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FePt; and CoPt; compound nanoparticles were studied, magnetically and structurally. Compound
ordering in crystal structure of these nanoparticles is formed at 600° C. Meanwhile, the shape and
size of grains are prominent to be controlled. In this work, layers of FePt; and CoPt3 nanoparticles
with thicknesses of respectively 20 nm and 10 nm were fabricated on Si wafer, in L1, compound
ordered phase. In these layers the size of nanoparticles were less than 10 nm according to Field
Emission Scanning Electron Microscopy (FE-SEM) analyses. Direct synthesis method using
sputtering system was applied. In order to orient nanoparticles, they were annealed, at 350° C
and then cooled, in magnetic field of 30 mT. X-ray Diffraction (XRD) and Vibrating Sample

Magnetometer (VSM) analyses showed crystalline, compound and directional ordering of these

© The Author(s) 2024 nanoparticles, respectively.
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1. Introduction

Both as prepared FePt;_x and CoxPt;_y bimetallic com-
pounds, have fcc crystal structure and after a phase transi-
tion through annealing process [1] they have L1y or L1,
compound ordering for x = 0.5 and x = 0.7, respectively
[2]. In L1y, c lattice constant is smaller than a and fcc struc-
ture is converted to fct [3]. Crystal and compound ordering
can be investigated from x-ray diffraction peaks. The ap-
pearance of (001) and (011) weak peaks in this structure is
the sign for compound ordering [4, 5] and partial separation
of (002) and (200) peaks from each other is the sign for the
difference between a and c lattice constants, which is the
evidence for conversion of fcc to fct [5].

The effect of the presence of magnetic field while grains
grow or during annealing and cooling is the formation of
third ordering. That is, crystal directions of grains are the
same, with respect to each other. This effect leads to in-
crease in (001) peak intensity [6] and if the direction of
magnetic field is perpendicular to the surface of the sample,
(001) direction of grains is also perpendicular to this sur-

face. In such conditions, magnetically, grains coalescence
to some extent and exchange interaction results in ferromag-
netic effect [7, 8]. This changes the curve of magnetization
(M) versus applied magnetic field (H), and causes magne-
tization to reach to saturation in lower magnetic field. L1
compound ordering has high magnetic coercivity [9] and
therefore is used in magnetic memories [10]. Consequently,
many works have been done on FePt [11, 12].

In order to form compound ordered phase, the sample needs
to be annealed at 600° C. This gives rise to metallic nanopar-
ticles coalescence and change in their shape and size. There
are different methods suggested to overcome this problem
[13, 14]. The growth of nanoparticles at high temperature
means that in direct synthesis method, compound ordered
phase can directly be formed at lower temperatures, so that
the shape and size of nanoparticles remain unchanged.

In this work, focus is on fabrication of FePt; and CoPt;
nanometric granular layers and making them directional.
In order to keep the shape and size of the nanoparticles,
the temperature was not raised higher than 350° C. Effects
of the presence of 30 mT magnetic field during anneal-
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Figure 1. FE-SEM results of nanometric granular layers fabricated by sputtering method; a) sample 1, b) sample 2, c¢)

sample 5, d) sample 6.

ing on FE-SEM, XRD and VSM results were investigated,
which shows that the size of nanoparticles remains nearly
unchanged and they are crystally and magnetically direc-
tional.

2. Experimental details

Nanometric granular layers of Iron-Platinum and Cobalt-
Platinum compound were deposited on Si wafer using sput-
tering system. The synthesis conditions were as follows:
Co-sputtering, base vacuum of 10 — 5 Torr, deposition rate
of 0.3 A/S and 0.6 A/S for Co-Pt; and Fe-Pts layers, respec-
tively. Argon pressure of 10 —2 Torr and the temperatures
of two series of substrates were respectively at room tem-
perature for CoPt; and 360° C for FePts.

In first step, CoPt3 layer of 10 nm thickness was deposited
on Si wafer using rf power supply and two targets of Co and
Pt, by Co-sputtering method. Then, 20 nm Fe-Pt layer was
deposited on two series of substrates which were Si wafer
and CoPt3/Si layer, using dc power supply and two targets
of Fe and Pt, by the same method. Therefore, three series of
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samples were obtained on Si substrates: CoPt;3 single layer,
FePt; single layer and FePt3/CoPt3 bilayer.

