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Orientational Dependence of Magnetic Tunnel Junctions Using an FesO4 Layer
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Magnetic tunnel junctions using an epitaxial magnetite
(FesOy4) layer were prepared on Si/SiO,; MgO (100110},
and {111} single-crystal substrates, and their properties
were studied. Tunnel junctions of U.L./Fe30,/Al-oxide/
CoFe were fabricated by rf sputtering. An epitaxial FezO,
layer was grown by sputtering and was found to be highly
oriented in it’s crystal axis in the film plane. Each FesOy4
showed markedly different MR properties depending on
the epitaxy planes of the MgO single-crystal substrate. The
Fes04/Al-oxide/CoFe film deposited on {110} MgO showed
the highest MR ratio of 10% when the field was applied
along the easy axis of the epitaxial FezOs. The MR proper-
ties of the film deposited on {110} MgO exhibited a strong
angular dependence in the film plane.
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Fig. 1 XRD pattern of Si/SiOz/U.L./Fe304(50 nm).
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Fig. 2 MR curves of the tunnel junction area of 10
X 10 um? (a) Bottom configuration; (b) Top configu-
ration.
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Fig. 3 XRD pattern of MgO {100}/U.L./Fe304(50 nm).
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Fig. 4 MR curves of MgO {100}/U.L./Fe304(50 nm).
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Fig. 5 (a) M-R curves of magnetic field direction [100].
(b) M—H curves of FesO4 (50 nm)/Al (1.2 nm)-oxide/
CoFe(10 nm).
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Fig. 6 XRD pettern of MgO {110}/U.L./Fe304(50 nm).
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Fig. 7 M-H curves of MgO {110}/U.L./Fe304(50 nm).
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Fig. 8 (a) MR curves of the magnetic field direction
{110) and M-H curve. (b) MR curves of the magnetic
field direction <001) and M-H curve.
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Fig. 9 XRD pattern of MgO {111}/U.L./Fe30450 nm).
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Fig. 10 M-H curves of MgO {111}/U.L./Fe304(50 nm).

Fig. 81 MgO {110}/U.L./Fe30,(50 nm)/Al(1.2 nm)-
oxide/CoFe(10 nm)/Pt(10 nm) DR TH 5 MR h — 78
FUOM-HS—T752ZNENRT. RTEAEMIE 5X5 um?
TN 7 ZHNEBE 20 mV 0 & S AT 25~2.6 MQ -
um? TH - 72, BHEEINAE 110>, b BH{LES AR
THI 10% DD TE MR B S hic, —F , B
#lATE <001) T 6% FRED MR HABRI L TWw 5, Bk
HEEEAE TS fue MR ORI E O R E AR
B U 7o SOATIREEDS L L2 d- W7 ie, RS W MR s
BTV B, FesO4 DREKEAMER K, Ko O HAE'?
D ORD B 2 v ¥ —FE LI, FesO4 (110} HN TIZ
110> BEBH & 750, <001 HsPRHHh & 72 » FHERFEHR & —3¢
LTWa,

3.4 MgO (111} E EICFER U b o RIVEEOER

Fig. 912 MgO {111}/U.L./Fes04 (50 nm) ® XRD /¥ 7 — ¥
AT, Kb oB Y~ 0iEddic, UL BKLU Fes04 {111}
O — 2Bl &->TMgO {111V ER ETIE
FesOu 5 {111 EFIC &L B €8 & v v VENHER S L7z,
Fig. 10 I MgO {111}/U.L./Fe;04(50 nm) ® M-H # — 7 %R
T CNEEEEEUIAES 211> TH B, SAKHIIIBIA 400
kA/m TORFIRA LB IZH 03 T Tdh » 7. bR FicpkE
L7z FesOq DRI LEI N TEVWME T & - 7. BB
Ml 011> THEREE M-H # — 70l T3, Fig 11
12 MgO {111}/U.L./Fes04(50 nm)/Al(1.2 nm)-oxide/CoFe
(10 nm)/Pt(10 nm) DEML TH 5 MR # — 7B L O M-H
h—=T7EIRT. BFESERBIE I0X10pm? THE, N4 TR
WEZE 20 mV HIIIL 72 & 218 5 h 7z MR i3y 3%, FH-Fi
AIPLIE 2.1 MQ-um? TH » 72, BUBEINAE 011 THE
BEIS M-H 79— 728 LT b, MgO BFER R o /el

157

NI | -El ectronic Library Service



The Magnetics Society of Japan

8 3.5
RA = 2.1(MQ - pm®)
s LMR = 3%

HIK211),

M (D)
N\

-80 -60 -40 -20 # 20 40 60 80
H (kA/m)

(a) (b)

Fig. 11 (a) MR curves of the magnetics field direc-
tion[211]. (b) M—H curves of Fes0O450 nm)/Al(1.2 nm)-
oxide/CoFe(10 nm).
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Table 1 Results of obtained in this experiment

Substrate Fe,0, Azimuth in side | MR ratio(%)
Si/Si0, Polycrystal — 2.4
MgO{100} | Epitaxial film (100)
(010)
MgO{110} | Epitaxial film (110) 10
(001) 6
MgOf111} | Epitaxial film 211)
(011)
PUlbocEhrs
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ICEETI L, FesOy4 {110} T3 MR $5ik (3 BEE 1T H PR

557‘7‘{1@27@ A LT WD T &b 7.

®Fes0, (epitaxial)/Al-oxide/CoFe #& Tld FesO4 (110} [H
B WTH 10% BEO LB OMREABRN S,
Fes04/MgO/FesOy D 3B B + v v VESTHED &
Nt MR kb dEWEEZRL 2
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