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Improvement of Magnetic Properties and Texture of FePt Thin Films
on MgO Substrates by Sn Addition

DongWon Chun', SungMan Kim', GyeungHo Kim', and WonYoung Jeung'*

!Division of Materials Research, KIST, Seoul 136-791, Korea

(Received 7 November 2008, Received in final form 11 February 2009, Accepted 4 March 2009)

In this work, we studied the effects of Sn addition on the ordering temperature of FePt thin film. The coerciv-
ity of FePtSn film was about 1000 Oe greater than the coercivity of FePt film for an annealing temperature of
600°C. Therefore, Sn addition was effective in promoting the L1, ordering and in reducing the ordering tem-
perature of the FePt film. From our X-ray diffraction results, we found that in the as-deposited film, the addi-
tion of Sn induced a lattice expansion in disordered FePt thin films. After the annealing process, the excess Sn
diffuses out from the ordered FePt thin film because of the difference in the solid solubility of Sn between the
disordered and ordered phases. The existence of precipitates of Sn from the FePt lattice was deduced by Curie
temperature measurements of the FePt and FePtSn films. Therefore, the key role played by the addition of Sn
to the FePt film can be explained by a reduction in the activation energy for the L1, order-disorder transfor-
mation of FePt which originates from the high internal stress in the disordered phase induced by the supersat-

urated Sn atoms.
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1. Introduction

L1y ordered FePt alloy has attracted a great deal of
attention for its applications in ultra-high-density mag-
netic hard disk drives because of its corrosion resistivity
and its high magnetocrystalline anisotropy (K,=7 x 10°
Jm™) [1-5]. However, in order to use the FePt alloy as a
high-density perpendicular recording medium, it is essen-
tial both to reduce the ordering temperature and to
fabricate (001)-orientated growth of L1y FePt thin films.
In particular, the fabrication of L1, FePt alloy demands
substrate heating during deposition or post annealing or
both, and therefore one of the challenging tasks for
developing these films for hard-disk-drive applications
may be reducting the ordering temperature of FePt alloys.
To date significant progress has been made toward reduc-
ing this ordering temperature. Stress or strain induced by
under-layers, such as CuRu [3], Ag [6] and PtMn [7], has
been shown to promote the ordering process of FePt
alloys, as has the addition of third alloying elements such
as Cu and Ag [8, 9]. A similar effect has been reported in
the L1y CoPt alloy system, where Sn, Pb, Sb, and Bi
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additives were shown to reduce the ordering temperature
[10].

As described in this article, we attempted to reduce the
order-disorder transformation temperature of Fe-Pt alloy
by incorporating Sn as an alloying element, and we
investigated the effects of that Sn addition. The solubility
of Sn in the FePt alloy is limited. On the other hand, the
high surface tension and low melting point of Sn may
enhance its diffusion in the matrix even at relatively low
temperatures, which may in turn lead to transient effects
on the order-disorder transformation of the FePt alloy.
The dissolving of excess Sn in disordered FePt induces
lattice strain and defects, which lead to an easier trans-
formation to an ordered L1, FePt alloy. Since excess Sn
can diffuse out from the FePt lattice during the trans-
formation process of the FePt alloy, the Sn does not have
any detrimental effect on magnetic properties of L1, FePt
alloy. In our study we examined both the magnetic pro-
perties and the microstructure modification of FePtSn to
elucidate the mechanism for the ordering of the FePt alloy
at low temperatures.

2. Experimental Process

Films made from both FePt and FePt with 1.3 at.% Sn

© 2009 Journal of Magnetics



-8- Improvement of Magnetic Properties and Texture:*- — DongWon Chun, SungMan Kim, GyeungHo Kim, and WonYoung Jeung

added (hereafter FePtSn) were deposited on MgO(100)
single-crystal substrates using the DC and RF magnetron
co-sputtering (AJA Int. Corp., ORION-8-HV) of Fe, Pt,
and Sn targets with a base pressure of more than 5 x 107
Torr and a sputtering Ar pressure of 3 mTorr. The sub-
strate temperature was fixed at 150°C during the de-
position process, and the thickness of the FePt and
FePtSn films was set to 10 nm. The post-annealing pro-
cess was performed in a vacuum chamber at 4 x 10~ Torr
and temperatures from 400-600°C, and the annealing time
was 30 min. The crystal structures of the FePt and FePtSn
thin films were characterized by an X-ray diffractometer
(Bruker, D-8) using Cu-Ka radiation at 40 kV and 40
mA, and the microstructure of the prepared films was
investigated by a field-emission transmission electron
microscope (FE-TEM, Tecnai F20G2) operating at 200
kV. The magnetic properties and Curie temperatures (7¢)
were measured using a vibrating sample magnetometer
(VSM, Lakeshore 662) with an applied field of up to £ 15
kOe. The Fe and Pt contents of all the films, measured by
means of inductively coupled plasma atomic emission
spectrometry, were found to have an almost constant ratio
of 49.5:50.5.

3. Results and Discussion

Fig. 1 shows the out-of-plane coercivity (H.) of the
FePt and FePtSn films as a function of the annealing
temperature. When the annealing temperature is below
400°C, the H_ of the FePt and FePtSn films did not
exceed 300 Oe, indicating that both films remained in the
disordered phase. As the annealing temperature increased
above 500°C, the H. of the FePt and FePtSn films
increased rapidly, indicating that both films were experi-
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Fig. 1. Temperature dependency of the out-of-plane coercivity

of the FePt and FePtSn thin films and (inset) out-of-plane
hysteresis loop of FePtSn (1.3 at.%) thin film.
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Fig. 2. X-ray diffraction of the as-deposited FePt and FePtSn
thin films.

encing the phase transformation to the ordered L1, phase.
Of particular importance is the fact that the H, of the
FePtSn film was higher than that of the FePt film, with an
enhancement of 1000 Oe achieved at the annealing
temperature of 600°C. This suggests that the addition of
the Sn enhances the L1, ordering. Our results clearly
show that the addition of Sn effectively lowers the order-
ing temperature for the formation of the L1, phase in the
Fe-Pt alloy and that it increases the coercivity of the FePt
film.

