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We find that the use of V�100� buffer layers on MgO�001� substrates for the epitaxy of FePd binary
alloys yields to the formation at intermediate and high deposition temperatures of a FePd–FeV
mixed phase due to strong V diffusion accompanied by a loss of layer continuity and strong increase
of its mosaic spread. Contrary to what is usually found in this kind of systems, these mixed phase
structures exhibit perpendicular magnetic anisotropy �PMA� which is not correlated with the
presence of chemical order, almost totally absent in all the fabricated structures, even at deposition
temperatures where it is usually obtained with other buffer layers. Thus the observed PMA can be
ascribed to the V interdiffusion and the formation of a FeV alloy, being the global sample saturation
magnetization also reduced. © 2006 American Institute of Physics. �DOI: 10.1063/1.2187413�
I. INTRODUCTION

The fabrication of binary FePt and FePd alloys is of
great fundamental and technological interests. These alloys
in their chemically ordered phase �L10� exhibit large perpen-
dicular magnetic anisotropy �PMA�: Ku�107 J /m3 in FePt
and Ku�9�105 J /m3 in FePd.1 Chemical order is charac-
terized by the alternation of pure Fe and Pd �Pt� atomic
planes along a cubic �001� direction, which as a consequence
suffers a tetragonal distortion with respect to the cubic lat-
tice, and becomes the axis for easy magnetization. Therefore,
chemically ordered L10 films grown along the �001� direc-
tion exhibit PMA. On the other hand, in magnetic nanopar-
ticle systems the thermal stability of the magnetization in
individual nanoparticles scales with the anisotropy constant
�Ku� and the nanoparticle volume;2 therefore with the pres-
ence of such a high magnetic anisotropy phase it is possible
to reduce strongly the nanoparticle size while avoiding the so
called superparamagnetic limit. These features make them
excellent candidates to develop ultrahigh density magnetic
media with naturally separated and stable bits.3,4 The onset
of chemical order and therefore large magnetic anisotropy in
FePd and FePt binary alloys is associated with the chemical
order degree, only being achieved at high enough deposition
or annealing temperatures �400 °C for FePd �Ref. 5� and
600 °C for FePt �Ref. 6��, a fact that can be a drawback for
the production of technological devices. In this scope alter-
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native methods used in recent years to obtain PMA in alloys
grown at a lower temperature and with a smaller chemical
ordering degree include the addition of third elements,7 arti-
ficial multilayering,8 ion irradiation,9 monoatomic layer
control,10 compositional changes,11 and selection of buffer
layer nature.12

This last method, a buffer layer between the substrate
and the binary alloy, is generally used to increase the flatness
of the initial growing surface and to decrease the existent
lattice mismatch, and it has been demonstrated that the
nature,5,10–17 thickness,5 and deposition temperature13 of the
buffer layer affect strongly the ordering degree of the binary
alloy. Amongst a large variety of materials, V has never been
used as a buffer layer for the epitaxy of FePt and FePd al-
loys, in spite of the high flatness and crystalline quality of
V�100� thin films grown on MgO�001� substrates18 with in-
terfacial roughness between 1 and 3 Å.

Therefore the motivation of this work is to study
the structure, morphology, composition, magnetism, and
magneto-optical �MO� response of FePd films sputter depos-
ited at temperatures between room temperature �RT� and
700 °C on monocrystalline V�001� buffer layers grown on
MgO�001� substrates. A PMA phase is obtained in FePd
films grown at temperatures above 400 °C in spite of the fact
that no chemical ordering is found. A strong V interdiffusion
into the FePd layer and the formation of FeV alloy is accom-
panied by a two-dimensional to three-dimensional growth
mode transition and an increase of the mosaic spread at these
temperatures. Although in this case PMA is obtained at simi-

lar temperatures as in regular FePd alloys, in this approxima-
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tion FePd–FeV mixed systems can open alternative ways to
obtain high anisotropy systems at lower temperatures and
with lower chemical order requirements. The paper will be
structured as follows: in Sec. II the experimental details are
reported. In Sec. III the evolution of the different structural
aspects, such as morphology, crystalline structure, and inter-
face nature, as a function of the alloy deposition temperature
will be described. Then Sec. IV will show the effects that
these structural aspects have in different magnetic and
magneto-optical properties, such as saturation magnetization,
magnetic anisotropy, and magneto-optical activity. Finally,
Sec. V will be devoted to presenting the main conclusions of
the work.

