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Abstract NiFeCo granular ferromagnetic thin films were deposited on glass and silicon wafer substrates in
thermionic vacuum arc plasma with simultaneous ignition of plasma in Cu and NiFe vapors. The structural and
morphological properties of the prepared films were investigated by TEM Transmission Electron Microscopy
(TEM) and Scanning Electron Microscopy (SEM). Elemental composition of the films was revealed after X-ray
energy dispersive spectroscopy analysis (EDAX). The magneto-optical longitudinal Kerr rotation spectra of the

samples were also measured and compared.
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1. Introduction

The granular ferromagnetic thin films are
composite materials that consist usually in
nanometric magnetic grains (Fe, Co) uniformly
distributed within a nonmagnetic matrices (cooper,
silver or gold). Granular systems like CoAg, FeCu,
CoCu and FeCoCu are able to produce both positive
and negative electrical resistance variation under the
influence of an external magnetic field, effect named
Giant Magnetoresistive Effect (GMR) [1-5]. This
effect is due to the spin-dependent scattering taking
place at the boundaries of ferromagnetic clusters
embedded in the nonmagnetic host lattice. The other
magnetic properties, such magneto-optical Kerr
effect (MOKE) have been found in those granular
magnetic solids [6- 8].

Because of their enhanced magnetic properties
and magneto-transport  characteristics,  these
structures are called soft ferromagnetic materials
having important applications in the microelectronic
devices like linear and circular position sensors [9,
10], reading hard drives heads, and microwave
devices.

Because of the immiscibility of some transition
metals with noble metals, in the case of granular
systems it is possible to obtain a mixture of a
nonmagnetic matrix with precipitated magnetic
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entities. It is also possible to obtain the granular
structure straight away by sputtering deposition from
the composite material target [11].

The concentrations of elements are chosen in
such a way that an application of a heat treatment
enables the coalescence of the magnetic material,
originating magnetic clusters [12].

The properties of these magnetic clusters (e.g.,
average size, size distribution, concentration)
determine the magnetic behavior of the granular
film, and its characterization is of key importance to
understand the GMR phenomena [13].

One of the most proper base materials used for
GMR sensors is the granular NiCuFe layer which
combines the Anisotropic Magnetoresistance
(AMR), low signal with high electric conductivity
and low coercivity. It was used cooper to suppress
the magnetoresistive signal below of the NiFe , and
the optimal concentration of the thin film structures
included 30%-65% Ni, 5%-25% Fe and 10%-40%
Cu[14]. For this type of granular films Ni atoms can
make solid connection with the Cu atoms,
generating possible granular alloys of Cu-Ni and Fe-
Ni, respectively [15].

In this study we proposed to investigate the
substrate type influence upon the microstructural,
morphological and Kerr magneto-optical properties
of a series of NiFeCu granular thin film samples
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deposited by termionic vacuum arc (TVA)
technique; this method proved to be very successful
for the deposition of nanostructured granular films,
unstressed, continuous and smooth [17], the metal-
insulator granular films showing the presence of
magneto-optical Kerr effect [18].

2. Experimental

This method allows, as can be seen in Fig. 1, the
simultaneous deposition of granular films with
different NiFe - Cu concentrations and different size
of the magnetic clusters, giving rise to the possibility
of a detailed examination of microstructural and

morphological correlations concerning MOKE
phenomena.
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Fig.1. The ex;gimental set-up for th(j\f iFeCu thin
film deposition.

The anodes were a graphite crucible filled with
a high purity NiFe alloy formed by 80 at. % Ni and
20 at. % Fe and another crucible filled with 99, 99%
purity metal flakes of Cu. The deposition substrates
were BK7 optical glass and silicon (111) disks.

The emitted electrons beams provided by the
TVA guns are accelerated by high anodic voltages
(1-6kV), being focused by two Wehnelt cylinders.

The tungsten filament of the NiFe cathode was
heated by an a.c. current of 51A, and the heating
current of the Cu cathode was 49A.

The applied d.c. voltage for the bright discharge
in NiFe vapors was 590-630 V, the intensity of arc
current being 1.3-1.5 A. In the case of the discharge
ignited in Sn vapours, the d.c. voltage was about
700-740V and the d.c. current intensity between 0.5-

0.6A. The pressure inside the deposition chamber
was maintained at a value of about 6.6 x 10 Torr.
The deposition rate r; and film thickness d were
measured and controlled in situ using a FTM7 quartz
microbalance. The thickness of the obtained samples
was of about 200 nm.

The samples investigated, named P;, P, and P;,
were deposited on silicon substrate (P; and P;) and a
glass substrate (P,). The samples, ordered in a
decreasing NiFe relative content, were positioned at
the following distances from the NiFe/Cu anodes,
respectively: 28 cm/34 cm — Py, 30 cm/32 cm — P,
and 32 cm/30 cm - Ps.

Transmission Electron Microscopy (TEM)
analysis were carried out by a Philips CM120ST
microscope operating at 100 kV with Cs = 1,2mm
and =2 A resolution.

The SEM measurements were carried out using
a FEI- Philips Quanta Inspect F streak
scanning electron microscope equipped with
secondary electron detector(ETD), with 1.2nm
resolution in a 30kV secondary electron image.

The compositional analysis of the film was
accomplished using an energy dispersive x-ray
spectroscopy (EDAX) microanalysis  detector
attached to the SEM, with resolution of 132 eV at
Mn Ka.

