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Abstract

The properties of L1,-FePt nanoparticles can be improved in the presence of MgO and Ag interlayers in direct sputtering and
annealing method, respectively. Such properties are crystal and compound ordering, nanostructure and crystal orientation.
In this work, FePt nanoparticles in ferromagnetic L1-fct phase were synthesized using sputtering method on Ag and MgO
layers. According to XRD analyses, the impact of the presence of these two kinds of interlayer on crystal structure and its
orientation has been investigated. Furthermore, the effect of the presence of 10% Ag on these properties has been studied
and their granular layer nanostructures were characterized through the FE-SEM analysis. The results show that the presence
of Ag as nanocompound and interlayer is desirable on declining the transition temperature and controlling the size during
annealing. The presence of MgO as a sublayer in direct synthesis leads to the formation of 10 nm monosize smaller nanopar-
ticles. According to VSM analysis, MgO and Ag sublayers have increased the magnetic coercivity of the FePt nanoparticles

by 3.4 times and 3.7 times, respectively.
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Introduction

FePt nanoparticles in L1-fct compound ordering phase hold
scientists’ attention so as to their magnetic anisotropy and
application in magnetic recording of data. Formation of this
phase requires high temperature with control in the size of
nanoparticles. L1,-fct anisotropic ferromagnetic nanoparti-
cles can be synthesized using sputtering method at 500 °C
[1, 2]. And also, it is possible that deposition is done at
room temperature following which samples are annealed at
temperature higher than 550 °C [3, 4]. The L1-fct crystal
structure needs to be formed with control in the size of nano-
particles. The presence of Ag as a sublayer [5, 6] and mul-
tilayer leads to a decrease in L1-fct transition phase tem-
perature [7]. This is the effect on the decline of the obtained
grains’ size [8]. The other impact of Ag is making crystal
direction of nanoparticles aligned, as a thin film on the Ag
surface [9, 10]. Therefore, the presence of Ag is useful for
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nanostructural and compound ordering of FePt up to roughly
10% Ag [6].

The growth of nanometric FePt layers on MgO layer [11,
12] gives rise to controlling the size and making these nano-
particles orient crystally [13] in L1,-fct compound order-
ing phase. The surface of MgO is uniform with tiny grains,
and the aligned crystal growth of FePt nanoparticles on it is
possible [14]. Choosing appropriate percentage of Ag using
Co sputtering [6], it can be possible to provide a uniform
distribution of FePt nanoparticles [6].

Fe/Pt/Fe is aligned with (001) crystal direction after
annealing at 673 °C [13]. This occurs at 600 °C of annealing
temperature in the case of FePt/Ag/Si02 [9] and at annealing
temperature of 550 °C for [FePt/Ag],, multilayers [7]. More-
over, the presence of Ag with deposition at 550 °C leads to
the increase in magnetic coercivity up to the order of Tesla
[4], but for deposition at high temperature or annealing in Ag
presence, there is not any suitable report about nanostruc-
ture. Ag layers in Ag/FePt/Ag contribute to the increase in
FePt grain’s size at 700 °C up to the 83 nm on average [15].

MgO single-crystal substrate in (100) direction leads to
the directional growth of FePt/MgO [11] and FePt/Pt/MgO
[16]. This increases coercivity up to the order of Tesla, but
needs MgO(100) single-crystal substrate.
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In this work, samples of FePt/Ag/Si and FePt/MgO/Si
layers were synthesized using sputtering on hot substrate as
well as a two-step synthesis: sputtering at room temperature
and then annealing 90% Ar-10% H, atmosphere at 600 °C.
More importantly, the impact of sublayer on magnetic prop-
erties, their crystal and nanocrystal structures was deter-
mined and compared with each other.

Experimental details

First, Ag and MgO nanolayers were deposited on (001) Si
wafers using sputtering method. Then, FePt nanoparticles
with 10% Ag were deposited on synthesized Ag and MgO
layers using rf and dc sputtering methods, respectively. The
base vacuum pressure has been 4 x 107 torr, and Ar pres-
sure has been 2 X 1072 torr. A group of samples were synthe-
sized at room temperature and then annealed at 500 °C and
600 °C for 60 min in 90% Ar—-10% H2 atmosphere. Another
group of samples were synthesized on Ag/Si and MgO/Si
layers at 500 °C using sputtering method. The substrate
holder is heated by an electric heater, and the cathode level
is 7 cm above the substrate. The synthesis conditions are
shown in Table 1 for comparison.

In order to determine the crystal structure, compound
ordering and crystal orientation of the nanoparticles, XRD
analysis was used in STOE STADI MP model with the wave-
length of 1.54 A. The magnetic properties of the samples
were investigated using a vibrating sample magnetometer,
VSM, Lake-Shore model 7400 with the maximum field up
to 20 kOe. Conventional SEM studies were carried out using
a FE-SEM model MIRA3 TESCAN working at 15.0 kV.

Results and discussion

Figure 1 shows the results of the analysis of FePt nanoparti-
cles on a layer of Ag, which were annealed after depositing
by sputtering. Figure la shows a granular layer of Ag with
the average thickness of 10 nm that has been deposited on

Si wafer at room temperature. It is considered that Ag has
grown granularly and formed discontinuous background.
Figure 1b—d shows sample 1. Figure 1b shows a 20-nm
layer of FePt which was deposited at room temperature on
a 40-nm Ag layer. Then the sample was annealed at 500 °C
(Fig. 1c¢) and 600 °C (Fig. 1d) for 1 h. As the presence of Ag
sublayer makes it possible for FePt nanoparticles to transit
to L1,-fct phase at 500 °C, Fig. lc shows a kind of suit-
able situations in which a relatively uniform nanostructure
is obtained. At temperatures above 600 °C, Ag atoms are
separated from the sublayer and constitute smaller Ag nano-
particles (Fig. 1d) and FePt layer has lost its uniformity. The
image of sample 2 in comparison with sample 3 is shown
in Fig. le, f. The presence of Ag sublayer in direct synthe-
sis with sputtering method at 500 °C, which forms larger
and uniform growth, is not suitable (Fig. 1e). Therefore,
Ag interlayer presence is just suitable in indirect synthesis,
nanostructurally (Fig. 1c).

