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Abstract
The magnetic properties and microstructure of CoTb/FePt bilayer films are
investigated. The magnetic anisotropy of the Co70Tb30/FePt(001) film is
perpendicular to the film plane. The saturated magnetization (Ms) and
perpendicular coercivity (Hc⊥) of the Co70Tb30/FePt(001) bilayer films are
higher than those of single-layered Co70Tb30 films. The Hc⊥ and Ms are
5450 Oe, and 403 emu cm−3, respectively. As the temperature is increased to
200 ◦C, there is a rapid decrease in the Hc⊥ value.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

The heat-assisted magnetic recording (HAMR) method, which
is a combination of thermal magnetic writing and magnetic
flux detection, has been suggested for increasing the recording
density of magnetic disks [1, 2]. The medium used for
HAMR must (i) provide satisfactory magneto-optical writing
performance, (ii) have a large saturation magnetization to
generate sufficient magnetic flux for giant magnetoresistive
(GMR) head readout, and (iii) possess a large Hc⊥ to resist
thermal agitation of the magnetic moments. CoTb is a rare-
earth metal alloy possessing a large Hc⊥ value, perpendicular
anisotropy (Ku⊥), and amorphous structure [3]. Moreover, the
amorphous CoTb alloy has a short-range order without grain
boundaries [3]. Therefore, it is a potential medium, which
is expected to have low noise and high recording density, in
HAMR.

Recently, the surface/interface roughness of magnetic thin
films has been found to influence magnetic properties, such
as magnetic anisotropy, coercivity, magnetoresistance, and
magnetic domain structure [4, 5]. Various works on the
relationship between the surface roughness and coercivity of
thin films have been carried out [6–8]. In addition to the
surface roughness, it is known that the thickness, composition,
and crystalline structure of the magnetic film, as well as the
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preparation condition, also determine the magnetic properties
of films. In this work, bilayer films of CoTb with an FePt(001)
under-layer were fabricated. The magnetic properties of this
bilayer system were investigated to assess its potential use as
an HAMR medium.

2. Experimental procedure

Fe50Pt50(001)/Pt(001)/Cr(200) films were fabricated on 7059
Corning glass substrates by conventional dc magnetron
sputtering in an ultra-high vacuum sputtering chamber. The
base pressure was better than 5 × 10−9 Torr before sputtering.
The substrate was heated to 350 ◦C to prepare the Cr(200)
under-layer and the Pt(001) buffer layer. The Cr and Pt layer
thicknesses were 70 nm and 2 nm, respectively. The Fe50Pt50

(20 nm) magnetic layer was deposited at 420 ◦C in order
to form the desired L10 FePt phase [9], followed by room-
temperature deposition of 20–60 nm Co70Tb30 films by dc
magnetron sputtering. To avoid the oxidation of the films, a
protective layer of Si3N4 (20 nm) was deposited.

The film structure was examined by an x-ray diffractome-
ter (XRD) and a field emission gun transmission electron mi-
croscope (FEG-TEM). Composition and homogeneity of the
CoTb film were assessed from the energy dispersive spectrum
(EDS). The film thickness was measured by an atomic force
microscope (AFM). Magnetic properties of the films were
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Figure 1. M–H loop of the Co70Tb30 film.
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Figure 2. The x-ray diffraction pattern of FePt/Pt/Cr tri-layer films.

measured by a vibrating sample magnetometer (VSM) with a
maximum applied field of 12 kOe.

3. Results and discussion

If the Tb content was greater than 39 at.%, the CoTb films
exhibit no magnetic properties because the Curie temperature
(Tc) is lower than room temperature [10]. It was previously
found that the Tc for a Co70Tb30 film was greater than
500 K [10–13], thus satisfying the criteria required for HAMR
media. Figure 1 shows the M–H loop of the Co70Tb30 film at
room temperature. The Hc⊥ and Ms values are approximately
3600 Oe and 176 emu cm−3, respectively. This small Ms

makes detection by a high-resolution giant magnetoresistive
head (GMR) or a tunneling magnetoresistive (TMR) head
difficult. Therefore, a FePt(001) film is introduced beneath the
Co70Tb30 film in an attempt to increase the Ms value.

