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Polycrystalline Fe52Pt48 alloy thin films were prepared by dc magnetron sputtering on preheated
natural-oxidized silicon wafer substrates. The film thickness was varied from 10 to 100 nm. The
as-deposited film was encapsulated in a quartz tube and postannealed in vacuum at various
temperatures for 1 h, then furnace cooled. It is found that the ordering temperature from
as-deposited soft magnetic fcc FePt phase to hard magnetic fctL10 FePt phase could be reduced to
about 350 °C by preheating substrate and furnace cooling treatment. The magnetic properties
measurements indicated that the in-plane coercivity of the films was increased rapidly as annealing
temperature is increased from 300 to 400 °C, but it decreased when the annealing temperature is
higher than 400 °C. X-ray diffraction analysis shown that the as-deposited FePt thin film was a
disorder fcc FePt phase. The magnetic measurement indicated that the transformation of disorder fcc
FePt to fctL10 FePt phase was started at about 350 °C, which is consistent with the analysis of x-ray
diffraction patterns. From scanning electron microscopy observation and selected area energy
disperse spectrum analysis, the distributions of Fe and Pt elements in the films became nonuniform
when the annealing temperature was higher than 500 °C due to the formation of the Fe3Pt phase.
After annealing at 400 °C, the in plane coercivity of Fe52Pt48 thin film with film thickness of 100 nm
is 10 kOe,Ms is 580 emu/cm3, and grain size is about 12 nm. ©2004 American Institute of
Physics. @DOI: 10.1063/1.1689762#

It is well known that orderL10 FePt phase thin films
have high coercivityHc , good corrosion resistance, and very
high magnetocrystalline anisotropy energy (Ku;7
3107 erg/cm3).1–3 However, the as-deposited FePt film is a
soft magnetically disordered face-centered-cubic phase. The
high coercivity film will be obtained by high temperature
annealing treatment or substrate heating to transform the fcc
FePt phase into hard magnetically ordered face-centered-
tetragonalL10 FePt phase. This ordering temperature is usu-
ally higher than 500 °C.2,4–7 The disadvantages will be en-
countered during device fabrication for this high temperature
treatment. In order to overcome these problems, some meth-
ods have been developed to reduce the ordering temperature
of FePt film, such as the addition of a third element,8–10

multilayering,11,12 ion irradiation,13 and introduction of the
underlayer.14 Most of these processes are complicated or
high cost. In this work, we deposited a single FePt layer on
the preheated substrate~without cap layer or underlayer! then
furnace cooled, where the ordering temperature could be re-
duced to 350 °C. The magnetic properties, film structure, uni-
formity of the film composition, and grain size of the film at
various annealing temperatures and film thicknesses were
also investigated.

Single layer polycrystalline Fe52Pt48 alloy thin film was

deposited on a nature-oxidized silicon wafer substrate by dc
magnetron sputtering at room temperature. The substrate was
rotated at 45 rpm in order to get uniform film thickness and
composition. A mosaic target consisting of high purity iron
disk ~99.99%! overlaid with high purity platinum pieces
~99.99%! was used. The base pressure in the sputtering
chamber is lower than 531027 Torr. Before sputtering FePt
film, the substrate was preheated at 300 °C for 1 h in order to
burn out the vapor, N2 , and CO2 adhered on the substrate
that come from the air during expose in air, to clean the
substrate surface and reduce the oxygen content in SiOx ,
which is on the nature-oxidized silicon wafer substrate. The
preheated substrate is cooled to room temperature in the
sputtering chamber. The argon pressure during depositing
FePt thin film was fixed at 10 mTorr. Thickness of the FePt
film was varied from 10 to 100 nm. The as-deposited film
was encapsulated in a quartz tube and postannealed in
vacuum at various temperatures for 1 h, then furnace cooled.
The vacuum condition for postannealing is 531026 Torr.

Magnetic properties of the FePt thin films were mea-
sured by a vibrating sample magnetometer at room tempera-
ture with maximum applied field of 13 kOe. The structure of
the films was determined by x-ray diffraction~XRD!. The
microstructure of the film was observed by field emission
scanning electron microscope~FE-SEM!. The grain size of
the FePt film was obtained from the XRD diffraction peak by
using the Scherrer formula.15 Composition and homogeneity
of the FePt film were analyzed by an energy-dispersive spec-
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trum ~EDS!. Film thickness was measured by an atomic
force microscope.

