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Controlling magnetic anisotropy in epitaxial FePt„001… films
Zhihong Lu, M. J. Walock, P. LeClair, W. H. Butler, and G. J. Mankeya�

MINT Center and Department of Physics and Astronomy, University of Alabama, Tuscaloosa, Alabama
35487-0209

�Received 7 October 2008; accepted 9 February 2009; published 30 June 2009�

Epitaxial equiatomic Fe50Pt50 thin films with a variable order parameter ranging from 0 to 0.9 and
Fe100−xPtx thin films with x ranging from 33 to 50 were deposited on MgO �001� substrates by dc
sputtering. A seed layer consisting of nonmagnetic Cr �4 nm� /Pt �12 nm� was used to promote the
crystallinity of the magnetic films. The crystal structure and magnetic properties were gauged using
x-ray diffraction and magnetometry. The magnetic anisotropy can be controlled by changing the
order parameter. For Fe100−xPtx films, the increase in Fe composition leads to an increase in
coercivity in the hard axis loop and causes a loss of perpendicular anisotropy. © 2009 American
Vacuum Society. �DOI: 10.1116/1.3098497�

I. INTRODUCTION

In the past decade, with the introduction of new technolo-
gies, the areal density of magnetic recording has increased to
the point that it exceeds 100 Gbits / in.2. To further increase
the areal density to 1 Tbits / in.2 or even higher, it will be
necessary to store the data on ferromagnetic particles with
scale smaller than 10 nm. However, for any ferromagnetic
material, there is a minimum grain size necessary to keep an
acceptable thermal stability, which is the so-called superpara-
magnetic limit. To decrease the critical grain size, magnetic
materials with high uniaxial anisotropy should be used for
recording media. Due to the extremely high uniaxial mag-
netic anisotropy �Ku�7�107 ergs /cm3�.1 the L10 phase
equiatomic FePt alloy is one of the most promising candi-
dates for ultrahigh density magnetic recording �up to
10 Tbits / in.2�.2

There is an accompanying writability problem associated
with materials with high anisotropy which prevents the mag-
netic materials with extremely high Ku such as FePt from
being applied in magnetic recording. Since the coercivity of
the recording media is roughly proportional to Ku, the ultra-
high Ku of the media material may make it impossible to
write on the media with the maximum attainable write head
field. To solve this problem, new multilayered media such as
exchange spring,3 exchanged composite,4 and anisotropy
graded media5 have been proposed. An important technical
challenge for enabling these concepts is developing an abil-
ity to control the magnetic anisotropy of each magnetic layer.

In this article, by studying the dependence of the magnetic
properties of epitaxial FePt films on order parameter S and
composition, it is demonstrated that the magnetic anisotropy
can be tuned, either by controlling the chemical order param-
eter S or by varying the chemical composition of the alloy
thin films.

II. EXPERIMENT

Fe100−xPtx films with x ranging from 50 to 33 were depos-
ited by dc sputtering on single crystalline MgO �001� sub-

strates with Cr �4 nm� and Pt �12 nm� as buffer layer and
seed layer, respectively. A 5 nm Pt capping layer was then
deposited on each sample after the substrate temperature de-
creased to below 100 °C. The structure of the sample is
shown in Fig. 1. For deposition of the films an equiatomic
Fe50Pt50 films alloy target and pure Fe target were used. The
base pressure of the deposition chamber was 2�10−8 torr,
and high purity Ar was used to backfill the chamber to 4
�10−3 torr for magnetron sputtering.

Two series of samples were made. Fe50Pt50 thin films
were deposited with only the Fe50Pt50 target under various
growth temperatures Tg ranging from 300 to 720 °C.
Fe100−xPtx films with x ranging from 50 to 33 were fabricated
by cosputtering with Fe50Pt50 and Fe targets. For the variable
composition films, the growth temperature was kept at
700 °C and the thickness was fixed at 30 nm. The crystal
structure of the films was investigated by x-ray diffraction
and the magnetic properties of the films were characterized
using an alternating gradient magnetometer.

