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Abstract

Magnetic CosoPtso films few nanometers thick have been deposited by Pulsed Laser Deposition on MgO (100) single crystal at a deposition
temperature of 600 °C and then annealed “in situ” for different time. A very thin Pt underlayer (<2 nm) with an incomplete coverage is used as a
possible template to favour the growth of isolated grains of the magnetic layer. The correlation between the structural, microstructural and
magnetic properties has been studied as a function of the annealing time. In particular, measurements gave evidence of the presence of two
competing effects of the annealing treatment: formation of hard fct-CoPt phase and thermal diffusion process between Pt and CoPt layer resulting

in a reduction of the crystallographic order.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Chemically ordered L1, CosoPtso thin films, due to their
high magneto-crystalline anisotropy [1-3], have received a
great interest in the last years for their potential application in
high density magnetic recording [4,5]. The increasing of data
storage density imposes the need of a material consisting of
magnetically isolated grains with a size of few nanometers
(<10 nm) [6]. In such dimension range high magnetic aniso-
tropy is needed to minimize the magnetization vector fluc-
tuations that tend to destabilize the magnetization of recorded
bits (“superparamagnetic regime”).

The phase diagram of the CoPt alloy [7] shows, in the
region close to the equiatomic composition, a phase transition
(T=750 °C) from a chemically disordered face-centered-cubic
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(fce) structure at higher temperatures to an ordered face-cen-
tered-tetragonal (fct) structure (L1, phase) at lower tempera-
tures constituted by alternated Co and Pt planes aligned along
the [001] direction. Generally speaking, the as-deposited alloy
is characterized by the disordered structure independently from
the deposition temperature, and an annealing treatment is ne-
cessary to assist the formation of the long range chemical
ordering [1].

This paper is dedicated to the study of few nanometers thick
(~5 nm) CosoPtsq films deposited by Pulsed Laser Deposition
(PLD) on MgO (100) single crystal. A very thin Pt underlayer
(<2 nm) showing an incomplete coverage is used as a possible
template for an isolated grain growth of the magnetic layer. We
studied how the duration of the post deposition annealing
treatment modifies the structural and magnetic properties of
such system.

The peculiarity of PLD compared to other deposition
techniques is the possibility of growing films from a plasma
formed by high energy species (Eyx between 10-100 eV),
resulting in an enhanced surface mobility of the adatoms that
settle on the substrate [8]. The surface diffusion during the
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Fig. 1. Diffraction patterns of CoPt/Pt/MgO thin films annealed at 600 °C, as a
function of the scattering parameter and of the annealing time. The vertical
arrows indicates the positions of the Bragg reflections: (a) CoPt fct [110],
¢=0.2405 nm (b) Pt[111] g=0.2655, (c) CoPt fcc [111] ¢=0.2875 nm, (d) MgO
[200] ¢=0.2981 nm, (e) Pt [200] ¢=0.3200 nm, (f) CoPt fcc [200] ¢=0.3301.

growth, generally leads to very smooth film surface and high
epitaxial degree, as required for hard disk drive applications.

2. Experimental

Samples were prepared by PLD using a Lambda Physik
excimer laser KrF (1=248 nm) at an energy fluence of 3 J/cm?
and a pulse repetition rate of 10 Hz. Depositions were performed
on polished MgO (100) single-crystal substrates in a frontal
geometry with a distance of 5.5 cm between target and substrate.
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Films were deposited in a HV-chamber with a liquid nitrogen
trap (Ppack=7% 107° Pa; Pyrowin=2x10"" Pa) at Ty, =600 °C
and for a deposition duration of 2 and 5 min for the underlayer
and the magnetic layer, respectively. A carousel with Pt and a
composite CoPt targets (formed by circular sectors of Co and Pt
pure elements) was used to sequentially deposit the two dif-
ferent layers. Therefore, samples were annealed in situ at 600 °C
for a time ranging from 45 up to 150 min.

Structural characterization was performed by Energy
Dispersive X-ray Diffraction analysis (EDXD) by a non-com-
mercial instrument, making use of the white radiation coming
from a water-cooled X-ray W anode tube (Philips, model
PW2214/20) supplied at 55 kV and 20 mA. Magnetic proper-
ties were measured at room temperature using Vibrating Sam-
ple Magnetometry (VSM) and SQUID in a field of about 2 T
applied both parallel and perpendicular to the film surface.
The microstructure was analyzed by commercial AFM and
STM-UHV systems.

