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disorder of Co(SIO;) can be made from

weakly disordered to strongly disordered.

Co seems form grains embedded in SIO, sea

and giant MR due to the couplings of

magnetic moments between grains appears in

these samples. GMR is usually observed in

either a magnetic multilayer system or a

magnetic tunneling junction.  Moreover,

MR due to quantum interference effects is

( ) greatly reduced. We think that magnetic

moment in each grain is detrimental to the

quantum interference effects. For sample

near the metal-insulator transition, the

- magnetoresistance is due to spin-dependent

GMR 10K scattering effect. The magnitude of GMR

0.05%~2% ratio is in the range of 0.05%~2% at 10K. For

sample in strongly disordered region, MR

comes from spin-dependent tunneling effect.

TMR The magnitude of TMR ratio is in the range
2.0%~10% of 2%~10% at 10K.

Besides, the disorder can be increased
by oxidation in 2D Co films. Due to the
antiferromagnetic property of CoO, the
anisotropic MR can be changed by increasing
disorder (oxidation).

Keywords: quantum interference effects,
disorder, magnetic moment, anisotropic MR,
ferromagnetism, antiferromagnetism.

Abstract

We have measured the magnetization
and magneto-transport in a series of 3D
magnetic Cox(SIO,)1.x samples to study the
metal-insulator translation. By controlling the
sputtering rates of Co and SIO,, the degree of

Disordered samples have a long history
as systems in which new and interesting
phenomena can be studied and uncovered.
For studies of metal-insulator transition,



numerous properties were well known by
now. Recent interest is due to discover of
giant  magnetoresistance (GMR) in
magnetic-nonmagnetic binary metal granular
samples[l] We would like to take
consideration of magnetic moment into
problem of disordered tuned phase transition
to understand how it influence the dominant
mechanisms that drives the transition.

In the previous project (1/3), we
concluded that the evolution of temperature
dependent resistivity with increasing disorder
in granular Cox(SiO,)1.x sample is similar to

that observed in non-magnetic CuGe systems.

However, MR due to quantum interference
effects is greatly decreased because that
magnetic moment in each grain is detrimental
to the quantum interference effects.

Two systems are employed in this work.
One is granular Cox(SIO,)1.x samples (3D)
and the other is oxidized Co films (2D). In
the former topic, we made further
experiments such as relative responses of
annealing induced property change to
disorder. We also set up a 5-probe Hall effect
measurement system to complete the AHE
study.[2,3] In the latter topic, the relation
between the anisotropic MR and disorder R,
was investigated.

(1) Granular Cox(SiO2)1.x Samples

As reported before, the behaviors of these
samples can be cataloged into three regimes.
Sample with  pix  <500uQcm, low
temperature transport Ap(T) O -TY2 For
sample with  500uQcm<p;0xk<100MQcm,
close to MIT, Ap[& n(T) is better than any
other form to describe the transport behavior.
[2] For sample with pigx >100mQcm, p
becomes much more sensitive to temperature
and follows the hopping mechanism resulting
in the form that ApOexp[1/TY?]. [4] However
MR is mainly attributed to the couplings of
magnetic moments between grains appears in
these sampless. MR due to quantum
interference effects is greatly reduced. We

plot data for sample with piox=70mQcm,
near MIT, in figure 1. As shown, both
magnetic moment and magnetoresistance
demonstrate clear hysteresis loops. MR
cycles through a curve with maximum at the
field near the coercive field of the sample
(Hc=9300e) and decreases with increasing
field intensity until the saturation field. This
observed hysteresis MR is similar to the
observed GMR in magnetic multilayer
systems and TMR in magnetic junction
systems.
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Figurel, normalized magnetic moment (a) and
magnetoresistance (b) as functions of applied magnetic
field for Co,(SiO,)1.x sample near the MIT.

The change of magnetoresistance ratio,
MR=(R(H)-Rmin)/Rmin, Of the samples in the
intermediately disordered regime seems scale
linearly with the disorder p. Datais shown in
figure 2 and red line is obtained from least
sguare root fit.
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Figure2, normalized magnetoresistance (MR) as a

function of pyo for four Co,(SiO,)1.x Samples near

MIT.
MR

increases  continuously  with



increasing disorder, even in the strongly
disordered regime where transport is
dominated by hopping mechanism among
isolated grains. However, the increasing rate
seems slower instead of linear growing. We
may conclude that tunneling effect limits the
MR.

