

Fig.2 MOKE hysteresis loops of a Ag electrode
/MgO/Co20Fes0(0.3 nm)/Gd(Y nm)/Gdz1Fers
and (dashed line) a GdaiFers single layer
devices.
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Fig.3 MOKE hysteresis loops of a MgO/CoxFeso (X
nm)/Gd (0.2 nm)/Gdz1Fer device.
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Fig.4 MOKE hysteresis loops of a CosFesy (0.25 nm)/Gd
(0.2 nm)/GdaiFery free layer with and without an
applied DC wvoltage. The figure above is an

enlarged view.
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Fig5 MOKE hysteresis loops of a MgO/CogFes (X
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nm, (b) Gd=0.1 nm.

Transaction of the Magnetics Society of Japan (Special Issues) Vol.2, No.1, 2018 17



7291213, Gd & CoxoFeso DIFEDMZ G2 5 F BRL, #:
RIS E T DB 5. LIRS, ZORER T,
L ED HIIFTE RN EER HND.

25 ,

’g ®Co-Fel0.25)/Gd(0.2) @Co-Fe(0.3)/Gd(0.1)

% 20 ©CoFe(0.3)/Gd(0.2)  @Co-Fe(0.4)/Gd(0.1)

-“'—4:- ®CoTFe(0.4)/Gd(0.2)  @Co-Fel0.5/Gd(0.1)
Q —_ -—

s Gd=0.2nm 'y, Gd=0.1nm
3 10 N M e S <
8 , -7 ® - ”,’ - @
4: - - ’. .
S| 0 -7 e _.--
= —
=

0
0 2 4 6

Saturation magnetic field [kOe]

Fig.6 Dependence of VCMA coefficient — saturation
magnetic field.

3.4 Tb-Fe-Co/CozoFeso FHEEIZ & 5 VCMA HRDIEX

Fig. 6 {5k L72 VEMA #2503, Wb MgO HagdEor Fic
Th-Fe-Co/CozoFeso FHIEZHTHHET? OfE (21.8£)/Vm) &Lk
LTSN R Ch o7 AHTIE, Th-Fe-Co/CogoFeso Nt D
FEAIZ LD VCMA SO RIZ OV TIRRIET 5.

7 U —Jg%, CogFes (0.25 nm)/Gd (0.2 nm)/GdxFer (9 nm)
/Ru @Bnm) & L, Th-Fe-Co/CoFesy FHIEDIRARIRIZINT Dk
SR LT, Fig7 IC FHBOA I X 27 ) — B OREUr
WaRmT. RN THIED Y, FR THEORNETOERT Y v
AN—TFToh 5. FEARNTHNBLLEZRL QN7 U—Ea, T
HUEORIAIZ LD, AR 1, (767 167 Oe DREERY LA LT

WIC, HARPiAE L. THIESD » OFFOmBEDT RA
BIOMR Lol £12h 1400 MQ um? & 25 % (31 7 A
TEE100mV) Th-orz. ZIUTKL, FHEDZRWHETTIZRA
DL, 400 MQ um?2 & KIESED Lz

FHUEORIARTE TR TR JBEREHAFMIZ L 5 MgO OFifi
S ZAIE LTz & 2 A, PUUHEE A E Ralidv g4 0.3 nm
TREE LI A BN o T

INHORRE XY, TbFe-Co/CoxFeso FHIEIZ LV,
MgO/CozoFeso D bAMIEE S, HEASEIT 5 & &bl St
1> CozoFeso |ZFAL S D THERGILFIEAHIR LTz & B2 B
2.

TEREERM AV V2 Ag TR, fec(L1DIEITANM LTV 5720, X
BT L 5 BE— 2 13RO 00, MeO #igEs LU
—JERE D ComFeso b fec(IIDEIESHEIM L TN D LB B
B, ZXUTH L, Ag HEBE MgO fixiE & ORICIERE D
Th-Fe-Co FHEIMFASIIZZ & T, MgO-MTJ ORFZE TS
OXIUTND & 51T, MgO/CozoFeso E23001) FEHAMiEte i1, ik
EMENUGE L= L E X BS.

— 0.2
[ /'\
a G, Feys(9)
B ) r__
] C"w:’;m 0.25)]
;‘Eﬂ Ag electrode
: 0 \
.S Gy For(®)
,E] Gd(0.2)
e | 1CosgFew(0.25)
£ 7 e
~ Tb-Fe-Co/Co-Fe
E Ag electrode
2 -0.2
-2 0 2
Magnetic field [kOel

Fig.7 MOKE hysteresis loops of a CozFes (0.25 nm)/Gd
(0.2 nm)/GdxFery free layer (red) with and (blue)
without Th-Fe-Co/CozoFeso underlayer.
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