After that, some samples were placed in vacuum media of
350° C perpendicular to 30 mT magnetic field of a perma-
nent magnet for 30 min. Also, they were cooled in such
magnetic field up to room temperature. It lasted 1 hour for
temperature to reaches to 100° C.

XRD analysis was done in order to determine crystal struc-
ture of the samples.

For determination of the shape, size and distribution of
grains on the substrate, FE-SEM analysis was performed
and magnetic properties of the samples were studied via
VSM analysis.

The steps of samples fabrication are respectively as follows:

a) CoPt3 layer:
1- 6 x 4 mm wafers were cut and washed in ultra-

sonic system using acetone and were put in sputtering
chamber on anode’s place.
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Figure 2. XRD patterns of samples; a) CoPts, b) FePt3, annealed and cooled in magnetic field of 30 mT, c) as prepared
FePt3/CoPt; and d) FePt3/CoPts annealed and cooled in magnetic field of 30 mT.
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Figure 3. Schematic of crystal structure of three different
phases. The difference is in compound orderings of com-
pounds [15].

2- Cobalt and Platinum compound target were put on
cathode’s place that was connected to rf power supply to be
turned on after reaching to deposition step.

3- The vacuum pressure reached to the order of Torr (1
mmHg) using rotary pump.
4- The vacuum pressure reached to the order of 10 — 5 Torr
using Turbo pump that its rotational speed reached up to
80000 rpm, gradually. Then, in order to flow Ar gas, the
rotational speed of turbo pump decreased to 45000 rpm.
5- The flow rate of Ar gas made the pressure of the chamber
10 — 2 Torr.
6- In this pressure and when the samples were covered by a
shutter, rf power supply was turned on and the power was
increased in order the plasma to be formed.
7- By changing the pressure of Ar gas and the power of
power supply, the deposition rate was controlled at 0.3 A/s.
8- By opening the shutter, the thickness and time increased
gradually up to final thickness of 100 A where power
supply turned off according to system’s data.
9- The samples were kept under vacuum until the next
deposition.

b) FePt; layer:

1- Some previous prepared samples and new clean
raw wafers were put on the anode of the sputtering system.
2- Platinum and Iron compound target was put on cathode
which was connected to dc power supply.

3- The steps of 3 to 5 of part (a) were repeated.

4- The temperature of the anode’s heater was set at 360° C.
5- The dc power supply was turned on and the voltage was
increased in order the plasma to be formed.

6- By making gradual changes in the voltage and changing
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Figure 4. VSM analyses of bilayer samples of FePt3/CoPt3,
a) annealed and cooled in magnetic field, and b) as prepared.

the pressure of Ar gas, while samples have been covered by
shutter, deposition rate was adjusted to 0.6 A/s.

7- By opening the shutter, deposition started according
to the data and it continued until reaching to the final
thickness of 200 A and then power supply was turned off.
8- Samples were kept under vacuum.

¢) Annealing in magnetic field

1- A place was prepared for permanent magnet on
top of the anode with 1 cm distance and parallel to that.

2- Three samples of first series, four samples of second se-
ries (prepared compound bilayers explained in respectively
(a) and (b) parts), and four samples of single layers of b
series were put on horizontal surface of anode with 1 cm
distance to magnet’s pole, where the magnetic field is 30
mT. This magnetic field was measured using tesla meter.
3-In 10 — 2 Torr, while the rotational speed of Turbo pump
was on %20, the heater was turned on in order the surface
of the anode and samples to be heated. The rate of increase
in temperature was 1° C/s and the final temperature reached
to 350° C.

4- When annealing started, the rotational speed of Turbo
pump was adjusted to %50 and consequently the pressure
decreased to 10 — 4 Torr.

5- Samples were kept in this vacuum at 350° C, in 30 mT
magnetic field for 30 min.

6- The heater was turned off, while the vacuum and
magnetic field remained unchanged. The temperature
reached to 100° C exponentially, during 1 h.

7- The vacuum and magnetic field remained unchanged
until the temperature reached to the room temperature.
The number of samples were as follows:

1) As prepared CoPt3
2) As prepared FePt3
3) Annealed and cooled CoPt3 in magnetic field
4) Annealed and cooled FePt; in magnetic field
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5) As prepared FePt3/CoPts
6) Annealed and cooled FePt3/CoPt; in magnetic field

3. Results and discussion

Figure 1 shows FE-SEM results of metallic nanoparticles
layers fabricated using sputtering method. CoPt3 layer with
thicknesses of 10 nm and FePt3 layer with thicknesses of
20 nm, both deposited on Si substrate, are shown in Figures
1(a) and (b), respectively. Figure 1(c) shows as prepared
FePt3/CoPt; bilayer and Figure 1(d) shows the bilayer after
annealing and cooling in magnetic field. All four samples
have spherical grains, with the size of smaller than 10 nm
distributed on the surface of the layer, uniformly. The size
of nanoparticles did not increase during annealing at 350° C,
due to the presence of magnetic field. The EDS determined
the percentage of Pt and Fe in FePt sample: %26 Fe, %74
Pt.