Figure 1 shows the XRD patterns of the Fe52Pt48 thin
films which annealed at various temperatures. The film thick-
ness is 100 nm. It reveals that the fcc FePt phase is domi-
nated whenTan<300 °C and theL10 FePt phase appeared as
Tan5350 °C. The superlattice peaks~110!, ~111!, ~200!,
~002!, and ~201! of the L10 FePt phase are observed. This
means that the order–disorder transformation temperature of
the film starts at about 350 °C. The superlattice peaks of the
L10 FePt phase are more clearer asTan5400 °C. The super-
lattice peaks of theL10 FePt phase disappeared asTan in-
creased to 600 °C and some Fe3Pt, PtO, Fe2O3, and Fe3O4

phases are appeared at this temperature. It is difficult to iden-
tify the peaks of PtO~002! and Fe2O3(104), and
Fe2O3(110)/Fe3O4(311) peaks, because theird spacings are
very close. Watanabe4 and Kuoet al.5,16 had used high tem-
perature annealing (Tan5600 °C) to get enough energy for
the formation of the superlatticeL10 FePt phase. Our experi-
mental data show that annealing at 350 °C for 1 h is enough
to overcome the energy barrier for order–disorder transfor-
mation of the FePt film, if the substrate is preheated and the
film is furnace cooled after being postannealed. WhenTan is
increased to 600 °C, homogeneity of the FePt film will be
changed and some Fe and Pt rich areas are formed in the film
due to internal diffusion at high temperature. Owing to oxi-
dization, the PtO phase is formed in the Pt rich area, and
Fe2O3, Fe3O4, and Fe3Pt are formed in Fe rich area.

Figure 2 shows the relation between the in-plane coer-
civity (Hci

) and the annealing temperature (Tan) of various
FePt films. Thickness of the FePt film was varied from 10 to
100 nm. We can see that the film has very lowHci

~,100
Oe! asTan<300 °C. TheHci

value increases rapidly asTan

is increased from 300 to 400 °C. Then it decreases abruptly
as Tan.400 °C. The maximumHci

value of the film oc-
curred atTan;400 °C and the film thickness is 100 nm; it is
about 10 kOe. The variation ofHci

value is small as the film
thickness is larger than 100 nm. WhenTan<300 °C, lowHci

~,100 Oe! of the film is due to the film being in the soft
magnetically fcc phase. AsTan.300 °C, the rapid increase
of Hci

is due to the rapid increase of the amount of the fct
L10 FePt phase11 ~see Fig. 1!. As previously discussed, the
formation of theL10 FePt phase is usually at 600 °C,2,4–7but
the Hci

value is lower than 4 kOe whenTan.500 °C, as
shown in Fig. 2. This is due to the film being oxidized and
some chemical reactions occur in the FePt film whenTan

.500 °C ~see Fig. 1!.
Figure 3 shows the relations between the saturation mag-

netization (Ms) and the annealing temperature of various
FePt films. The film thickness is varied from 10 to 100 nm.
WhenTan<300 °C, theMs value of the film is kept at about
the same as that of as-deposited film. This means that the
film was not oxidized and film structure was still a soft mag-
netic fcc phase asTan<300 °C. WhenTan increases from

FIG. 1. X-ray diffraction patterns of the Fe52Pt48 films which annealed at
various temperatures.

FIG. 2. The relations between the in-plane coercivity (Hci
) and the anneal-

ing temperature of the FePt films with different thicknesses.

FIG. 3. The relations between the saturation magnetization (Ms) and the
annealing temperature of the FePt films with different thicknesses.
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300 to 500 °C, theMs value decreases slowly. This is due to
the disordered FePt phase being transformed gradually into
an orderedL10 FePt phase, because theMs value of the
orderedL10 FePt phase is lower than that of the disordered
FePt phase.17 When Tan.500 °C, theMs value of the film
decreases abruptly. This is due to the oxidization of FePt film
and produces some Fe2O3, Fe3O4, PtO, and Fe3Pt phases, as
shown in Fig. 1.

Figure 4 shows the FE-SEM micrographs and selected
area of EDS composition analysis of the FePt film with an-
nealing temperature of~a! 400 °C and~b! 600 °C. The film
thickness is 100 nm. The mole ratios of Fe to Pt at different
areas measured by EDS are shown in Table I. We can see
that the mole ratios of Fe to Pt at different areas are all
around 50:50 after annealing at 400 °C. But the mole ratios
of Fe to Pt are changed at different areas whenTan is in-
creased to 600 °C. This indicates that the internal diffusion
occurs in the film at higher annealing temperature.

Figure 5 shows the average grain size of various FePt
films as a function of annealing temperature. Grain sizes of
the film are calculated from the Scherrer formula15 by using
the x-ray diffraction peaks of disordered FePt~111! and or-
deredL10 FePt~111!. The grain size of the film is increased
with increased annealing temperature. After being annealed
at 400 °C, the average grain size of the 100 nm thick film is
about 12 nm. TheHci

andMs of this film are about 10 kOe
and 580 emu/cm3, respectively, as shown in Figs. 2 and 3.
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FIG. 4. The FE-SEM micrographs and selected area of EDS composition
analysis of the FePt films which annealed at~a! 400 °C and~b! 600 °C.

TABLE I. The mole ratios of Fe to Pt in the areas A, B, C, and D of Figs.
4~a! and 4~b!.

A
~mole ratio!

Fe:Pt

B
~mole ratio!

Fe:Pt

C
~mole ratio!

Fe:Pt

D
~mole ratio!

Fe:Pt

400 °C 51:49 52:48 50:50 52:48
600 °C 39:61 35:65 79:21 67:33

FIG. 5. Average grain sizes of the FePt films with different thicknesses as a
function of annealing temperature.
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