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Nanoparticles of elemental cobalt and CoPt alloys have been synthesised, via
ion implantation and a range of thermal annealing conditions, within 100 nm
silica thin films thermally grown on silicon substrates. The size and spatial
distributions of the nanoparticles are determined from transmission electron
microscopy of sample cross-sections and the crystal structure from glancing
angle X-ray diffraction analysis.
These results are correlated with
magnetisation measurements on the same range of samples.
1.

Introduction
Ion implantation is a versatile technique for studying the synthesis and properties of
nanosized metal particles in different host materials [1]. In particular, it is a non-equilibrium
process that can be used to introduce metallic species into a host material at concentrations
well above their equilibrium solubility limit. It also provides the flexibility to choose
particular metallic species or combinations of species for investigation. Such nanoparticles
have many potential applications in areas as diverse as biotechnology, magnetic fluids,
catalysis, magnetic resonance imaging and data storage. The latter application typically
requires a high density of small magnetic nanoparticles located in the near-surface region of a
protective matrix or thin-film. The ability to pattern arrays is also an advantage offered by the
implantation technique.
Cobalt, a well known magnetic material for data storage applications, has been paid
special attention for the past few years, particularly with regard to the evolution of magnetic
properties with the cluster sizes, and super-paramagnetic behaviour [2]. Co-Pt alloy films
with a face-centred tetragonal structure have long been considered the bench mark for
ultrahigh density magnetic recording media [3,4]. In this paper we expand on work presented
at Wagga 2010 [5] by examining the formation of nanoparticles of Co and nominally 50% Co
50% Pt alloy, in silica via implantation, for a range of subsequent thermal treatments.
Magnetisation measurements and analysis of the structure and particle size distributions of
these samples were undertaken and comparisons made between the two different kinds of
nanoparticles and four different anneal conditions.
2.

Sample preparation
Starting substrates consisted of a 100 nm SiO2 layer thermally grown on (100) oriented
Si wafers. Separate regions of the silica layer were implanted with 50 keV Co ions with
fluences of 6×1016 ions/cm2 or, for the Co-Pt alloy, sequentially implanted with 50 keV Co
and then 100 keV Pt ions each with a fluence of 3×1016 ions/cm2. According to the MonteCarlo ion-range simulation code SRIM 2007 [6], the average range of both Co and Pt ions in
SiO2 is ~43 nm at these respective energies. After implantation the samples were variously
annealed in a nitrogen atmosphere at either 500°C, 700°C or 900°C for one hour, or 900°C for
two hours. Implantation fluences and depths were confirmed with Rutherford backscattering
spectrometry (RBS) using 2 MeV He+ ions. The size and spatial distributions of the
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nanoparticles were measured by transmission electron microscopy (TEM) of sample crosssections, and the crystal structure of the nanoparticles was determined from glancing angle xray diffraction measurements. Magnetisation was measured at room temperature using a
SQUID magnetometer. For the latter measurements, the substrates were thinned to ~ 100 μm
to reduce the diamagnetic contribution from silicon.
3.

Results and Discussion
A systematic structural and compositional investigation was carried out on the samples
using TEM. Figure 1(a) shows bright-field, cross-sectional images for samples implanted
with Co, while the estimated Co particle size distributions are in Fig. 2. Clearly the sizes of
the nanoparticles increases with increasing anneal temperature and time. The average size
increasing from ~2 nm for the 500°C anneal to ~19 nm at 900°C (2 hours). The diffusion of
Co with the increasing temperature also leads to formation of some features at the Si substrate
interface and the surface. The TEM images of Fig. 1(b) are for the Co-Pt samples with the
corresponding 4 anneal conditions. Size distributions for these samples are in Fig 3, where
again we see larger particles following the higher temperature anneals. The addition of

Fig. 1. TEM images of Co (left) and Co-Pt (right) implanted silica samples. Samples were annealed at 500°C,
700°C, 900°C (1hour) and 900°C (2 hours) respectively.

Fig. 2. Size distributions of the Co implanted silica samples annealed at 500°C, 700°C, 900°C (1hour) and
900°C (2 hours) respectively.
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Pt has reduced the amount of Co diffusion, although some diffusion is still evident with Co
oxide formation at the surface and CoPt3 formation elsewhere indicating differential
movement of Co and Pt.

Fig. 3. Size distributions of the CoPt implanted silica samples annealed at 500°C, 700°C, 900°C (1hour) and
900°C (2 hours) respectively.

All the samples were also examined with grazing incident x-ray diffraction. The XRD
on Co nanoparticles annealed at 500°C revealed a single hcp phase (the small nanoparticles
give broad 101 and 200 peaks). At 700°C these peaks are narrower with the addition of a
more intense peak at 44.2° corresponding to the fcc phase. As the annealing temperature
increases, Co nanoparticles grow larger in size and the dominant phase changes from hcp to
fcc. The 900°C sample shows only fcc (not hcp) peaks. Also there are indications of Cosilicide (CoSi2) and Co oxide formation at 900°C. XRD for the alloy shows the same trend of
narrower peaks for higher anneal temps corresponding to increased particle sizes. The main
phase present is fct Co-Pt with a hint of CoPt3 at 900°C and 2 hr. Formation of some Co
oxide at the surface (seen via the TEM) explains the depletion of Co required for the latter.

Fig. 4. Magnetisation measurements for Co (left) and Co-Pt (right) implanted silica samples.

SQUID magnetometry was used to show and characterise the magnetic behaviour of
the nanoparticles. Hysteresis loops were collected at room temperature and up to ±10000 Oe.
The resulting data for all the Co and CoPt cases are shown in Fig. 4, wherein the magnetic
moment per atom was calculated based on the nominal implant fluence and the main curves
are truncated at ±900 Oe (Cases where saturation is not achieved at this field have an inset).
In general, the lower temperature anneals result in largely paramagnetic/ super paramagnetic
responses to applied field while the 900°C anneals are largely ferromagnetic. Saturation and
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remanent magnetisation (Ms and MR) increase with anneal conditions (particle size) for both
types of nanoparticles and values are plotted in Figs. 5 and 6 for Co and CoPt, respectively.
The trend with coercivity (Hc) is also generally an increase with hotter anneal. Although there
is a minimum at 700°C for the Co case due to initial formation of fcc Co which is
magnetically softer than the hcp phase it replaces, and for Co-Pt, Hc reduces for the longer
anneal at 900°C which links to increased formation of nonmagnetic Co oxides and CoPt3.

Fig. 5. Summary of Ms, MR and Hc for the Co implanted silica samples with different anneal conditions.

Fig. 6. Summary of Ms, MR and Hc for the CoPt implanted silica samples with different anneal conditions.

4.

Conclusions:
Our results provide further evidence that ion implantation is a viable approach for the
formation of patterned arrays of magnetic nanoparticles in a silica matrix as may be useful for
magnetic storage and other applications. For the examples, Co and Co-Pt, explored here it is
clear that the size and magnetic nature of the resulting particles depend critically on anneal
conditions. The elemental Co nanoparticles produced the superior saturation magnetisation
when annealed at 900°C for 2 hours. However, the Co-Pt alloy nanoparticles produce a higher
coercivity, when annealed for 1 hour at 900°C.
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