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Abstract This study investigates how the addition of Co
to a FesoPty; alloy with compositions in the range of
FesoPty;—CosoPty; affects the crystallographic ordering
temperatures and magnetic properties of sputter-deposited
films. Introducing Co into the (Fe_,Co,)soPt4; film affects
the activation energy of atomic migration and grain
growth, thus leading to a higher annealing temperature of
the L1, phase formation. At a Co concentration of x = 0.2,
the saturation magnetization was maximum, at 1,480 emu/
cm?®, and the (Feg gCog2)soPts; film exhibited a coercivity
of about 4 kOe.

Introduction

New media materials are required to increase the recording
density of hard disk drives. Numerous studies of materials
with a high uniaxial magnetic anisotropy constant (Ku)
have been performed. Recent research has shown that the
FeCo alloys have a maximum saturation magnetization
(Ms) of 1,900 emu/cm’ [1]. Burkert et al. [2] predicted
from first principles that very specific structural distortions
of FeCo alloys are associated with a high saturation
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magnetization that is approximately 50% larger than that of
FePt.

For thin films of FePt and CoPt alloys, the crystal
structure of the film deposited at room temperature is
typically a face-centered cubic (fcc) disordered phase (a
space group of Fm3 m), and these materials exhibit soft
magnetic behavior. This fcc-FePt (CoPt) phase can be
transformed to the hard magnetic face-centered-tetragonal
(fct) L1y-FePt (a space group of P4/mmm) ordered phase
by annealing at high temperatures [3, 4]. The fcc-FePt or
fcc-CoPt transforms to the L1y-phase, which has its c-axis
slightly smaller than its a-axis. The CoPt and FePt alloys
have remarkable structures that are responsible for large
magnetocrystalline anisotropy values of 2.8 x 10° and
7 x 10° J/m?, respectively [5]. These values are very high
so that the FePt and CoPt phases are expected to have very
high coercivity as permanent magnets. The L1, ordered
phase exhibits high magnetocrystalline anisotropy along
the c-axis, which is caused by the strong hybridization of
the d bands of Pt with the highly polarized d bands of Fe
[6]. CoPt has a narrower fct phase field than FePt; Pt
constitutes 35-63 at.% in FePt and around 37-53 at.% in
CoPt at 700 °C [7].

The energy product quantity is given by presenting the
largest rectangular area inscribed in the second quadrant of
the B-H-diagram [8]. Studies of FePt permanent magnets in
the form of thin films have yielded very interesting results,
with an energy product as large as 318 kJ/m’ obtained by
intergranular exchange coupling [9]. The L1, equiatomi-
cally ordered FePt alloy is not one of the promising
candidates as a medium material because of the extraor-
dinary permanent magnetic characteristic specified by
Hc = 100 kOe [10]. Increasing the anisotropy energy
constant (Ku), however, also increases the media switching
field, which is proportional to the ratio Ku/Ms, and cannot
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exceed the write field capability of the head. The write field
is believed to be near 5,000 Oe for longitudinal and pos-
sibly twice as large for perpendicular magnetic recording.
[11]

The magnetic properties, crystallization and micro-
structures were examined in relation to the direction of
magnetization. The Pt underlayer is critical to maintaining
the c-axis of the crystal perpendicular to the film [12, 13].
Additionally, excellent crystallographic matching between
the underlayer and the magnetic layer maintains a square
loop, permitting narrow transition widths, governed by the
direction of the easy axis. In addition, an underlayer has
also been applied to promote the L1, phase transformation
[14].

Few investigations of the magnetic properties of the
polycrystalline materials (Fe,_,Co,)soPts; have been con-
ducted. Recently, Chen et al. [15] have reported that Fe,_
Co,Pt;po_r_y alloy nanoparticles could be prepared by self-
assembly. Based on their results, it was found that a phase
transformation from disordered phase to L1, phase oc-
curred during a 700 °C heat-treatment. They observed that
the coercivity of alloy decreased with increasing cobalt
content in the alloy.

