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Abstract. We present results of experimental studies of magnetic properties, resistivity and
magnetoresistance (MR) of (Co84Nb14Ta2)x(Al2O3)100-x films deposited onto a glass-ceramic substrate by
the ion-beam sputtering, focusing on MR in high magnetic fields for compositions close to the percolation
threshold (x=47-57 at.%). The samples consist on Co-Nb-Ta metallic nanogranules size of 2-5 nm which
are embedded into the non-stoichiometric Al-O matrix. Magnetization was measured by SQUID
magnetometer at T=4.2-350 K. MR was studied in the pulsed magnetic fields µ0H up to 20 T at T=70300 K in three geometries: magnetic field in plane parallel and perpendicular to current, magnetic field
perpendicular to plane. The pulse duration was 11-12 ms. For the sample with x=57 at.% the temperature
dependence of conductivity follows the lnT behavior that matches a strong tunnel coupling between
nanogranules. With decreasing metal volume fraction lnT behavior gradually changes to the T1/2
dependence at 47 at.%. For all samples MR is small (<1%) and negative. For x<57 at.% it is slightly
anisotropic at µ0H<1.0 T and almost saturates with increasing magnetic field. There is an evidence of
small positive contribution to MR at µ0Н=20T. Accordingly to structural and magnetic data a large
amount of metallic atoms are located between magnetic nanogranules that diminish the tunnel barrier
height
and
make
tunnel
MR
small
and
weakly
dependent
on
temperature.

1 Introduction

2 Experiment

Recent discovery of memristor effect in metalinsulator nanostructures, in particular in those based on
non-stoichiometric oxides AlOz (z<1.5) [1,2], triggered
renewed interest to structural, magnetic and
magnetotransport properties of magnetic nanocomposites
[3,4]. In the case of (CoFeB)x (Al-O)1-x nanogranular
thin films with metal content x=49-56 at.% it was found
a large number of Co, Fe and B atoms dispersed in Al-O
matrix [3], logarithmic temperature dependence of
conductivity [3, 4] and tunnel anomalous Hall effect [3].
These observations raised numerous questions on
dominant transport mechanisms in nanocomposites.
Particularly for mechanisms of magnetoresistance (MR),
which may be due to tunneling, hopping, Lorentz force,
spin-orbit interaction, weak localization and so on. The
granular size about 2-5 nm and presence of isolated
magnetic atoms in matrix requires for saturation of
magnetization the use of high magnetic fields in MR
measurements. In this paper we focus on MR in
nanocomposites (Co84Nb14Ta2)x(Al-O)1-x in the pulsed
magnetic fields µ0H up to 30 T.

The nanocomposites (Co84Nb14Ta2)x(Al-O)1-x
with x=47-57 at.% were obtained by the ion-beam
sputtering of targets, which consisted of a metal base
of the Co84Nb14Ta2 alloy with several Al2O3 plates on
its surface. Details of this method are presented in [3, 5].
The thickness of samples was about d=2.7µm.
The
magnetization
measurements
were
performed with a SQUID magnetometer (Cryogenic
S700X) between 4.2 and 350 K at in-plane and out-ofplane magnetic fields µ0H up to 3 T.
The resistivity was measured with a standard dc
method, and the pulsed magnetic field B up to 30 T was
applied to measure the MR. The pulse duration was 11–
12 ms. The magnetic field inhomogeneity did not exceed
3% within the size of the investigated area (5 mm2).

*

3 Results and discussion
3.1. Magnetization
The field and temperature dependencies of
magnetization for studied samples (Fig.1) are quite
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typical for nanogranular thin films with compositions in
the vicinity of percolation threshold [3]. The saturation
field for in-plane geometry is less than that for out-ofplane case, increases gradually when x decreases from
57 to 47 at.%, and does not exceed 0.6-0.7 T. This
behavior can be easily understood taking into account
demagnetization effects. For example, the saturation
field of 0.6-0.7 T is well coincided with the
demagnetization of spherical Co particles. The data
shown on Fig.1b indicates on superparamagnetic
behavior. The temperature dependence of magnetization
at 2.0 T (not shown) is similar to that reported in Ref. [3]
(see Fig. 8c), namely, magnetization strongly increases
at T<25 K due to presence of a large amount of metallic
atoms located between magnetic nanogranules and is
almost constant at T=100-300 K.

samples composition is close to the percolation
threshold. The temperature dependence of resistivity of
the sample with x=46.8 at.% follows quite well the T1/2
law but it is not the case for samples with x=57 at.%
(Fig.2). For the sample with x=57 at.% the temperature
dependence of conductivity follows the lnT behavior that
accordingly to the theory of Efetov et al. [6,7] matches a
strong tunnel coupling between nanogranules. Therefore
the main transport mechanism in the studied
compositions falls into the transition region between
strong and weak tunnel coupling.

Fig. 2. Temperature dependences of resistivity of samples
with x = 46.8 at.%, 50 at.%, and 57 at.% plotted as ln(ρ)
versus T-1/2.