III. RESULTS AND DISCUSSIONS

Figure 2 shows XRD patterns of Fe50Pt50 films on MgO
�001� substrates as a function of growth temperature Tg rang-
ing from 300 to 720 °C. For the film deposited at 300 °C, a
�002� diffraction peak corresponding to epitaxial, chemically
disordered Fe50Pt50 is observed at a scattering angle of 47.5°.
For the film deposited at 400 °C, a small �001� superlattice
peak appears at a scattering angle of 23.5°, which indicates
that the chemical ordering of the Fe and Pt atoms on the fcc
lattice sites begins to occur at a growth temperature of
400 °C. Compared with Fe50Pt50 films deposited directly on
the MgO�001� substrate,6 the �001� peak that corresponds to
long-range chemical order begins to appear at a lower tem-
perature when the film is deposited on Cr /Pt seed layer. With
the increase in substrate temperature, the �001� peak in-
creases further in intensity relative to the intensity of the
�002� peak. In addition, the peak position of �002� plane
shifts to a higher angle with the increase in growth tempera-a�Electronic mail: gmankey@mint.ua.edu
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ture Tg, which corresponds to a decrease in the c-axis lattice
parameter due to the formation of the chemically ordered
L10 structure.

The x-ray data contain quantitative information about the
chemical ordering of the epitaxial films. It is possible to es-
timate the chemical order parameter of the films by integrat-
ing the intensity of �00l� �l=1 and 2� and using the following
formula:

S2 =
�I001/I002�expt

�I001/I002�S=1
. �1�

Here I002 and I001 are the integrated intensities of the funda-
mental �002� peak and superlattice �001� peaks of Fe50Pt50,
and �I001 / I002�expt and �I001 / I002�s=1 are the experimental ratio
and calculated peak intensity ratio for perfect chemical order,
respectively. The calculation of the intensity ratio for perfect
chemical order of the �001� and �002� peaks was computed
by considering atomic fractions, atomic scattering, factors,
Debye–Waller corrections, Lorentz polarization factors,
structure factors,7 and thickness factor.8

Figure 3 shows the dependence of order parameter S and
lattice constant c on growth temperature Tg. With the in-
crease in Tg, the order parameter increases. At 300 °C, the
film is chemically disordered and epitaxial. The maximum
growth temperature of 750 °C was a limit imposed by the
sample heater in the deposition system. It is possible that the
films may undergo an order-disorder transition at even higher
temperatures which would be accompanied by a decrease in
chemical order parameter. The c-axis lattice parameter is re-

duced as the Fe50Pt50 transforms from the chemically disor-
dered fcc phase to the chemically ordered L10 phase.

The magnetic properties change with changes in the order
parameter S. The easy and hard axis loops of each film are
shown in Fig. 4. The magnetization Ms of all the films is near
1100�100 emu /cm3 which coincides with the value of bulk
L10 phase Fe50Pt50.

9 The change in S does not cause signifi-
cant changes in Ms. The films with S�0.3 have out-of-plane
easy axis and the bow-type easy axis loops indicating that
domain wall motion is involved in the switching due to the

FIG. 1. Structure of samples.

FIG. 2. X-ray diffraction patterns of Fe50Pt50 films deposited at different
substrate temperatures.

FIG. 3. Dependence of order parameter S and lattice constant c on growth
temperature.

FIG. 4. Hysteresis loops of Fe50Pt50 films with different order parameters S.
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relatively large thickness. The hard axis loop of these films
has a small coercivity which is likely to be caused by the
mixture of ordered and disordered phases. By comparing the
hard axis loops of the films with S�0.3, we find that with
the increase in S, the hard axis loops requires a larger applied
magnetic field to saturate. The maximum 1.8 T magnetic
field is not high enough to saturate the hard axis loops of
films with S�0.5. Although we cannot derive the switching
field Hk directly from unsaturated hard axis loops, we can
estimate Hk by extrapolating the hard axis loop. The esti-
mated Hk values of films with S=0.9, 0.7, 0.5, and 0.32 are
equal to 70 000, 46 000, 27 000, and 17 800 Oe, respec-
tively. Taking demagnetizing field into account, the aniso-
tropy of films can be roughly estimated by Ku= 1