The (FeCo)/Pt multilayer structures [16] exhibit per-
pendicular magnetic anisotropy. These thin films were
fabricated on glass substrates by an electron beam evapo-
ration. The [Pt(10 A)/Fe(2.5 A)/Pt(10 A)] x n (n = 8-12)
trilayers of films are sandwiched between Co layers of
[Co(2.5 A)/Pt(10 A)] X m (m = 1-3). The anisotropy of Fe
layers in (FeCo)/Pt multilayers may be induced by the in-
terlayer interaction between the Fe and Co layers via
polarization of Pt. In addition, (FeCo)Pt bulk alloys were
prepared by induction melting, mechanical milling, hot and
cold work, and melt extraction. Preliminary examination of
the structural and magnetic properties of these alloys
indicates that the (FeCo)Pt bulk alloys are an excellent
system for exploring the exchange coupling mechanism in
permanent magnets [17].

Most experimental studies [18] have used FesoPtsp.
Watanabe and Masumoto [19] reported remarkable per-
manent magnetic features of an L1y-FePt bulk material,
which was composed of a greater atomic ratio of Fe
rather than equal stoichiometric Fes(Ptsq. If the magnetic
Fe layer is replaced by a Fe;_,Co, alloy [2], the Co
concentration (x) tailors the saturation magnetization
within a wide range. In addition, Co is the only one of the
three common room temperature ferromagnetic elements
to have uniaxial symmetry, and hence be ideal for digital
recording. [20]. Furthermore, Co has a higher resistance
to chemical corrosion [21]. The above facts suggest that
(Fe,_Co,)soPty; may have the magnetic characteristics
(high saturization magnetization) of FeCo and the
coercivity of the FePt.
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This work attempts to alter the magnetic characteristic
by using FesoPty; rather than FesoPtsq and various con-
centrations of cobalt to prepare the (Fe;_.Co,)soPty; mag-
netic films on a Pt underlayer. The changes in the crystal
structure, microstructure, and the magnetic characteristics
of these alloy films are also investigated.

Experiment

The thin film system in this study consists of a magnetic
layer and a Pt underlayer grown on the Si substrate. Before
the 200 nm-thick Pt underlayer could be deposited, a Ti
adhesive layer and a SiO, layer had to be deposited on the
Si substrate because of the lattice mismatch. The approx-
imately 5 cm (2 inch) diameter target of Fe,_.Co, (x = 0,
0.2, 0.4, 0.6, 0.8, 1.0) alloys were prepared by rf melting in
order to sputter deposit the (Fe;_,Co,)soPts; alloy films.
The purity of the cobalt was 99.99% and that of the iron
was 99.97%. The Pt pieces were pasted on the cast FeCo
alloys to form FeCoPt composite targets. DC magnetron
sputtering deposition was performed in an atmosphere of
ultra clean argon gas at a pressure of 6.666 Pa, and the base
pressure of the system was less than 1.333 x 10~ Pa. The
growth rate of the (Fe,_.Co,)soPt4; thin films was con-
trolled at 2.5 nm s~', and the normal thickness was eval-
uated based on the sputtering time and the microstructural
evaluation of cross-section specimens of the films. The
thickness of the magnetic alloy films was about 80 nm. The
composition of the targets was measured by using induc-
tively coupled plasma mass spectrometry (ICP-MS). The
sputtering yield [22] of Fe, Co and Pt is Ysg, = 1.8 atoms/
Ar*, Ysco, = 1.7 atoms/Ar" and Ysp = 1.6 atoms/Ar",
respectively. The morphology of the thin film was observed
by a field emission scanning electron microscope (FESEM,
Philips XL-40FEG) at an operating voltage of 15 kV
without a conductive thin layer coating. The composition
of alloy films was measured by using energy dispersive
X-ray spectroscopy (EDX) which revealed the composition
of alloy films was close to the targets. The substrate tem-
perature was fixed at T = 500 °C and subsequent anneal-
ing was performed at 500 °C; the substrate was then held at
600 °C for 1 h in a vacuum. The vacuum level of the
vacuum heat treatment was less than 6 x 10 Pa. X-ray
diffraction was conducted before and after the heat treat-
ment to detect structural changes. The crystal structures of
the samples were characterized by multipurpose X-ray thin
film diffractometry (XRD, Rigaku RINT 200). The order-
ing parameter, S, of these samples was evaluated using the
integrated intensities of the (001) and (111) peaks extracted
from fits to scans over these peaks [23]. The intensities of
the observed peaks were obtained by calculating the
integrated area of the characteristic peak of the X-ray
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diffraction. The ordering parameter S was defined as the
probability of correct site occupation in the L1 lattice, and
is given by Eq. 1,
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I(hkl) = C,F(hkl’LPAe*™ ' I(hkl) is the integrated
intensity of the (hkl) diffraction peak; C, is a constant
which depends on the incident intensity. F = 4(xpf-
Fe + xpfpy) and F' = 28(fre — fpy) are the structure factors for
fundamental peaks and superlattice peaks respectively. f(6)
and ¢ M indicate the atomic scattering factor and Debye-
Waller corrections respectively. Iyg; and I;;; are the inte-
grated intensities of (001) superlattice and (111) funda-
mental diffractions, respectively, and (Iog1/l111)meas and
(Ioo1/I111)car are the measured and calculated diffraction
intensity ratios, respectively. The structure factor of the
superlattice peaks is proportional to S; hence the superlat-
tice intensity is proportional to S%, with the proportionality
constant dependent on the chemically ordered phase and
whether the film is epitaxial or polycrystalline. (Iog1/1111)cal
is related to the absorption factor, the Lorentz-polarization
factor and structural factors [24, 25].