(Il oxidized Co films

We fabricated 10nm Co thin films and
controlled their degrees of disorder by nature
oxidation. The temperature dependent sheet
conductance can be well described by
two-dimensional weakly disordered theorem

€ () .
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We plot such relation for some samples in
the inset of figure 3. A’s obtained from the
linear fit of data to the above predicted form
for a series of samples are shown in figure 3.
A is about 1 in consistent with most 2D
homogeneous thin films. Disorder induced
electron-electron interaction plays an
important role. Films with severe oxidation
have larger dlope (A) and sheet resistance
than slightly oxidative samples.
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Figure 3, Inset: Sheet conductance vs. logarithmic
temperature for some films. A obtained from
theoretical fit vs. sheet resistance(15K) for a series of
films.

For most magnetic materials, inverse
MR occur when current is applied aong
magnetic field direction and normal MR
occur when current is applied perpendicular
to field direction. AR(H)=R (H)-Rsauration a
conditions that current is applied
perpendicular or paralel with the magnetic
field for a less oxidized Co film is shown in
figure 4. This scenario can be attributed to

the s-d scattering effect is usually referred as
anisotropic magneto-resistance (AMR). [5]
In the thin films, some may argue that
guantum interference effect is very important
for transport behavior such as p(T). However
our data indeed show that there is a small
symmetric positive MR in both curves due to
the quantum interference effects at low
temperature. The size is decreased with
increasing temperature. To ignore this
background, we analyzed data at T=15K.
Such clear hysteresis MR results mainly from
magnetic domain induced spin-dependent
scattering.
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Figure 4, AR(H) vs. applied magnetic field for a less
oxidized Co film at conditions that current is applied
perpendicular to the magnetic field (top curve) and
parallel with the maanetic field (bottom curve).

In a very thin magnetic film, surface
oxidation can become very severe and affect
its intrinsic properties. Hence, in this work
we have aso performed low temperature
magneto-resistance and  magnetization
measurements for a series of Co thin film
with different degrees of oxidation to
investigate the role of surface oxidation. For
thicker films and thin films with less
oxidation, magneto-transports behave as
theoretical expectation described above.
However, for thin films with severe oxidation,
the magneto-transports are completely
reversed. The inverse MR is replaced by
norma MR when current is applied aong
magnetic field direction. The normal MR is
changed to inverse MR when current is
applied perpendicular to field direction. We
summarized magneto-transport results of all
samples in figure 5. Normal MR is referred



asthetop curvein figure 4 and positive AR is
defined as Rpeak-Rsauraion. INverse MR is
referred as the bottom curve in figure 4 and
negative AR is defined as Rgip-Rsauration.
Three samples with less disorder (R <70Q)
demonstrate normal AMR and others with

more disorder (R>70Q) demonstrate
completely opposite behaviors, reversed
AMR.
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Figure 5, AR (peak or dip) vs. sheet resistance(15K) for
a series of films. A: Current is applied perpendicular to
the magnetic field. m : Current is applied parallel with
the maonetic field.

This reverse transition in AMR also
occurs in Co films with decreasing sample
thickness. As we know, the oxidized layer
CoO is an antiferromagnetic material that
may provide exchange coupling with the rest
ferromagnetic Co layer. When the oxidation
is severe relative to the Co layer that
exchange coupling is strong to pin the
magnetic moment of Co, AMR is reversed.

[6]

In the studies of Cox(SiO,)1.x Systems,
the MR demonstrates hysteresis behavior due
to the magnetic couplings between Co grains.
Near the meta-insulator transition with a
An(T) dependent resistivity, scattering length
of electron is more than numerous of gain
distance, MR can be described by the
two-current model as in multilayer systems.
The magnitude of MR ratio isin the range of
0.05%~2% at 10K and scales nearly linear
with disorder piok. For sample in strongly
disordered region, MR comes from

spin-dependent  tunneling  effect.  The
magnitude of MR ratio is in the range of
2%~10% at 10K. Negative MR due to
guantum interference in hopping regime
become importance and is comparable to
spin-dependent MR. Besides, the disorder
can be increased by oxidation in 2D Co films.
The anisotropic MR can be changed by
increasing disorder (oxidation) because of the
antiferromagnetic property of CoO.
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