2 MsHk

+2�Ms
2. So Ku for the films with S=0.9, 0.7, 0.5, and 0.32

are 4.6�107, 3.3�107, 2.2�107, and 1.7�107 ergs /cm3,
respectively. With the decrease in S, magnetic anisotropy of
Fe50Pt50 thin film decreases. The completely disordered film
has soft magnetic properties with an in-plane easy axis, and
the Hk ��12 400 Oe� derived from the out-of plane loop
almost equal to the demagnetizing field ��13 000 Oe�.

For the application of multilayer exchanged composite
media and anisotropy graded media, it is desirable for the
material of each layer to have perpendicular anisotropy. Ac-
cording to the results shown above, Fe50Pt50 films with S
down to 0.32 are good for this application.

Figure 5 shows the XRD pattern of Fe100−xPtx films with
x=50, 45, 40, and 33. All of these films show the �001�
superlattice peak. The films with highest Fe ratio have a
broad �001� peak compared with other films and a very broad
�002� peak. This is most likely due to the coexistence of
different phases and orientations in extremely Fe rich films.

The magnetic properties of the films are shown in Fig. 6.
For the films with Fe atom ratio up to 60%, the easy axis is
still out of plane. However, with the increase in Fe compo-
sition, the hard axis coercivity increases. Since the x-ray
rocking curve analysis does not show an increase in c-axis
dispersion nor does the x-ray diffraction pattern of these
films show any apparent in-plane peak, the dispersion of
easy axis is not likely the main reason for broad hard axis
loops. Usually, when we consider magnetic material with
uniaxial anisotropy energy with the expression

E��� = K2 sin2 � + K2 sin4 � + ¯ , �2�

we only consider K1 and neglect the effect of K2. There is
usually no problem in doing so because in most cases K2 is
quite small compared to K1. However, when K2 is not small,
neglecting of K2 is not valid. Nahid and Suzuki10 found a
large K2 K2 �K2�K1� in ordered Fe3Pt which can lead to a
tilt of the easy axis. A careful study of the easy axis loops
with x=45 and x=40 shows that the loops are not completely
flat which suggests that the perpendicular direction may cor-
respond to the easy axis. The film with x=33 shows almost
isotropic magnetic properties. Various factors such as mix-
ture of phases, variation of orientations, and tilting of the
easy axis by a large K2 can cause this effect.

For the application in recording media, a large K2 is not
desirable because it will make things more complicated by
introducing another variant. Moreover, the sign of K1 and K2

can be different, which may cause tilting of the easy axis.
Since the value and sign of K1 and K2 depend on the fabri-
cation process and condition, to control the magnetic aniso-
tropy value by changing composition, more effort is needed
to optimize the fabrication process for decreasing the effect
of K2.

IV. CONCLUSIONS

Equiatomic and Fe rich FePt films were deposited on
MgO�001� substrate with Cr �4 nm� and Pt �12 nm� as buffer
layer and seed layer. Their magnetic properties and micro-
structure were investigated. The anisotropy of Fe50Pt50 thin
film highly depends on its order parameter. Fe50Pt50 films
with order parameter down to 0.32 still have perpendicular
anisotropy. By controlling substrate temperature, we can

FIG. 5. X-ray diffraction pattern of Fe100−xPtx films with x=50, 45, 40, and
33.

FIG. 6. Hysteresis loops of Fe100−xPtx films with x=50, 45, 40, and 33.
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control the order parameter and then control the anisotropy.
Fe50Pt50 films with different order parameters S seem to be
promising in building multilayer exchanged composite me-
dia and anisotropy graded media. Fe rich FePt films show a
large coercivity in hard axis loops which may due to the
tilting of easy axis caused by a large K2. More study is
needed to further optimize the fabrication processes and con-
ditions for producing graded media.
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