X-ray diffraction (XRD) pattern of samples is shown in
Figure 2 according to JCPDS cards number 29-0499 for
Figure 2(a) and 29-0716 for 2(b), 2(c) and 2(d) Figures.
Pt that has fcc structure, does not show (001) and (011)
peaks, due to zero structure factor, but in Copts (Figure 2a)
and FePt; (Figure 2b) compound ordered phases containing
two types of atoms these two peaks are formed. Figure
3 shows crystal structure of compounds of two Fe and Pt
atoms in three different phases [15]. According to Figure
3(a), these two atoms, in as prepared compound, at room
temperature, are distributed randomly in atomic positions
of fcc structure. When there is the same ratio of two atoms
in the compound, due to high temperature, L1y compound
ordering in fct crystal lattice is formed (Figure 3b). FePt3
compound [16], at high temperature, according to Figure
3(c), has L1, compound ordering with fcc crystal structure,
which occurs in the synthesized samples of this work.

Due to the difference in atomic shape factor of these two
atoms, structure factors of L1y and L1, are not zero but
weak, and it is expected that (001) and (011) peaks appear
weakly. However, high intensity of (001) peak, the absence
of (011) peak and lower intensity of (111) peak are the signs
showing that samples which were annealed and cooled in
the presence of magnetic field were directed in L1, struc-
ture. Therefore, most nanoparticles were grown in (001)
crystal direction which is perpendicular to the surface of the
layer.

Figures 2(c) and 2(d) show FePt3/CoPt3 bilayer samples
respectively before and after annealing and cooling in pres-
ence of magnetic field of 30 mT. Appearance of (111) peak
in 20 = 41°, and partial separation of (002) and (200) peaks
from each other respectively in 20 = 47.2° and 20 = 48° are
the evidence for the partial formation of fct structure [17]
with its a = 3.9856 A and ¢ = 3.9201 A lattice constants,
so that c/a = 0.98.

In XRD results, for small angles, the slope of the graph
is positive, which is due to low thickness of the samples
(10 nm, 20 nm, and 30 nm) and passage of part of X-ray
photons from sample without diffracting that leads to the for-
mation of background radiation in small angles with higher
intensity. Lower slope of background, in XRD pattern for
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FePt3/CoPt; bilayer, is for larger thickness of this sample
(30 nm) with respect to other samples.

Figure 4 shows magnetization (M) versus magnetic field
intensity (H), measured by VSM analysis. As prepared
FePt3/CoPt; sample has been compared to annealed and
cooled in magnetic field FePt3/CoPt3 sample. Annealing
at 350° C and cooling in magnetic field of 30 mT leads
to alignment of nanometric single domain grains that are
nearly joined to each other and strengthen the effect of ex-
change interaction in sample [7]. As a result, M(H) reaches
to its saturation limit in lower applied magnetic field. Fig-
ure 4(a) in comparison to 4(b) shows this result. That is,
saturation field (Hg) of the sample decreases because of
cooling in magnetic field, and the behavior of the magne-
tization of the nanoparticles (Fig. 4a), in comparison to as
prepared sample (Fig. 4b) is more similar to ferromagnetic
nanoparticles.

4. Conclusion

Three types of directional, compound and crystalline
ordering were formed in FePt;, CoPt3 and FePt3/CoPt3
granular nanolayers. Direct synthesis method in deposition
by sputtering system results in growth of nanoparticles
with the size of smaller than 10 nm. Although 600° C is
required for phase transition from fcc to fct structure with
L1, compound ordering, this phase was also formed in
350° C through direct synthesis method. The appearance of
(001) peak, in XRD pattern, is the evidence for the presence
of this phase. Moreover, the perpendicular magnetic field
to the surface of the layer resulted in ordered orientation
of these nanoparticles so that their (001) crystal direction
is perpendicular to the surface of the layer which can be
investigated through high intensity of this peak.
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