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FexPt100−x films were grown on MgO�111� by co-sputtering Fe and Pt. Composition of the films was
determined by Rutherford backscattering spectrometry with an accuracy of 1%. Epitaxy and alloy
ordering were quantified by x-ray diffraction and the order parameter was determined to be 0.97 for
a film with x=30 and 0.99 for a film with x=25. Neutron diffraction measurements established the
presence of an antiferromagnetic phase at T=100 K in 500 nm FePt3 samples grown on MgO�111�.
Since FePt3 can be grown as an ordered antiferromagnet and a disordered ferromagnet, these films
provide a pathway to grow lattice matched interfaces for exchange bias studies. © 2005 American

Vacuum Society. �DOI: 10.1116/1.1885020�
I. INTRODUCTION

FexPt100−x �20�x�30� grown on MgO�110� and

Al2O3�1120�exhibits antiferromagnetic ordering below 160
K depending on the film growth temperature, substrate sym-
metry, and composition of the alloy.1 Fe moments in sto-
ichiometric FePt3 order as alternating ferromagnetic sheets in
the �110� planes and have a very high moment �3.3 �B�.
Bulk FePt3 exhibits an antiferromagnetic spin structure with
a wave vector Q1=2� /a� 1

2
1
20� below TN1�160 K.2,3 In Fe-

rich bulk alloys �x�26� a spin structure transition to a sec-
ond antiferromagnetic phase, Q2=2� /a� 1

200� �Fig. 1� occurs
below TN2�100 K. The Q1 phase is further suppressed
above x=30. In FePt3�111� films grown on a-axis sapphire,
the spin structure is the same as bulk with x=27 film exhib-
iting transitions at TN1 and TN2.1,4 The film with x=30 exhib-
its similar behavior with respect to the appearance of a Q2

phase with increasing Fe content but with a TN2�140 K.
FePt3�110� grown on MgO�110� exhibits only the Q1 phase
for both compositions, x=27 and x=30, while the Q2 phase
suppressed. In the current study, ordered FexPt100−x �x=25
and 30� are grown on MgO�111� and its structural properties
are characterized with x-ray and neutron diffraction.

II. EXPERIMENT

The samples were deposited in an ultrahigh vacuum
chamber with a base pressure lower than 2�10−8 mbar. The
films were deposited by co-sputtering from Fe and Pt at an
Ar pressure of approximately 0.01 mbar with the substrate
heated at 700 °C. Alloy compositions were controlled by

a�
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keeping the Pt deposition rate constant and changing the Fe
deposition rate. The deposition rates were calibrated using a
quartz crystal microbalance. The alloys were grown on
single crystal MgO�111� substrates obtained from Princeton
Scientific. The heterostructures fabricated for this study have
the following structure:

FIG. 1. � 1
2

1
20� and � 1

200� ordering diagram in FePt3. The arrows in the circles

represent Fe moments.
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MgO�111�/Fe�1 nm�/CrPt3�2 nm�/FexPt100−x�200 nm�/
Pt�1.5 nm� for x=25 and 30.

Rutherford backscattering studies were performed at
IBM Almaden Research Center with Fe25Pt75 �M1� and
Fe30Pt70 �M2� to characterize the composition and the film
thickness. The technique involves scattering high energy �2.3
MeV� He+ ions from the sample. The ratio of Fe and Pt peak
areas can be used to estimate the composition, while the
width of the peak �Fig. 2� is related to the film thickness. The
compositions calculated from this technique are accurate to
1 at. %. The information was used to calibrate the deposition
rates of the sputtering targets. The uncertainty in the compo-
sitions determined from energy dispersive analysis of x rays
is estimated to be approximately �5%, which is much
greater than that of the Rutherford backscattering spectros-
copy �RBS� measurements, and the data agree qualitatively
with the RBS measurements as shown in Table I. All the
samples were routinely characterized with a Philips X’Pert
Diffractometer to confirm the presence of the ordered FePt3
phase. The measurement geometry is shown in Fig. 3. Both
samples, M1 and M2, show a strong out of plane FePt3�111�
texture as shown in Fig. 4. The full width at half maximum
of FePt3�111� � scan is less than 1°, which is comparable to
films deposited on MgO�110�.1 The lattice constant of M2 is

FIG. 2. Rutherford backscattering spectrometry of 200 nm FexPt100−x

for x=25 and 30 on MgO�111�.
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slightly smaller than M1, which agrees well with the fact that
the excess Fe contracts the lattice. The in-plane ordering is
confirmed with the 2� scan with the tilt angle set at 35.26°
and is shown in Fig. 5. The inset compares the FePt3�220�
and �110� rocking curves in sample M1 with all the other
angles fixed to a given peak position obtained from the
azimuthal scan.

FIG. 4. Comparison of FePt3�111� �a� x-ray diffraction peaks and �b� rocking
curves of M1 and M2.

FIG. 5. �a� Comparison of FePt3�220� and �110� diffraction peaks and �b�
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FIG. 3. Geometry of the x-ray diffraction experiment.

rocking curves in M1. The ratio of integrated intensities is a direct measure
of the amount of ordering.
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The FePt3 structure is similar to AuCu3, which is regarded
as a model system for order–disorder transformation.5 Or-
dered FePt3 has a simple cubic Bravais lattice while that of
the disordered alloy is face-centered cubic. Disordered FePt3
has each lattice site occupied by, on average, 1 Fe and 3 Pt

TABLE I. Comparison of calculated intensities vs expe
Bragg peaks. Buffer=Fe�1 nm�/CrPt3�2 nm�, cap=Pt

Sample

Fe % as
determined

from

QCM calibration RBS EDX Refl

M1: MgO�111�/buffer 26�0.5 23�5 FeP
Fe25Pt75�200 nm�/cap FeP
M2: MgO�111�/buffer 30�0.5 28�5 FeP
Fe30Pt70�200 nm�/cap FeP
4 4

structure.