3.3. Magnetoresistance
3.3.1. Negative magnetoresistance
For all samples MR is small and negative in weak
magnetic fields (Figs. 3-5). Negative MR can be
connected with spin-dependent tunnelling, suppression
of
spin disorder inside ferromagnetic granules and
spontaneous anisotropy (see [8]). It is quite reasonable
for nanocomposites to neglect two last mechanisms.
Indeed, since in studied samples granules are small the
second mechanism unlikely contributes to MR. Negative
MR in our case is approximately the same for magnetic
field applied parallel and perpendicular to the current
direction and this observation allows to completely
exclude anisotropic MR. Therefore we can conclude that
negative MR in the samples under investigation is due to
tunneling.
Let us now discuss why tunnel MR is small, less
than 1% (in comparison with record values about 1013% at low temperatures [9,10]), and almost negligible
for the sample with x=57 at. %. There are several
factors which can diminish or even suppress tunnel MR:
not optimal composition, wide size distribution of
granules, spin-flip processes, weak spin polarization of
current carriers, rough interfaces of granular surfaces,
scattering by impurities or metallic atoms located inside

Fig. 1. (a) Magnetic field dependences of magnetization
of samples with x = 46.8 at.%, 50 at.%, and 57 at.% at
room temperature. The dash-dot lines present the inplane curves and solid lines denote out-of-plane curves.
(b) Magnetization temperature dependences of sample
with x = 46.8 at.% measured in H = 100 Oe and 500 Oe.
The red curves are zero-field magnetizations (ZFC) and
blue curves are field-cooled magnetizations (FC).

3.2. Resistivity
Fig. 2 shows that resistivity of the sample with
x=46.8 at. % is at least one order of magnitude larger
than for x=57 at.%. It confirms that the considered
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tunnel barriers. We think that in our case all these factors
play role but the most important is the presence of a
large amount of metallic atoms in the Al-O. The
composition of the sample with x=57 at.% is quite far
from the percolation threshold and that is the reason for
its extremely small negative MR.
Tunnel MR weakly depends on temperature
in
the Inoue-Maekawa model [11] and shows the
distinctive 1/T decay of the Helman-Abeles model [12].
Fig. 5 demonstrates that our data follows qualitatively
the Inoue-Maekawa model, but MR decreases in the
temperature range 200-300 K stronger than
magnetization. Perhaps, it is connected with low tunnel
barrier height in our case [3].
3.3.2. Positive magnetoresistance
Fig. 4. The low magnetic field part of the magnetoresistance of
samples with x = 46.8 at.%, 50 at.%, and 57 at.% at

MR reaches its greatest negative value in magnetic
fields about 1- 3 T (Figs. 3 and 4) and after that instead
of saturation starts to increase with magnetic field (Figs.
3 and 5). It is clearly indicate on the positive
contribution to MR in high magnetic fields. Positive MR
can be due to Lorentz force, MR in hopping regime, or
the influence of magnetic field on e-e contribution to
MR [13].

temperature of 100 K for both orientations of magnetic
field: in-plane and out-of-plane.

Fig. 5. The out-of-plane magnetoresistance of the sample with

x = 46.8 at.% at various temperatures T = 50, 100, 150,
200, and 300 K. Inset shows the low magnetic field part of
the main plot.
The Lorentz MR is described by the well-known

Fig. 3. Magnetoresistance of samples with x = 46.8 at.%, 50

at.%, and 57 at.% at temperature of 100 K. The
measurements were carried out with magnetic field
applied parallel to the sample plane along the current.

relation

Δρ
ρ

1

𝐵𝐵 2

= 24n𝑒𝑒 2 (𝜌𝜌 ) , i.e. depends quadratically on

the magnetic field and is inversely proportional to the
square of resistivity. However, it is not the case for our
samples (Fig. 4). The positive contribution is
approximately the same for samples with quite different
resistivity and does not follow B2 law.
The influence of magnetic field on resistivity in
hopping regime can be represented by the general form
ρ(B)=ρ(B=0)exp(ConstBm), where m varies between 0.5
and 2 depending on the model. Our data do not
correspond to this field relation. In spite of significantly
different resistivity of samples with x=46.8 and 57 at. %,
the positive contribution to MR is almost the same.
Therefore in spite of a large amount of metallic atoms in
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the matrix there is no evidence of hopping transport both
in resistivity and MR. The positive MR in high magnetic
fields in thin films and nanogranular alloys was observed
in [13] and was explained by the influence of magnetic
field on e-e contribution to MR. By contrast to [13] in
our case the positive MR slightly depends on resistivity
and temperature. There is no evidence of significant e-e
contribution to resistivity and MR.
Since the basic transport mechanism in the samples
under investigations is tunneling we can suppose that the
observed positive contribution to MR in high magnetic
field is due to influence of magnetic field on tunnel
barrier height. This hypothesis requires further
experimental and theoretical researches.
This work was financially supported by the Russian Science
Foundation, Grant No. 16-19-10233.
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