The magneto-optical Kerr effect (MOKE) is a

powerful tool for studying changes in the surface
magnetization of granular ferromagnetic films, at
depths in the film up to 20nm.
The magnetic properties of the NiFeCu films were
investigated via longitudinal Magneto-Optic Kerr
Effect (MOKE), using p-polarized, 633 nm He—Ne
laser light (10 mW power) as an incident light. The
incident beam was modulated with an electro-optic-
modulator. The magnetic field was applied parallel
to the films and lays in the incidence plane of He—
Ne laser.

3. Results and Discussions

From bright field(BF) - TEM images presented
in Fig. 2 we can see the presence of some
nanometrical conglomerates(dark areas), which
could be asociated with feromagnetical elements Fe
and Ni, fixed in a lighter nonmagnetic matrice of Cu.

The size distributions of the crystallites,
obtained from the diameter measurements of a few
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dozen grains highlighted in fig. 2 are plotted in
Fig.3.

The distribution of grain sizes, as measured
from TEM images, was fitted to the lognormal
curve. The mean grain size, D,,, was found to be
approximately 7 nm in the case of the sample P, and
5 nm for sample P,.
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Fig.3. Grain size distribution of NiFeCu granular
film: (a) P, sample, (b) P, sample.

High  resolution  transmission  electron
microscopy (HRTEM) images of NiFeCu samples
are shown in Fig. 4. Electron diffraction patterns
evidence a nice structure with well-arranged atomic
planes located on different areas (darker and lighter)
of the sample, with different inter-planar distance
(see fig.4.b), suggesting the presence of minimum
two different crystalline species in the probes
investigated.

Fig.4. HRTEM images f a).Pl sample and b) P,
sample.

The well-defined diffraction rings from selected
area electron diffraction (SAED) patterns (see Fig.
5) indicate also the polycrystalline state of the thin
film investigated. Almost all interplanar distances
corresponding to diffraction rings shown in those
patterns fits well with the diffraction planes
distances for the fcc phase of Cu, just the first ring
being associated with fcc crystalline phase of Fe;
because Ni and Cu have a very similar
crystallographic structure and those metals can form
a solid solution, no nickel diffraction rings could be
established in SAED patterns.
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Fig.4. SAED patters of NiFeCu thin film samples:
a) Py and b) P,

Cross-sectional SEM analysis was used to
establish the quality of the deposition and the
thickness of the thin film. The sample was examined
in cross section by cutting with glasses
cutter(diamond) the uncovered surface, and after that
the sample was put in the liquid nitrogen, fracture
being in this way produced .

In the SEM images at 50.000 x magnitude
showed in Fig. 5.a and 6.a, details are observed in
the cross — section of the thin film deposition on the
substrate (with horizontally band light on the
image); both samples presented an compact, crack-
free surface morphology close to film fracture. The
measured thickness was 158.3 nm for P, sample and
157.5 nm for P, sample.

The morphological surface SEM images from
Fig. 5.b and 6.b. showed a fairly compact, dense and
smooth surface of NiFeCu films, with uniform
distribution of grain size(under 100nm) over total
coverage of the substrates.

Fig. 5.a) Cross-sectional abrolgical
surface secondary electron SEM images of P,
sample

ke KA EAEAETE
Fig. 6. a) Cross-sectional and b) morphological
surface secondary electron SEM images of P,
sample

The X-ray energy dispersive spectroscopy
analysis of P; sample (Fig. 7) revealed the presence
of the main elements Cu, Ni and Fe, in the cross-
section of the film. The Si element in the EDAX
spectrum comes from the substrate on which the
deposition was made, the contamination species C
and Mn being provided by anode crucible. From the
maps with density concentration distribution of each
element (see also fig.7), we could observe a very
compact density distribution for the sample
constituent metals, especially for Cu.
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Fig.7. EDAX spectrum and maps with density
concentration distribution for the constituent species
of P, sample
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Fig.8. MOKE measurements on samples P;, P; (a)
and P, (b) at room temperature.

In Fig. 8 we present the MOKE hysteresis loops
(longitudinal mode) at room temperature for samples
P,, P, and Ps. It can be observed that the saturation
magnetization for sample P; and P; (of about 1.5
mdeg) is about two times higher than that of the P,
sample; the coercivities resulting from MOKE
measurements are 1.75mT and 1.9mT for P; and P;
sample, respectively; in the case of P, sample, it was
observed a very small coercitivity of 0.1mT, this
probe entering first in saturation and containing the
feromagnetical (NiFe) particles with the largest
diameter.

4. Conclusions

The granular ferromagnetic NiFeCu films with
thickness of 157-158 nm were successfully

deposited onto glass and silicon substrates using the
TVA method.

Microstructural BF-TEM investigations showed
the nanocrystalline state of the films, cross-section
investigations revealing the presence of some
conglomerates with 5 nm and 7nm in diameter, for
sample on glass and silicon substrate, respectively.

HRTEM and SAED analysis indicated the
existence of different crystalline species in the
samples, the cubic crystallographic structure of Cu
and Fe being established this way.

The morphological SEM images suggested that
both samples investigated had a compact and fine
grained morphology at the surface, with grain
diameters under 100 nm. EDAX spectrum indicated
the presence of main elements: Cu, Ni, Fe in the
film, with a compact density distribution.

Sample deposited on glass substrate presented
after MOKE measurements the lowest coercitivity,
but the saturation magnetization was two times
smaller than in the case of the sample on silicon
substrate, this property indicating lower magnetic
properties of the sample on glass substrate.
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