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Magnetic properties and microstructures of FePt/Ti bilayer films sputter
deposited onto glass amorphous substrates
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FePt/Ti granular films were fabricated onto glass amorphous substrates using a dc facing-target
magnetron sputtering system at various Ti underlayer thickness, then annealed at temperature Ta

ranging from 200 to 700 °C. In the FePt �30 nm� /Ti �1 nm� film annealed at 600 °C, the coercivity
about 12 kOe is obtained. The results of x-ray diffraction indicate that a ternary FePtTi alloy is
formed. Thus, the formation of the ternary FePtTi alloy is considered to play an important role in
magnetic properties. © 2006 American Institute of Physics. �DOI: 10.1063/1.2195781�
Several L10 structure alloys such as equiatomic FePt,1

CoPt,2 and FePd �Ref. 3� films are attractive candidates for
ultrahigh density magnetic recording media because of the
high magnetic anisotropy of L10 phase. Among the L10 al-
loys, Fe–Pt system has attracted much attention due to its
high Ku value ��7�107 erg/cm3�, high coercivity, good
corrosion resistance and large energy products �BH�max.
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However, a high temperature treatment is necessary to trans-
form phase from the disordered fcc structure to the L10 struc-
ture. Recently, several attempts have been made to reduce
the transition temperature, such as the introduction of
underlayers4–6 or seed layer,7–9 the addition of third
elements,10,11 multilayering,12 ion irradiation,13,14 and in situ
annealing.15 Most of these investigations need single-crystal
substrates and a complicated preparing process. For mag-
netic recording application, the applying of amorphous sub-
strates and simple preparation conditions is more important.
No attention has been paid to reduce the ordered temperature
by applying the amorphous glass substrates and Ti under-
layer. Kuo et al. have investigated �FePt�95Ti5 films depos-
ited onto natural-oxidized silicon wafer substrates, but the
internal principle did not described explicitly.16 It is very
important to understand the relationship between concentra-
tion of Ti and the phase transition of FePt alloy.

In this letter, we propose a procedure for reducing the
ordering temperature of the L10 FePt-ordered alloy. The
FePt/Ti bilayer films are deposited on glass amorphous sub-
strate at room temperature. Because the atomic affinity be-
tween Fe and Pt is higher than that between Ti and Pt, we
expect that the underlayer Ti atoms could move into the or-
dered FePt layer when the samples are annealed. Crystal
structure, magnetic properties, and microstructure of the
films will also be presented.

FePt �30 nm� /Ti�t nm� bilayer films, t=0, 1, 3, 5, and 6,
were deposited directly on glass substrates using dc facing-
target magnetron sputtering system at room temperature. The
base pressure was better than 1.5�10−5 Pa. High-purity ar-
gon of 0.5 Pa was flown during sputtering. A mosaic target
consisting of high purity iron disk �99.99%� overlaid with
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high purity platinum pieces �99.99%� was used. After the
deposition, the samples were annealed in vacuum. The an-
nealing temperature was varied from 200 to 700 °C, and the
annealing time was fixed at 30 min. The crystallographic
structures of the samples were analyzed by x-ray diffraction
�XRD� with CuK� radiation. The magnetic properties of
these films were measured with vibrating sample magneto-
meter and physical property measurement system at room
temperature, respectively. The atomic ratio of the
FePt �30 nm� /Ti �1 nm� was 99:1 by means of energy dis-
perse x-ray diffractometer. The atomic force microscopy
�AFM� images and magnetic force microscopy �MFM� im-
ages were scanned using scanning probe microscope.

Because the lattice parameters of fcc phase and L10
phase are very close, the XRD patterns are also similar ex-
cept that there are several addition peaks for L10 phase due
to reduced lattice symmetry. To find out the appropriate un-
derlayer thickness of Ti to obtain the most appropriate or-
dered structure, a different thickness of Ti layer were char-
acterized. Figure 1 shows the XRD patterns for
FePt �30 nm� /Ti�t nm� films, t=0, 1, 5, and 6, annealed at
600 °C for 30 min. It can be seen that the monolayer FePt
film shows fct �111� orientation peak. At t=1 nm, the �111�
peak becomes weaker, and strong �001�, �110�, �002�, and
�200� superlattice peaks of the fct ordered FePt can be ob-
served. This result is confirmed by the maximum of Hc as

FIG. 1. XRD patterns of various FePt/Ti films at different Ti layer

thickness.
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shown in Fig. 2. When the thickness of Ti layer is further
increased up to 5 nm, �001�, �110� peaks become weak,
�002� peak vanishes and �111� peak becomes stronger. At t
=6 nm, fct �111�, �222� and fcc �111� peaks become stronger,
and Ti �002� peak appears. The results reveal that the FePt
particles begin to form an ordered L10 phase when t is within
5 nm. We think this may be attributed to that the thin Ti
layers separate island-like grain distributing on the sub-
strates. Once Ti grains between FePt particles are developed,
high diffusion barriers prohibit further grain growth and coa-
lescence. Thus, the isolation of Ti atoms plays an important
role in inducing the ordered texture. However, thicker Ti
layer was no longer separate but rather continuous, so inter-
diffusion between the underlayer and magnetic film becomes
easy. Therefore, Ti atoms can diffuse into the L10 textured
magnetic grains, which result in the frustration of ordered
phase. This result is confirmed by analyses of alloy phase
diagrams, which can reveal that excess Ti atoms will form
alloy with Fe and Pt atoms easily. Therefore, the thickness of
Ti underlayer plays a crucial role in determining the mag-
netic properties and the surface morphology.