The microstructures of the thin films were characterized
using a 200 kV high resolution transmission electron
microscope (HRTEM, Philips Tecnai G2 F20 FEG-TEM).
A superconducting quantum interference device magne-
tometer (SQUID, MPMS XL) was utilized to plot the
hysteresis loops in magnetic fields of up to 5 Tesla.

Results and discussion

The crystal structures of the (Fe;_,Co,)soPty; films with
various Co concentrations were determined by XRD. The
XRD spectra of as-deposited films in the range of Co
contents 0 < x < 1atT, =500 °C revealed the presence
of fcc, fct and the mixed fct and fcc structures. The alloy
films (x = 0 and x = 0.2) that contained a high iron con-
centration exhibited the L1, ordered phase. Alloys that
contain Co from x = 0.4 to x = 1 tended to exhibit pre-
dominantly disordered fcc structure (JCPDS 29-0717),
suggesting that during deposition the (Fe,_,Co,)soPt4; films
with a high iron concentration are transformed from dis-
ordered fcc to L1, phase at T = 500 °C, since FePt alloys

have a lower transformation activation energy than CoPt
[26]. Ostanin et al. [3] reported that the crystal structure of
a FePt film, deposited at room temperature, is typically a
fcc-FePt disordered phase when it is thermodynamically
metastable [4]. This fcc phase can be transformed to fct L1,
ordered phase by annealing at high temperature, since the
ordered phase is thermodynamically stable at room tem-
perature. Thermal annealing or the use of a heated substrate
supplies energy to overcome the energy barrier of the
ordering transition. For this reason, the as-deposited films
that had a high Co concentration were annealed at various
temperatures, as shown in Fig. 1. The crystal structure of
the (Fe(,Cog.g)50Pty; alloy film begins to change when it is
annealed at 500 °C for 1 h. The (001) and (110) diffraction
peaks were compared with those of the as-deposited film at
T, =500 °C. Heat treatment at T, =600 °C yielded
(Fep.2Cog g)soPts; (001) and (110) superlattice reflections,
and (200) and (002) fundamental reflections were also
identified. Interestingly, the original fcc (200) peak splits
into fct (200) and fct (002) peaks, which indicates that the
phase transition to the ordered phase has to be induced at a
relatively higher temperature for high Co content films.
The XRD spectrum of CosgPty; included broad diffraction
peaks, and the peak intensity Ig.oo2) Was too weak to be
identified, as shown in Fig. 2. The CosyPty; film yields a
shoulder at around 26 = 47°, revealing that the L1, phase
of CosoPty; initially grew through nucleation and grain
growth as the ordered fct phase from the fcc parent phase.

Heat treatment at 600 °C for 1 h showed that all alloy
films were the ordered fct phase, except for CosgPty;. The
temperature required for the formation of the L1, phase
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Fig. 1 X-ray diffraction patterns of (Feg,Coqg)soPts; film annealed
at different temperatures for 1 h; the crystal structure of alloy film is
(a) complete fct phase for T,pnea = 600 °C; (b) partial fcc + fet
phases for Tyynear = 500 °C; (¢) predominant fcc + fct phases for
T, = 500 °C
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Fig. 2 X-ray diffraction patterns of CosgPts; film annealed at
Tannear = 600 °C for 1 h

increased according to the number of Co atoms replacing
Fe atoms.

According to phase diagram [27], the larger magnitude
of the transformation enthalpy together with the higher
equilibrium ordering temperature for FePt (1,300 °C) when
compared to CoPt (740 °C) result in a higher driving force,
and thus a lower nucleation barrier for L1, formation in the
former. Therefore, FePt should transform at lower tem-
peratures than CoPt. However, the rates of transformation
depend on the atomic mobility.

