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Physical states of Fe nano-sized particles and
the giant magnetoresistance

Takashi MURAKAMI, Masayuki KUROSE, Takayuki MORIWAKI
Nobuyuki HAYASHI, Sigeaki MATSUO and Hiroki HASUYAMA

Abstract

We have shown that metal-insulator nanocomposite layers can be synthesized by high-dose implantation of
magnetic metal ions into insulating oxides, and that the granular layers provide attractive structures such as giant
magnetic tunneling junctions. An eminent tunneling magnetoresistance (TMR) effect was observed in a-Al,0O,
single crystals implanted with 100 keV Fe* ions, where the implanted layers exhibit a magnetoresistance (MR)
ratio of about 7~8 9. The obtained value is about twice as large as that observed for popular granular Fe/Al QO
films prepared by standard techniques such as rf sputtering. In this study we estimated the size of nanoparticles
distributed in the Al,O; matrix by analyzing the X-ray diffraction pattern and investigated the change in the size
and distribution with the implanted doses. We also studied the dependence of the TMR effect on the dose and
found that effective TMR effect can be still observed in spite of the decrease in zero-field resistance over several
orders with increasing doses, in contrast with sputtered Fe/Al,O, films. It is shown that the dependence is well
correlated with the start of cluster percolation and the change in the nanoparticle size.
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Fig. 1 GXRD patterns of Fe/Al,0; granules with
changing the dose of Fe implantation.
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Fig. 4 MR curves for Fe/Al,O; granules with doses of 1.4 X 10" Fe/cm? and 2.5 % 10" Fe/cm?* (B).
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1.4 (10" Fe/cm?) 1.73 (GQ) 6.9 (%)
2.0 431 (MQ) 5.6
2.5 22.9 3.9
3.0 18.0 2.8
3.5 1.37 2.2
10000
& Dose vs Ry
1000 Wy
~ 0 y ='280921¢35330
(o]
S 100 _
3 T
o
10
I ' L L L ‘Q
1 2 3 4

Dose (10'"/e¢m?)
Fig. 6 Dependence of zero-field resistance R, in
Fe/Al, O, granules on the dose of Fe ion.
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