Figure 2 shows the coercivities �Hc� of the FePt/Ti bi-
layer films as a function of Ti underlayer thickness �t� after
annealing at 600 °C for 30 min. Hc has a strong dependence
on Ti thickness. Huge coercivity of 12 kOe, which is mea-
sured parallel to the film plane, is obtained for t=1 nm. The
out of plane coercivity up to 8.5 kOe is obtained in the film
with t=3 nm.

XRD patterns of various FePt �30 nm� /Ti �1 nm�
double layer films at different annealed temperatures �Ta� are
shown in Fig. 3. It can be seen that high annealing tempera-
ture gives almost �111� texture and low annealing tempera-
ture leads to the development of other peaks. The sample
annealed at 300 °C shows �001�, �110�, �111�, �200�, �202�,
and �311� superlattice of the fct ordered FePt. These reveal
that the ordered L10 ordering phase of FePt have begun to be
formed at Ta=300 °C. With Ta increasing, the characteristic
peaks of L10 chemical ordering increase. At Ta=600 °C,
�001�, �110�, and �111� peaks become the strongest and
sharpest. Further annealed at 700 °C, result changes largely.
The intensity of the �111� peaks increases sharply, reflecting
strong FePt�111� texturing. The results reveal that the FePt
particles begin to form an ordered L10 phase when Ta is
within 600 °C. This result is confirmed by the maximum of
Hc as shown in Fig. 4.

Magnetic measurements reveal that there is a strong Ta

FIG. 2. Coercivity Hc of FePt/Ti films as a function of the Ti underlayer
thickness t after annealing at 600 °C.
dependence of the magnetic properties. Figure 4 shows the
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magnetic properties of the FePt �30 nm� /Ti �1 nm� bilayer
samples as a function of the annealing temperature �Ta�.
Large Hc of about 7.1 kOe, which is measured perpendicular
to the film plane, is obtained for Ta=500 and 600 °C at room
temperature. Meanwhile, the maximum value of the in-plane
Hc is obtained about 12 kOe for Ta=600 °C. With decreas-
ing the Ta, the two directions Hc both decreases dramatically,
but still keeps a value of about 3 and 4.1 kOe for
Ta=400 °C. The squareness �S=Mr /Ms� of the films first
increases with the increase of Ta and reaches the maximum
at 600 °C. Further increasing Ta causes S to decrease. The
Ms of the films increases slightly for perpendicular direction
with increasing the Ta within Ta=300 °C. However, it de-
creases slightly for parallel direction. Beyond 300 °C, the
Ms increases drastically and then decreases with further in-
creasing the Ta. The maximum value of the out of plane Ms
and the in-plane Ms is obtained at Ta=400 °C and
Ta=500 °C, respectively. The increase in magnetization with
increasing annealing temperature is mainly due to the in-
crease of fcc phase. With further increasing annealing tem-
perature, magnetization decreases may be attributed by the
increase of the fct phase content, because the Ms value of the
fct phase is lower than that of the fcc phase.

Figure 5 shows the AFM �left� and MFM �right� images
of FePt �30 nm� /Ti �1 nm� with different Ta. All AFM and
MFM images are obtained in the same region of film in a

FIG. 3. XRD patterns of various FePt �30 nm� /Ti �1 nm� bilayer films at
different annealed temperatures �Ta�.

FIG. 4. �a� The coercivities �filled marks� and squareness �open marks�, �b�
the saturation magnetization �Ms�, respectively, measured ��� parallel to the

film plane and ��� perpendicular to the plane as a function of the Ta.
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consecutive scan. AFM observation indicates that the films
are composed of island-like particles at Ta=500 °C, and of
separated island-like patches at Ta=600 °C. This suggests
that the island-like particles grew gradually as Ta increases,
and became separated island-like patches. The average
roughness Ra of the sample annealed at 500 °C is 0.695 nm,
and of the sample annealed at 600 °C is 0.515 nm. The
MFM images give the domain structures of the particles in
the films. The MFM measurement detects the magnetic force
gradient arising from magnetic charge on the surface. It may
be noticed that the domains look continuous across the adja-
cent particles/patches, and the average size of the magnetic
domains decreases dramatically by annealing at 600 °C.
Smaller magnetic domains size is preferred for the high den-

FIG. 5. �Color online� AFM �left� and MFM �right� images of
FePt�30 nm� /Ti�1 nm� with different Ta. �a� and �b� Ta=500 °C, �c� and �d�
Ta=600 °C.
sity recording media.
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In conclusion, the FePt �30 nm� /Ti �1 nm� bilayer film
which annealed at 600 °C for 30 min in vacuum exhibits
high in-plane coercivity of 12 kOe, and out of plane coerciv-
ity of 7.1 kOe. In addition, the out of plane coercivity up to
8.5 kOe was obtained in FePt �30 nm� /Ti �3 nm� annealed
at 600 °C for 30 min. The average roughness Ra of the
FePt �30 nm� /Ti �1 nm� is 0.515 nm. X-ray diffraction
analyses revealed the formation of FePtTi alloy. The FePtTi
alloy annealed at 300 °C begin to form an ordered L10
phase, which reveals that it is a promising candidate for
high-density magneticrecording media application.
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