3. Results and discussion

Diffraction patterns of a set of CoPt/Pt/MgO samples sub-
mitted to annealing at 600 °C for different times (0" <f,,,<150")
were collected at the same scattering angle (29=%incident™
Drefiectea=7°) 1n reflection mode, but at different tilt angle o,
where 0= (Fincident — Vrefiected)/ 2 [9], and are shown in Fig. 1. In
all the samples contributions from MgO (MgO<200>(d) at
¢=0.2984 (5)nm " '), Pt (Pt<111>(b) at g=0.2655(5)nm" ') and
fcc-CoPt phase (fec-CoPt<111>(c) at g=0.2875(5) nm ™ ') were
detected. For the annealing time up to 120’ <200> reflections of
both Pt (e) and fcc-CoPt (f) phase are also present (at ¢=0.3200
(5) nm~ " and ¢=0.3301(5) nm~ ' respectively). Due to the
different o values, the relative intensities of the peaks reported in
Fig. 1 are not directly comparable. However, in this way, even
the very weak signals coming from the thin film, otherwise
hidden by the substrate reflections, can be detected. Indeed,
although the comparison is only qualitative, it can now be
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Fig. 2. (a) Coercive field at room temperature as a function of the annealing time. (b) Room temperature VSM experimental curves in longitudinal (—@-) and

perpendicular (—A—) geometry of the sample annealed for 120’.
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Fig. 3. (a) STM image and (b) deep profile of the sample annealed for 120’

noticed that the intensity ratio between <111>(b) and <200>(e)
Pt peaks intensity increases with the annealing time, being
<111> the thermodynamically most stable orientation. As a
consequence the fcc-CoPt phase assumes either the <111>(f) or
the <200>(f) orientations according to the underlayer crystallo-
graphic structure. For an annealing time of 120’ the L1,—CoPt
ordered phase was also detected as can be seen by the appearance
of the <110>(a) peak (at ¢=0.2405 (5) nm™ '), which is not
allowed in the cubic diffraction pattern [10]. For longer
annealing duration the (a) reflection is still present but with a
very low intensity and also the (b) Pt peak is barely visible. This
behaviour is probably due to the thermal diffusion between Pt
and CoPt layers that causes a reduction of the crystallographic
order.

The variation of the coercive field H. in the film plane with the
annealing time in reported in Fig. 2a. In particular A, increases
with increasing the fct-CoPt fraction, reaching the highest value of
2.27%x10° A/m (2860 Oe) for #,,,=120" when the magnetically
hard fct phase fraction is at the maximum concentration.
However, the fcc-CoPt phase is always present and, being
magnetically soft, tends to reduce the coercive field. Magnetic
measurements applying the field perpendicularly to the film
plane, were performed in order to determine the film anisotropy of
the best sample. The magnetization curve showed hysteresis also
along this direction with a coercive field of 1.99x10° A/m
(2500 Oe) (Fig. 2b). This behaviour can be explained considering
that the fct-CoPt alloy has the magnetocrystalline anisotropy axis
along the [001] direction and in our case, being the fct domains
[110] oriented, the c-axis lies on the film plane. However, if the
[110] orientation presents a large angular distribution, the [001]
axis can form an angle with the film surface whose perpendicular
component is not zero thus contributing, at a first approximation,
to the perpendicular anisotropy. The AFM image of the Pt
underlayer illustrates that the film was constituted by well-
separated islands [11]. The STM analysis of the CoPt surface
showed that the magnetic layer was not formed by isolated grains.
Actually, although the fully coverage of the surface was not
reached for this thickness, all the films were electrically
continuous. Moreover, as shown in Fig. 3, the surface was

constituted by very smooth islands (roughness<0.2 nm) only
partially separated by deep holes whose height is comparable to
the film thickness. The size of the islands, however, is quite large
due to both the high deposition temperature and the thermal
treatment, and further increased with the annealing time.

4. Conclusion

In summary, we have prepared by PLD CoPt alloy films with a
thickness of few nanometers deposited onto a discontinuous Pt
underlayer and studied the correlation between structural, micro-
structural and magnetic properties as a function of the annealing
time. Both X-ray diffraction and magnetic measurements gave
evidence of two competing effects of the annealing treatment:
partial thermodynamic transition to the magnetically hard fct-CoPt
phase from the fcc-CoPt phase and thermal diffusion process
between Pt and CoPt layers that causes a reduction of the
crystallographic order.

The magnetic properties can be explained by the crystallo-
graphic structure. In particular, the coercive field increases with
increasing the fct-CoPt fraction and reaches its maximum value
for #,,,=120'. Probably a large angular distribution of [110]
axis is the main source of the isotropic behaviours of the best
sample.

Microstructural analysis of the CoPt surface showed that the
magnetic layer is formed by very smooth islands partially
separated by deep holes. The lateral size of the islands however
is quite large and increases with the annealing time.
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