JVST A - Vacuum, Surfaces, and Films
atoms, where the atomic fractions represent probabilities.
FePt3, when completely ordered, can be considered as a lat-
tice composed of interpenetrating simple cubic Fe and Pt
sublattices. Thus, it has diffraction peaks with all possible
values of hkl. The structure factor in such a case is

tal relative intensities of FePt3 �110� and FePt3 �220�
m�.

2� Lorentz Rel Int Rel Int

n deg factor calculated XRD

0 32.6884 23.4277 0.3334 0.3259
0 68.4777 5.2442 1.0000 1.0000
0 32.7207 23.3796 0.3354 0.3163
0 68.6470 5.2227 1.0000 1.0000
Ff�Fundamental line� = �fFe + 3fPt� for hkl unmixed �all even or odd, 220, 200� ,

Fs�Superlattice line� = �fFe − fPt� for hkl mixed �110, 100� .
It is important to note that Fs is zero for the disordered case.
The ratio of intensities of the two Bragg peaks is

	 =
Intensity �mixed hkl�

Intensity �unmixed hkl�
=

L110
p � �F�110

2

L220
p � �F�220

2

=
L110

p � �fFe − fPt�2

L220
p � �fFe + 3fPt�2 ,

where

Lp =
1 + cos2 2�

�sin � cos ��2

is the Lorentz polarization factor.

FIG. 6. The � scan of 500 nm Fe25Pt75 revealing the twinned epitaxial
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The above factor, Lp, takes into account the geometric
aspects that affect the intensity and also the fact that the
incident x rays are unpolarized. Therefore, the presence of a
superlattice line indicates ordering and the amount of order-
ing can be deduced by comparing the intensities of a mixed
and unmixed hkl Bragg peak. The analysis shown in Table I
demonstrates that the films are nearly perfectly ordered,
since the ratio of integrated intensities of FePt3�220� and
FePt3�110� is about 0.3. The order parameter is defined as

S =�	e

	c
,

where 	e is the experimental and 	c is the calculated ratio of
intensities of FePt3�110� and FePt3�220� peaks. The values
for M1 and M2 are 0.99 and 0.97, respectively, which is
close to the order parameter of 1 for a perfectly ordered
alloy. These values indicate that the deposition temperature
of 700 °C is close to the optimum temperature for producing
well-ordered films.

Neutron diffraction experiments were performed on
500-nm thick films of Fe25Pt75 and Fe30Pt70 on MgO�111�
prepared with similar procedures as outlined earlier. X-ray
diffraction was used to confirm the ordering and epitaxial
nature of the films. Pole figure measurements were done by
positioning the sample at a given 
 and 2� angle and varying
� angle continuously. The existence of twins in FePt3 is clear
from azimuthal scans shown in Fig. 6, which also shows that
rimen
�1.5 n

ectio

t3 11
t3 22
t3 11
t3 22
there is no in-plane rotation of FePt3 with respect to the MgO
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substrate. The epitaxial relations are summarized by a pole
figure in Fig. 7. Neutron diffraction measurements were done
using the HB1 Triple axis spectrometer at the High Flux
Isotope Reactor, Oak Ridge National Laboratory. The neu-
tron wavelength used was 2.35 Å and the sample tempera-
ture was controlled with a closed cycle He refrigerator.
2� /a � 1

2
1
20� diffraction peaks were measured as a function of

the reciprocal lattice vector h at 100 K �Fig. 8� in both
samples. The width of the Bragg peaks is related to the in-
strument resolution and the mosaic spread of the antiferro-
magnetic domains present in the sample. The peaks have
been fitted to a Gaussian function and include a
q-independent background subtraction. These peaks indicate
the clear presence of the Q1 antiferromagnetic phase in both
the samples.

III. CONCLUSIONS AND FUTURE WORK

The growth and characterization of well ordered, stoichio-
metric alloys of FePt3 on MgO�111� is demonstrated. X-ray
diffraction revealed that the films are crystalline and epitax-
ial. Precise control over the composition has been confirmed
with Rutherford backscattering spectroscopy. Pole figures re-
veal the formation of twins in the 200 nm films grown on
MgO�111�. L12 ordering has been confirmed by the observa-
tion of FePt3�110� peak and a quantitative estimate of order
parameter is obtained by comparing the �110� and �220� peak
areas with 98% order obtained for the Fe26±0.5Pt74±0.5 alloy.
The formation of an ordered antiferromagnetic phase is un-
ambiguously confirmed with neutron diffraction in both the
alloy films.

Previous studies of exchange bias for antiferromagnetic

FIG. 7. Pole figure of FePt3�111� on MgO�111�.
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FePt3 with ferromagnetic transition metals were performed
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on FePt3/Co and FePt3/Fe grown on MgO�110�.6,7 The large
amount of epitaxial strain at the AF/F interface in these sys-
tems produces an additional magnetoelastic anisotropy.
FexPt100−x grows as an ordered antiferromagnet when depos-
ited at 750 °C and as a disordered ferromagnet when depos-
ited at 150 °C. Therefore, these films offer a fascinating route
to fabricate exchange biased systems and to investigate the
relationship between structure and magnetism with a strain-
free interface. Also, the low Néel temperature �160 K� makes
it possible to easily perform field cooling experiments where
the sample is cooled through the Néel temperature under the
application of an externally applied magnetic field while
avoiding temperatures where structural changes may occur at
the interface. Since the films are epitaxial, it is possible to
investigate the relationship between the cooling field direc-
tion and the crystallographic directions of the film.
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