Tunnd magnetoresistance and giant Hall effect in nanocomposites
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The Hal effect in magnetic metds conggs of two pats One is due to the Lorentz force
The other, extraordinary contribution originates from asymmelry of magnetic scatering, and
is thus proportiond to magnetization, as wdl as a power of resdivity. The giant Hal effect
(GHE) is a remakade propaty of granula med-didectric sysems, initidly obsarved in
camets where the metdlic component was ferromaegnetic [1]. It was found that near the
citicd oconcentration of metd in the compodte where a med-insulator trangtion  occurs,
the extreordinay Hdl resdivity can be a factor up to 10* gregter than in the medlic
regime. Since the discovay of GHE, severd experimentd invedigaions have contributed to
the undedanding of the phenomenon with sydemaic dudies in differet granular meds
[2-4]. Ta&ing into account the experimenta results new theoreticd modds have dso been
introduced [2, 4].

A comprehendve review of the giant Hal effet will be presented, with the emphasis on
novel experimentd data obtaned in Ni, Fe and Co/SO, films prepared by co-Suttering.
GHE, a wdl as tunnd magnetoresstance, ae dealy corrdaed with the nanostructure
(invedigated by means of trangmisson dectron microscopy, smdl angle x-ray scatering
and x-ray diffraction) of granular samples ner the med-insulaor trangtion. The mos
important feature of the microdructure, which is bdieved to be asocaed with GHE, is
extremdy fine digperson of metd particles embedded in insulating metrix.

It is important to notice that GHE is obsarved dose to, and on both gdes of, the metd-
insulator trangtion. At this compogdtion (goproximatdy 50% volume fraction of med for
co-outtered materids) connectivity of percoldion duders is veay loose Fom the point of
view of microscopic conduction  mechenigns, this means a cossover from  metdlic



conductivity with wesk locdization to tunnding, or hopping beiween sgparae granules
across inqulaing bariers. On the other hand, magnetic percolation is dso interrupted a this
concentration of metd, leading to superpaamagnetic behavior of the composte and
blocking phenomena In our recent <Sudy, we compae temperaiure dependences of
megndtization and the extreordinary Hal codffident in the compodtes near the criticd
concentration, and find both gmilaites and differences. In medlic samples, the
extreordinary Hdl is directly proportiond to the totd maegnetization, due to dde jump or
skew scattering. In a metd-insulator  composte, only those dectrons traveing in - conduction
citicd pahs can contribute to the Hal dgnd, thus only magnetizetion of the maenid
bdonging to these pahs is importatt in the Hal messurements Comparison with the
magnetic resllts leads to new posshiliies in underslanding the both the dectronic and
magnetic properties of granular nanocompogites
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