The superlattice diffraction line is characteristic of the
ordered L1, phase. The superlattice reflections resulting
from the L1, ordered phase are observed in the XRD dif-
fraction pattern (Fig. 1). The fundamental diffraction lines
in the ordered L1 phase are (111), (200) and (002), and the
superlattice diffraction lines are (001), (110) and (201). For
films annealed at T, = 600 °C, the (001) and (110) super-
lattice reflection becomes weaker as the Co content in-
creases, because the Fe atoms and Pt atoms that exhibit
long range order were disturbed by Co atoms. The XRD
pattern of the L1, samples demonstrates that the (111) peak
shifted toward a higher angle because the formation of the
L1, phase reduced the d-spacing of the (111) plane [28].
Not only do the Co atoms occupy the Fe sites in the FePt
crystal (radius of Fe=0.126 and radius of
Co =0.125 nm), but also the (111) peaks are shifted
slightly toward a higher angle. As stated above, introducing
Co into the (Fe,_,Co,)soPt4; system reduced the d-spacing
of the (111) plane but did not promote the formation of the
L1, phase. The temperature required for the formation of
the L1, phase increased according to the number of Co
atoms replacing Fe atoms. CosoPty; was only completely
transformed following annealing at 7, = 700 °C for 4 h.
The annealing time and temperature required for the
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formation of the L1, phase increased when all of the Fe
atoms were replaced with Co atoms. Figure 3 plots the
dependence of the c/a ratio and that of the ordering
parameter S on the Co content (x) in the (Fe;_,Co,)soPt4;
alloy, to understand how the degree of ordering varies with
the addition of Co. The results showed that a variation in
the ordering parameters from Sgep; = 0.79 to Scope = 0.41
with increasing Co content is compatible with the change
in ¢/a ratio from ¢/apep = 0.96112 + 4.149 x 107 to ¢/
dcopy = 0.97631 = 8.846 x 107,

The c/a ratio of the (Fe,_,Co,)soPts; films increased
with increasing Co content. Accordingly, a smaller c/a
ratio corresponds to a higher degree of ordering. Compared
with c/acepe = 0.97510 of the ordered CosoPty; phase
(T, = 700 °C for 4 h), the c/acop; = 0.97631 annealing for
1 h was larger, and the degree of ordering declined
markedly because the CosoPt4; film had a greater fcc phase
volume and a smaller L1, phase volume, indicating that
CosoPty; exhibited a higher nucleation barrier to the for-
mation of the L1, phase.

Figure 4 depicts the surface morphologies of the (Fe;_
+C0,)50Pty; films with different Co contents (x = 0, 0.2,
0.4, 0.6, 0.8, 1.0). Without Co, the particle size of the as-
deposited FesoPty; films is approximately 20 nm, and the
distribution of particle sizes is highly uniform. In the
(Feg.gCog2)soPty; films, the particles are approximately
30 nm, and are coarser than those in the FesoPty; films.
Some particles are clustered and the surface morphology is
changed. When Co is alloyed at x = 0.4, the grain config-
uration was comparatively unclear. As the Co content was
increased, the morphologies of the (Fey4Coq¢)s9oPts; and
(Fep»Cog g)soPt4; film became more indefinite/irregular. At
Ts = 500 °C, the surface morphology of ternary alloy films
changed due to alloying with the third element, Co.
Additionally, the configuration of the grains in CosgPty;
films is evident, and the sizes of the grains appeared to be
less homogenously distributed than those in the FesoPty;
film.

With the exception of the FesoPty; and CosoPty; films,
increasing the Co concentration resulted in a change in the
surface morphology, which may imply that the Co con-
centration affects the activation energy of the migration of
atoms and grain growth in ternary alloy films during the
transformation of the L1, phase. Toney et al. [29] proposed
that the FePt grain size of the fcc phase or untransformed
phase is much smaller than that of the L1, phase. This is
due to the formation of the L1, phase by nucleation and
growth; once this phase forms, it grows quickly (since it is
thermodynamically stable), whereas the untransformed fcc
part of the film does not grow significantly. As shown in
the XRD patterns (Fig. 1), the as-deposited films contain-
ing Co exhibit less L1, phase and retain more disordered
fcc phase, indicating nucleation of the ordered phase from
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Fig. 3 Dependence of the c/a ratio of (Fe,_,Co,)soPty; and the
variations of degree of ordering (S) on Co content after annealing at
600 °C for 1 h

the disordered matrix. This means that the ternary alloy
as-deposited films tend to exhibit coexistence of ordered/
disordered phases. According to Toney et al. [29], the grain
size of the fcc phase is much smaller than that of the L1
phase. Therefore grain size distribution in the ternary alloy
as-deposited film is broadened. For this reason, the surface
morphology changed with the Co additive in the
(Fe1_,Co,)s5oPty4; films.