In Fig. 2 the effect of MgO sublayer in samples 5 and 6
is shown using FE-SEM analysis. Figure 2a shows a 10-nm
uniform MgO granular layer which has been deposited on Si
using magnetosputtering method. Figure 2b—d shows sample
5 which is FePt—-Ag/MgO/Si with 10% Ag that has been
deposited at room temperature and has not been annealed
(Fig. 2b) and has been annealed at 500 °C (Fig. 2c¢) and
600 °C (Fig. 2d). At high temperature, the absence of MgO
bonding with Si sublayer leads to the formation of FePt—Ag/
MgO islands on Si and separately tiny Ag nanoparticles. It
has become obvious that MgO sublayer is not suitable in
annealing stage. However, according to Fig. 2e, in direct
synthesis with magnetosputtering method at 500 °C the
MgO sublayer presence gives rise to the uniformity and
appropriate size of FePt—Ag (sample 6). It is obtained from
the comparison of Fig. 2e with Fig. 2f. Figure 2f shows the
image of sample 7 which is without MgO layer. Therefore,
the presence of MgO interlayer is nanostructurally suitable
just in indirect synthesis. In direct synthesis method, the
presence of MgO layer is useful, and in annealing after depo-
sition at room temperature method, the presence of Ag layer
is suitable.

Table 1 The synthesis

. Samples no. Interlayer Sublayers tem-  Annealing tem-  Thickness (nm) Deposition

conditions of samples perature (°C) perature (°C) rate of FePt
(Afs)
1 (a—c) Ag RT -, 500, 600 20/40 0.5
2 Ag 500 - 15/12 1.5
3 - 500 - 15 1.5
4 MgO 500 - 15/12 1.5
5 (a—c) MgO RT -, 500, 600 10/10 1.8
6 MgO 500 - 15/20 0.9
7 - 500 550 10 1
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Fig. 1 FE-SEM analyses. a Ag, b 1a, ¢ 1b,d 1c, e 2 and f 3 samples

Fig.2 FE-SEM analyses. a MgO, b 5a, ¢ 5b, d 5c, e 6 and f 7 samples

XRD patterns of three samples, 7, Sc and 1c which were
annealed without sublayer, with MgO and Ag sublayers,
respectively, are shown in Fig. 3a—c. The presence of MgO
and Ag layers leads to an increase in the (001) peak inten-
sity in L1,-fct structure (Fig. 3b, c). The presence of (001)
peak in FePt structure is the evidence for the transition to
L1,-fct phase with compound ordering, and the (001) to
(111) peak intensity ratio is an indicator for directional
growth of nanoparticles in mentioned phase in (001) direc-
tion perpendicular to the surface of the layer.

The separation of (002) and (200) peaks in Fig. 3c shows
that the structure converted from (fcc) to (fct). The higher
(002) peak intensity with respect to (002) or the elimina-
tion of (200) peak is another confirmation for samples to be
directional due to the presence of MgO and Ag interlayers or
Ag as a nanocomposite, which is shown in Fig. 3.

Figure 4 shows XRD analyses of FePt samples which
were deposited at 500 °C with 10 nm thickness using direct
synthesis method. In Fig. 4b, c MgO and Ag interlayers are
used, respectively, and Fig. 4a shows the sample deposited
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without any sublayer on Si wafer. In these figures, every
condition is the same showing the type of sublayer. The pres-
ence of MgO or Ag gives rise to the appearance of L1, com-
pound ordering peaks, such as (001) and (110). Figure 4a
lacks these two peaks because this sample lacks MgO or
Ag interlayer.

The result of VSM analyses of samples 2, 3 and 4 which
were synthesized using direct sputtering method on hot sub-
strate is shown in Fig. 5.

Figure 5a shows FePt/Si sample which lacks interlayer.
Figure 5b, ¢ shows FePt/MgO/Si and FePt/Ag/Si, respec-
tively. The effect of the presence of MgO and Ag sublay-
ers was increased by 3.4 and 3.7 times, respectively, in

coercivity.
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Conclusion

Ag presence as the nanocomposite or an interlayer in FePt
nanoparticles accounts for a decline in L1,-fct compound
ordering phase transition temperature of these nanopar-
ticles as well as alignment of their ¢ crystal axis vertical
to the surface of the layer. This alignment would also be
possible in the presence of MgO interlayer. This layer
in direct synthesis at 500 °C leads to the formation of
smaller and monosize FePt nanoparticles, and the pres-
ence of 10% Ag helps to form L1,-fct phase. Ag interlayer
in annealing process, so as to L1-fct phase transition, is
a desirable impact on uniformity of nanostructure in as
much as this makes phase transition at 500 °C annealing
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Fig.4 XRD analyses. a 3, b 4 and ¢ 2 samples
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Fig.5 VSM analyses of nano-
particles. (a) FePt/Si, (b) FePt/
MgO/Si and (c) FePt/Ag/Si

M/MS(ARBIT. UNIT)

temperature possible. Both Ag and MgO interlayers
bring about an increase in magnetic coercivity of FePt
nanoparticles.
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