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We investigated the film performance and nano-
structure of current-perpendicular-to-plane giant mag-
netoresistance (CPP-GMR) spin-valve film with a cur-
rent-confined path nano-oxide layer (CCP-NOL). By ap-
plying ion-assisted oxidation (IAO) for the CCP-NOL
formation, we enhanced the MR ratio to 5.4% at a small
RA value of 500 mQum? for conventional CogoFeio
layers. Furthermore, the use of bcc-FesoCoso also in-
creased the MR ratio to 8.2% at a small RA value of 580
mQum?. A modified Valet-Fert model for the CCP-NOL
showed that the MR enhancement by the IAO is due to
the improvement of resistivity of the CCP, and that by
Fes0Cosp is due to a larger spin-dependent interface
scattering effect. Analysis by cross-sectional TEM and
three-dimensional atom probe confirmed the formation
of the CCP-NOL structure. The CPP-GMR spin-valve
film with the CCP-NOL is extendable to future high-
density recording heads due to its potential for a
higher MR ratio at a small value of RA.

Key words: current-perpendicular-to-plane giant mag-
netoresistance (CPP-GMR), nano-oxide-layer (NOL),
current-confined-path (CCP), spin-valve film, transmis-
sion electron microscope (TEM), local electrode atom
probe (LEAP)
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Fig. 1 Schematic diagram of a CPP-GMR spin-
valve film with a CCP-NOL. The current is
confined by small metallic paths in the CCP-NOL.
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Fig. 2 Relationship between the MR ratio and
RA for a CPP-GMR spin-valve film with a
CCP-NOL formed by the NO and the IAO. Solid
lines are fitted by applying a modified Valet-Fert
model to the CCP-NOL. The fitted line for the NO
is pcu=160 ¢Qcm, and that for the IAO is pcu =65
nQem.

0.7 r

0.69

0.68 ——

R [0]

0.67

0.66 M

0.65
-800 -400

0 400 800
H [Oel

Fig.3 Typical MR loop of a CPP-GMR spin-
valve film with a CCP-NOL formed by the TAQ,
where RA=500uQcm and the MR ratio was
5.4%, derived from 1/A dependence.
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Fig. 4 Equivalent circuit of a CPP-GMR
spin-valve film with a CCP-NOL.
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Fig. 5 MR ratio dependence on RA for CogFeio
magnetic layers and FesCosp magnetic layers. A
significant increase in the MR ratio can be seen
for the Fe50Coso layers. The solid lines are fitted
using the modified Valet-Fert equations extended
for the CCP-NOL structure.
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Fig. 6 Cross-sectional TEM image of a
CPP-GMR spin-valve film with a CCP-NOL.
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Fig. 7 Enlarged TEM images of regions (a), (b),
and (c) in Fig. 6. Lattice fringes that bridge two
CoFe layers through the oxide amorphous layer
can be clearly seen. These can display the
current-confined-path (CCP) effect when the
conduction electron flow is perpendicular to the
film plane. The bridge width is about 5 nm. The
lower figures show nanobeam EDS spectra for
the crystalline, metallic path, and for the oxide
amorphous layer. The crystalline path is Cu-rich
and Al-poor, while the amorphous region is
Al-rich  and Cu-poor, indicating that the
crystalline path is made of Cu, while the
amorphous layer is AlsOs.

M Fig. 2 1Z/R L 7z CogoFero(1)/NiFe(3.5) & 1387 5D
D, Ax—4%—BRAOMEIHE T2 FALTHEI L
M5, RAEKERAEHBEIRIEL &35, BEMICE

RA =380 mQum? ARA=16 mQum? MR Z{tE=43%
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Fig. 8 LEAP image of a CPP-GMR spin-valve
film with a CCP-NOL.
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Fig. 9 Isoconcentration surfaces to visualize the
Al>03 and Cu in the CCP-NOL (top view).
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Fig. 10 Simulated MR ratio performance of
CPP-GMR spin-valve film with a CCP-NOL. pc,
and 7 are used as parameters. The head spec-line
is also plotted in this figure, where a larger MR
ratio than the dotted line is needed, and a lower
RA less than the vertical dotted line each for 200
Gbpsi and 400 Gbpsi is needed.
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