Figure 5 shows a bright-field TEM image of the
(FeggCog»)s0Pty; alloy film. The selected area electron

Fig. 4 SEM micrographs of the
as-deposited thin films upon the
Pt underlayer; (a) FesoPty;;

(b) (Feg3Co0.2)59Ptas;

(¢) (Fep6Co0.4)50Pta1;

(d) (Feo4Coo.6)s50Ptai;

(e) (Feg2Coog)soPtas;

(f) CosoPty;

diffraction pattern revealed that the alloy film contained
numerous grains with variously orientated c-axes, as shown
in Fig. 5. In polycrystalline alloy films, the grains were not
generally orientated perpendicularly to the film plane
(substrate), because the use of lattice parameters to control
the grain epitaxy reaches a maximum distance for film
thicknesses of less than 40 nm [30]. Figure 6 presents a
high-resolution TEM cross-sectional image of an (Fegg.
Cog2)soPty; film and the corresponding selected area dif-
fraction (SAD) pattern. Interestingly, the image displays at
least two kinds of defects in a single grain, including dis-
locations and twins. The inset shows the SAD pattern in the
twin plane; the SAD pattern shows the twin reflections
according to the twin plane {111}. The index of (200)t
means that it is a symmetric twin spot (200). In Fig. 6,
polytwin crystallites with a width of 60 nm are evident.
The polytwin present in the L1, phase has twin planes that
are parallel to {111}. The {111} twins in the Lly-phase
FePt films have also been reported in other work [31].
Polytwin structures are formed because of the nucleation
and growth of ordered regions in specific directions, gov-
erned by elastic energy [32]. The twin structures are
formed when transformation strains accumulate, as in the
disorder-ordered phase transformation in (Fe; 1Coy)soPts;
films.

In the (Fe;_,Co,)soPty; films, the ordering parameter of
the ternary alloy is lower than that of FesoPt4;. There is a
strong correlation between degree of ordering and
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L10(002)
L10 (200)
L10(110)
L10 (001)

Fig. 5 The bright-field TEM image and electron diffraction pattern
of the (Feo'3C00'2)59Pt41 alloy film

10 nm

Fig. 6 The TEM images of (FeqgCog,)s9Pts; cross-section film. The
TEM image shows planar defects of twins. The inset shows the
selected area diffraction (SAD) pattern

coercivity. The FesoPty; has a coercivity of about 10 kOe,
which exceeds that of the ternary alloy, which is around
3 kOe. Figure 7 plots the hysteresis loops measured per-
pendicular to the (Fe;_,Co,)soPts; alloy film plane (sub-
strate). The FesoPty; film had a higher coercivity than that
of ternary alloy because it had a higher degree of ordering.
For the CosoPt4; film, the ordering parameter dropped
steeply, indicating that the alloy contained fewer ordered
regions, minimizing Hc to around 800 Oe. The twin
boundaries present in the (Feg gCoqg»)soPty; alloy film may
act as pinning sites but the density of twins was not suf-
ficiently high to cause high magnetic hardness. However,
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Fig. 7 Hysteresis loops measured in a perpendicular direction of the
(Fe_Co,)s5oPt4; alloy films annealed at 600 °C for 1 h (x =0, 0.2;
0.4; 0.6; 0.8; 1)