To investigate the effects of the Sn on the FePt film, we
performed a crystallographic analysis using X-ray diffr-
action (XRD). Fig. 2 shows the results of this XRD in the
as-deposited FePt and FePtSn thin films. Only the face-
centered cubic (fcc) (200) peak was observed in both
films, suggesting that the MgO single-crystal substrate is
effective in preventing fcc(111) grain growth. It is worth
noting that the fcc(200) peak of the FePtSn thin-film was
shifted about —0.153° from that of the FePt film, indicat-
ing that Sn causes an expansion of the lattice constant of
the FePt alloy. From a crystallographic analysis of the
XRD results, we find that the lattice constant of the
FePtSn film was expanded by about 1.1% compared with
the lattice constant of the FePt film.

The XRD results for the FePt and FePtSn films anneal-
ed at 600°C are shown in Fig. 3. After the annealing at
600°C, the L1¢(001) peak was observed, and the L1,(200)
and L1,(002) peaks overlapped in both films. Comparing
the Joo1/Imgo and Jooo/Ivgo intensity ratios of the FePt and
FePtSn films, we see that the (001) texture of the FePtSn
film is more developed than that of the FePt film. This
developed texture is thought to enhance the coercivity.

In order to quantitatively describe the change in the
ordering degree of the FePt phase in the films annealed at
600°C, we introduce the ordering parameter S. The relation-
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Fig. 3. X-ray diffraction of a) FePtSn thin film and b) FePt
thin film after annealing at 600°C.

ship between S and c/a can be expressed as follows:

_1-(c/a)
1—(cla)g’

where (c/a)sf=0.961 is the axial ratio for the fully ordered
phase and (c/a) is the axial ratio for the partially ordered
phase and can be evaluated from the superlattice and
fundamental peaks in the XRD patterns. At an annealing
temperature of 600°C, the ordering parameter S for
FePtSn (1.3 at.%) is 0.7298, whereas the S for FePt is
0.6204, indicating that Sn is effective in reducing the
ordering temperature of FePt alloy.

As mentioned above, the lattice constant of the as-
deposited FePtSn film was larger than that of the as-depo-
sited FePt film, indicating that Sn is being incorporated
into the lattice of FePt and forming a solid solution.
When annealed at temperatures above 500°C, both films
transformed from the disordered state to the ordered one.
However, the (001) and (002) peaks were at the same
position in the FePt and FePtSn films, suggesting that the
lattice constants of the two films coincide at the annealing
temperature of 600°C.

This observation suggests that the effect of adding Sn to
the FePt film is to introduce a large lattice strain primarily
in the as-deposited states. The added Sn atoms can be
supersaturated in the as-deposited FePt phase, and they
can cause a large lattice strain, which in turn provides a
strong driving force for the transformation to the ordered
phase. The solubility of Sn in ordered FePt is compara-
tively small, and thus excess Sn atoms are expected to
precipitate out from the cubic phase during annealing
processes higher than 500°C.

To investigate the distribution of Sn after the annealing
process, we performed a high-resolution TEM analysis on
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Fig. 4. Temperature-dependent magnetization of the FePt and
FePtSn thin films.

the FePtSn film before and after annealing. No evidence
of a grain boundary phase or a precipitate was found,
which leads us to expect that the excess Sn atoms in the
annealed FePtSn film may have segregated to the surface
or to interfacial regions of the film because of the reduc-
tion of the surface energy [10].

Fig. 4 shows the temperature-dependent magnetization
of both films. If the addition of Sn formed a solid solution
in the FePt alloy, then the 7¢ of the FePtSn film would be
different from that of the FePt film. We can see from Fig.
4, however, that the T¢ of both films is almost the same,
suggesting that the added Sn atoms must have diffused
out from the FePt lattice.

The enhancement of the coercivity of FePt with the
addition of Sn can be attributed to the lowering of the
activation energy of the order-disorder transformation in
the FePt system. High internal strain and lattice defects
caused by the formation of a supersaturated solid solution
of FePtSn are thought to be the major factors contributing
to the faster kinetics of the phase transformation. This
behavior is confirmed by the rapid increase in the coerci-
vity of the FePtSn film at annealing temperatures lower
than that of the FePt film.

4. Conclusions

In this work, we studies the effects of the addition of Sn
on the magnetic properties and the microstructure of FePt
thin films. The coercivity of FePtSn film was approxi-
mately 1000 Oe greater than that of the FePt film for an
annealing temperature of 600°C. Our results show that the
Sn addition was effective in reducing the ordering temper-
ature of L1, FePt alloy. Moreover, we demonstrated that
the lattice constant of the as-deposited FePtSn is expand-
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ed because of to the induced internal stress originating
from the supersaturated Sn atoms in the FePt lattice. These
supersaturated Sn atoms reduce the activation energy for
the L1, ordering of FePt alloy. The excess Sn originating
from the solid-solubility difference between the disorder-
ed and ordered states of the FePt alloy diffused out to the
surface and to interfaces in order to minimize the surface
energy [11].
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