From a previous study [14], it was revealed that, in the
absence of a Pt intermediate layer, the Cr atoms of the Cr(200)
under-layer diffused directly into the FePt magnetic layer
and prevented the formation of L10 FePt(001) orientation.
However, by depositing Pt(001)/Cr(200) under-layers, the
L10 FePt(001) and magnetic anisotropy was perpendicular
to the surface [14]. In figure 2, peaks of Cr(002), along
with (001) and (002)FePt are observed. This would suggest
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Figure 3. M–H loops of FePt/Pt/Cr tri-layer films.
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Figure 4. Variations of Hc⊥ and Ms values of
Co70Tb30/FePt(001)/Pt/Cr films with the film thickness of Co70Tb30

in Co70Tb30/FePt(001)/Pt/Cr.

that the FePt/Pt/Cr trilayer films have perpendicular magnetic
anisotropy. Indeed, figure 3 shows that the magnetic FePt(001)
film exhibits perpendicular magnetic anisotropy with an out-of-
plane squareness (S⊥) of around 0.8. The Ms and Hc⊥ values
are about 691 emu cm−3 and 3100 Oe, respectively.

The variation of Hc⊥ and Ms with Co70Tb30 film thickness
at room temperature in the Co70Tb30/FePt(001)/Pt/Cr system
is shown in figure 4. It is noticed that, as the thickness of
the Co70Tb30 film ranges between 20 nm and 60 nm, the Hc⊥
value of the Co70Tb30/FePt(001)/Pt/Cr films increases from
about 2100 Oe to 5700 Oe and the Ms value decreases from
530 emu cm−3 to 365 emu cm−3. According to the study of
Wan et al [15], the interaction of the domain wall increases
with film thickness. This is considered to be the explanation
behind the increased Hc⊥ value of the Co70Tb30 films with
increasing thickness. As an HAMR medium is required to have
large values of Hc⊥ and Ms at room temperature, the Co70Tb30

film with a thickness of 50 nm is examined further.
After introducing the under-layer of L10 FePt(001) film

into the Co70Tb30 (50 nm) film, the M–H loops of the
Co70Tb30/FePt(001)/Pt/Cr films are shown in figure 5. It can
be seen that the Hc⊥ , Ms, S⊥ and in-plane squareness (S‖)
are 5450 Oe, 403 emu cm−3, 0.82 and 0.38, respectively.
Figure 6 shows the M–H loops of the Co70Tb30, FePt(001)
and Co70Tb30/FePt(001)/Pt/Cr films alone. It is seen that
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Figure 5. M–H loops of the Co70Tb30/FePt(001)/Pt/Cr films.
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Figure 6. Different M–H loop of Co70Tb30/FePt(001)/Pt/Cr,
Co70Tb30 and FePt(001)/Pt/Cr film.

the Ms value of the Co70Tb30/FePt(001)/Pt/Cr film (Ms =
403 emu cm−3) lies between those of the Co70Tb30 (Ms =
176 emu cm−3) and the FePt (Ms = 691 emu cm−3) single-
layered films. This is attributed to the fact that Ms is related
to the moments of the domain per unit volume of the material.
On the other hand, the Hc⊥ value of Co70Tb30/FePt(001)/Pt/Cr
films is larger than that of either single-layered Co70Tb30 or
FePt(001) films. This is due to the roughness of the interface.
The roughness of the interface is inferred from the cross-
sectional transmission electron microscope (TEM) image of
the Co70Tb30/FePt(001)/Pt/Cr film, shown in figure 7. The
surface roughness between the Co70Tb30 and FePt(001) films
is found to be quite high. The magnetic properties are very
sensitive to surface roughness. This roughness could create
areas of different domain orientation. Thus the uncompensated
surfaces are increased and this causes the total number of spins
in one direction to be reduced [16]. Moreover, the rough
surface provides more pinning sites and impedes the motion
of domain walls at the interface between the Co70Tb30 and
FePt(001) films [17–22]. It indicates that the magnetic moment
needs a larger magnetic field to reverse, so the Hc⊥ value is
increased due to high surface roughness.

The Hc⊥ and Ms values of the Co70Tb30/FePt(001) bilayer
films at various temperatures are plotted in figure 8. It
can be seen that Ms remains at an almost constant value of
around 400 emu cm−3 across the temperature range studied.
However, the Hc⊥ value decreases from 5450 Oe to 730 Oe

Figure 7. The cross-sectional TEM image of the
Co70Tb30/FePt(001)/Pt/Cr film.
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Figure 8. The relationship of the Ms value, Hc⊥ value, and the
temperature of the Co70Tb30/FePt(001) bilayer films.

as the temperature increases from 25 ◦C to 200 ◦C. The rapid
decrease in the Hc⊥ value with temperature satisfies the writing
requirements of the HAMR medium.

4. Conclusions

It has been shown that Co70Tb30/FePt(001) films have a high
Ms value at room temperature. On the other hand, due to a high
interface roughness between the Co70Tb30 and FePt(001) films,
the Co70Tb30/FePt(001) bilayers also have a large Hc⊥ value at
room temperature. The Co70Tb30/FePt(001)/Pt/Cr films thus
appear to be a promising material as a HAMR medium.
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