the saturation magnetization, Ms, of the (FeygCog2)s9Pt4;
film is about 1,480 emu/cm’ higher than that of FesoPty;.
Forming the FeCo metal bond with an fct structure prob-
ably maximizes the Ms of FeCo alloy to approximately
1,600 emu/cm?®, as governed by both the direction of
deposited atoms and thermal diffusion of the temperature
necessary for deposits [2, 33, 34]. Figure 8 plots other
correlations of the magnetic characteristics of the
(Fe{_,Co,)50Pty; films. The Hc =3,000 Oe of (Feq,.
C00_8)59Pt41 exceeds Hc = 2,500 Oe for (Feo_4C00.6)59Pt41.
For ternary alloy films, the degree of ordering in (Feq,.
Cog g)s50Pty; was similar to others, suggesting that the slight
increase in Hc may have been caused by defects in the
single grain that serve as pinning sites that impede the
motion of the domain walls. A small increase in the amount
of 12 at.% Co (x = 0.2) in Fes9Pt4;, or 12 at.% Fe (x = 0.8)
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Fig. 8 The dependence of remanence, saturation magnetization, and
coercivity measured in the perpendicular directions of (Fe;_
+Co,)s0Pty; alloy films on Co concentration (x). The inset shows the
variation of squareness as a function of Co concentration
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in CosoPts; can introduce a lattice distortion, which en-
hanced the coercivity of (Fe,_,Co,)soPty; ternary alloy
films. The results agree with the first principle calculation
by MacLaren et al. [35] in which abnormal anisotropy
occurs at around 10 at.% Co doping in FePt alloys, or
10 at.% Fe in CoPt alloys.

The FesoPt4; has a remnant magnetization (Mr) of about
958 emu/cm’, which exceeds the Mr of the ternary alloys.
The remnant magnetization is the retained amount of
irreversible magnetization. The remnant magnetization of
(Fe,_,Co,)s5oPts; thin films decreased as the Co content
increased. For the CosgPty; film, the ordering parameter
dropped steeply, indicating that it tends to have disordered
magnetic properties, minimizing Mr to around 230 emu/
cm’.

For thin films, an out of plane (substrate) applied field
inducts a strong demagnetizing field due to the shape ef-
fect. The demagnetization has a tendency to align the
magnetic moment in the in-plane direction. When alloy
films have hard magnetic properties (high Hc), the mag-
netic moments would be affected insignificantly by the
demagnetizing field. Conversely, when the films have soft
magnetic properties, the magnetic moments would clearly
be affected by the demagnetizing field.

The inset in Fig. 8 plots squareness as a function of Co
concentration. The squareness of the ternary alloy, (Feg.
Cop4)50Pty; had a minimum value of approximately 0.4,
because of the demagnetizing field and the varied direc-
tions of the c-axes in polycrystalline material. On the other
hand, Fig. 8 shows that the coercivity of (Fe,Coq g)soPts;
was slightly increased. This indicates that alloy film
(x = 0.8) has a high Hc value. When the alloy film has hard
magnetic properties, the magnetic moments would be af-
fected insignificantly by the demagnetizing field. For this
reason, the squareness of (Fey,Cogg)soPts; is higher than
that of (FepsCo00.4)s50Pts;. Therefore, the trend of square-
ness of the (Fe,_,Co,)soPt4; alloy films as a function of Co
concentration is similar to the trend of coercivity of the
alloy films.

Conclusions

Magnetic (Fe,_,Co,)soPt4; (x = 0, 0.2, 0.4, 0.6, 0.8, 1) alloy
films were deposited by DC sputtering on a Si substrate
with a Pt film as an underlayer. At T, = 500 °C, the surface
morphology of ternary alloy films changed due to alloying
with the third element, Co. The L1 phase of iron-rich alloy
films begins to appear when the sample is deposited at
Ts = 500 °C. Following annealing, the binary FesoPt4; film
has high coercivity of about 10 kOe because of its high
degree of ordering. The temperature required for the for-
mation of the L1, phase increases according to the number

of Co atoms replacing Fe atoms, and the coercivity and
squareness decline as the Co content increases. The satu-
ration magnetization correlation with the switching field is
important for recording performance as well as the coer-
civity for stability in maintaining data. The amount of
saturation magnetization was determined by the intrinsic
composition of alloy film. In the (Fe,_.Co,)soPt4; alloy
films, the composition (FeygCog2)soPts; has the highest
saturation magnetization. The saturation magnetization of
the (FeggCog,o)soPty; alloy film is improved to about
1,480 emu/cm’ higher than 1,140 emu/cm’ for FePt [11]
and 800 emu/cm’ for CoPt [2], respectively. Furthermore,
in contrast with FePt, the transition from the disordered fcc
phase to the L1, phase in the (FeygCoq)s9Pt4; film is only
slightly influenced by Co addition, where the Fe atoms
were fully replaced with Co atoms, the required ordering
temperature for CoPt is too high to utilize in the practical
applications.
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