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Relation between MR ratio and Nanocrystalline Structure
of CPP-GMR Film with a Current-Confined-Path Nano-Oxide Layer
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Current-Perpendicular-to-Plane Giant MagnetoResistance (CPP-GMR) spin valves with a Current-Confined-Path (CCP)
Nano-Oxide Layer (NOL) were investigated from the viewpoint of the relation between MR ratio and nanostructure. We have reported
that the CPP-GMR spin valves with the CCP-NOL fabricated by lon-Assisted Oxidation (IAO) show higher MR ratio than those
fabricated by Natural Oxidation (NO). In this report, the nanostructures of CPP-GMR spin valves are compared by means of the
high-resolution Transmission Electron Microscope (TEM) and the Fast Fourier Transform (FFT) map. It was confirmed that 1AO is
effective for improving the crystalline structure not only for the CCP, but also for the free layer on the CCP. The well crystalline
structure can decrease the resistivity of the metal path and enhance the spin-dependent scattering inside the free layer, which are
considered to be the reasons for the enhancement of MR ratio for the IAO.
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Fig. 2 MR ratio dependence on KA of the spin
valves with the CCP-NOL. The red square and blue
circle denote the MR ratio of the spin valves with
the CCP-NOL fabricated by NO and IAO process,
respectively.1
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Fig. 3 Cross-sectional high-resolution TEM
images of the spin valves with CCP-NOL fabricated
by NO (a) and TAO (b). CCP regions (1) and (2) are
enlarged in (c) and (d), respectively.

FtEEE~ » B 7 Uiz FRT 8% Fig. 4 .o~ Fig. 3@ %48
HiL7-H DM Fig. 4(a), Fig. 3(0)ZZEHL L7 H DD Fig. 40) TH 5.
FFT 838 7l LOADMRENS 23ADREE T, B
WL Lt TREND. 22T, A RRELC7—Y =28
PeCE oI, BLEREND.

FFT 44 R5 L, WP CPP-GMR S B B3 1
R 201 A TEAUNTEIE L CWD ORI, 7 U —JETit
BB TN 030D, 7V —EIET7 e T 7 A
D ALO; FITHER LT\ 7-8, B @b DfbihdR il z <
BiES L oo TWD D TH D, Zhux 7 — U 2 Ei Ok
TEM EEOL BHRITE D ZETEH DD, FFT 2V ET
K OEBANGENT 2 Z N TE T

SEBICEHMCAD &, Fig. 40)D 1AC DAL, 7V —BThH
S THHAWVILTHATHMN RSO OIS RMES B CH 5. Fig.
3b) & DIBAT LY, FEMED BAF72E 31T CCP D HITf& Lic
TV—ETHHZ e -l ZHUL, CCP OB/ EsuRCIH
MR, 7V —JEE CEE L QD7D Th A, EhUusxt L, Fig.4(a)

348 Journal of the Magnetics Society of Japan Vol. 32, No. 3, 2008



Free layer
Pinned layer ..
PtMn

(b) IAO

Free layer
w Rinned layer

PtMn

2.1
d spacing [A]
Fig. 4 FFT images of the spin valves with
CCP-NOL fabricated by NO (a) and IAO (b),
respectively.
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Fig. 5 Crystalline growth model of the spin
valves with the CCP-NOL fabricated by NO (a)
and IAO (b), respectively.
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