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Abstract: Nanoparticles of metallic
cobalt and cobalt-platinum alloy have
been synthesised via ion implantation
and thermal annealing. The size and
spatial distributions of the resulting
nanoparticles were investigated as a
function of annealing temperature, for

temperatures up to 900°C, and
correlated with their magnetic
properties.

1 Introduction: Co-Pt nanoparticles are
of particular interest for ultra-high-
density magnetic recording media and
have been produced by a range of thin
film deposition techniques [4-5] (e.g.
molecular beam epitaxy, electron beam
evaporation, electron deposition etc)
due to their magneto crystalline
anisotropy, chemical stability and high
Curie temperature [6]. Recent studies
have investigated the synthesis of cobalt
nanoparticles in  silica by ion
implantation [1-3] but few have
investigated the magnetic properties of
such particles or their alloys. In this
study we report the synthesis of Co and
Co-Pt alloy nanoparticles and the effect
of alloying and processing on their
magnetic properties.

2 Experimental: Si wafers with a
100nm thick, thermally grown SiO,
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surface layer were implanted with 50
keV Co ions or 100 keV Pt ions with
fluences of 6x10'® ions/cm?, or for the
Co-Pt alloy, sequentially implanted with
Co and then Pt ions each with a fluence
of 3x10'® ions/cm?. According to the
Monte-Carlo ion-range simulation code
SRIM 2007 [7], the average range of
both Co and Pt ions in SiO; is ~43 nm
for the above mentioned energies.

The implanted samples were
annealed separately at 500°C, 700°C,
900°C for 1 hour to study the effect of
annealing temperature on the size and
distribution of nanoparticles, which were
determined from transmission electron
microscopy of sample cross-sections.

3 Results and Discussion: Fig. 1
shows the TEM images of the Co-
implanted sample as a function of
annealing temperature. At low
temperatures the nucleation and growth
of nanoparticles is limited by the lack of
diffusion and only small particles are
observed, concentrated at the projected
range of implanted cobalt distribution.
As the annealing temperature increases,
the size of the nanoparticles increases
and some long-range transport of Co is
observed. This is illustrated in Figs. 1b
and 1c for samples annealed at 700°C
and 900°C, respectively. During



annealing at 900°C cobalt atoms easily
diffuse to the surface and SiO,/Si
interface forming a bimodal or trimodal
depth distribution as shown in fig. 1c.

Fig. 1 Cross-sectional TEM images of Co
implanted samples annealed at 500°C (1a),
700°C (1b) and 900°C (1c) for one hour.

Fig. 2 Cross-sectional TEM images of Co-Pt
implanted samples annealed at 500°C (1a),
700°C (1b) and 900°C (1c) for one hour.

The evolution of nanoparticles in
samples implanted with Co and Pt is
shown in Fig. 2. Alloying of Co and Pt
leads to smaller particles on average
than for the equivalent total fluence of
Co-only due to the low diffusivity of Pt in
SiO..

Magnetic characterisation of these
samples was carried out with a
maximum applied field of £10000 Oe
using a super conducting quantum
interference  device (SQUID) in
hysteresis mode. The effect of size of
nanoparticles and their type (i.e. metallic
or alloy) on magnetization was
observed. It was found that the CoPt
alloy show an enhanced magnetic
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character in all the cases studied. Due
to the addition of Pt to Co increased
coercivity of the CoPt sample annealed
at all the temperatures.
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