II. EXPERIMENT

FePd films of 22 nm in thickness were obtained by tri-
ode sputtering codeposition from Fe and Pd targets at 4
�10−4 mbar Ar pressure in an ultrahigh-vacuum chamber
with a base pressure in the low 10−9 mbar range. The alloys
were grown at different deposition temperatures, ranging
from RT up to 700 °C at a deposition rate of 0.24 Å/s. Prior
to FePd deposition, a 40 Å buffer layer of V was deposited
by sputtering at 400 °C on MgO�001� substrates at a depo-
sition rate of 0.07 Å/s, optimum conditions for the growth of
high crystalline quality, and low surface roughness epitaxial
V films.18 Subsequently to the FePd deposition, a 50 Å thick
protective capping layer of Pd was deposited at RT also by
sputtering.

A multitechnique approach has been followed to study
the fabricated structures, using atomic force microscopy
�AFM�, x-ray diffraction �XRD�, and transmission electron
microscopy �TEM� for the structural characterization, elec-
tron energy loss spectroscopy �EELS�, and x-ray photoemis-
sion spectroscopy �XPS� for the in-depth resolved chemical
composition, and superconducting quantum interference de-
vice �SQUID�, magnetic force microscopy �MFM�, magneto-
optical Kerr effect �MOKE� loops, and Kerr spectroscopy for
the magnetic and MO characterizations. AFM and MFM im-
ages were taken using a Nanotec™ microscope operating in
a noncontact dynamic mode. For MFM, the tip scanned at a
constant lift height above the sample �typically 50 nm� and
the phase shift, proportional to the force gradient, was mea-
sured. Probes with similar cantilevers �force constant
�5 N/m and resonant frequency �150 kHz� and pyramidal
tips �cone angle below 20°� but different magnetic coatings
were used. All of them were magnetized along the pyramid
axis. XRD and x-ray reflectometry �XRR� experiments were
performed in a four-circle diffractometer with Cu K� ��
=1.5418 Å� radiation, using Bragg-Brentano configuration
and 1/4° slits. TEM characterization was carried out in a
Jeol 2010 field emission gun microscope operating at
200 kV. In these measurements, EELS was also used to de-
tect variation in the composition of different areas of the
samples. EELS spectra were taken within a range of electron
energy loss rating from 325 to 745 eV, in order to examine
Pd M4,5, V L2,3, O K, and Fe L2,3 peaks. XPS depth profiling
was carried out to investigate the concentration and chemical

states of the elements in the layers; the samples were etched
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using Ar+ ions with 1 keV energy and the incidence angle of
the impinging Ar+ ions was 42° with respect to the normal of
the sample. The angle between the hemispherical analyzer
�Specs, PHOIBOS 100� and the normal of the surface was
kept at 30°. The quantitative analysis was performed by the
evolution of the photoemission integrated intensities of Fe
2p1/2, Fe 2p3/2, Pd 3d3/2, Pd 3d5/2, V 2p1/2, and V 2p3/2

transitions for each sample. Details on the determination of
the Ar+ etching rate can be found elsewhere.19

Magnetization measurements were carried out by using a
rf-SQUID magnetometer from Quantum Design at RT in ap-
plied fields up to 20 kOe. The MO behavior of the samples
was studied by means of transverse and polar MOKE loops.
Transverse loops were measured with a 633 nm HeNe laser
system at RT in 45° incidence angle geometry; the change in
reflectance was registered; in the case of polar Kerr loops,
530 nm light in normal incidence also at RT was used and
the Kerr rotation angle was measured. Moreover, polar Kerr
spectra were measured in a spectrometer similar to the one
described in Ref. 20, in the spectral range from 1.4 to 4.3 eV.

III. MORPHOLOGY AND STRUCTURE

AFM images were taken in all samples to investigate the
surface morphology dependence on the alloy deposition tem-
perature. Since the surface roughness of a 40 Å vanadium
layer grown at 400 °C on MgO�001� is very low �with an
interfacial roughness between 1 and 3 Å�,18 we can then ex-
pect all the observed features in the as grown structures to be
in principle primarily due to the Pd capped FePd alloy thin
films. In Figs. 1�a�–1�f� we show the results for six of the
samples, representative of the three different morphology re-
gimes obtained as a function of deposition temperature. In
the case of the low deposition temperature regime, we show
AFM images for the samples grown at RT and 300 °C �Figs.
1�a� and 1�b��. At RT can be observed a very flat surface and
only small circular shaped features with an average in-plane
diameter of 50 nm and 0.5 nm height, of the same order of
what is observed in the bare V buffer layers; while in the
300 °C sample �Fig. 1�b�� these features are larger with an
average in-plane diameter of 150 nm and 1.9 nm height.
Morphological changes become evident as the FePd deposi-
tion temperature is increased, observing a transition from
two-dimensional to three-dimensional growth mode at
400 °C �Fig. 1�c��, where the film morphology is not con-
tinuous anymore and the sample surface exhibits cracks with
features of 200 nm in width in average lateral dimensions
and 17 nm in depth �the nominal thickness of the film being
22 nm�. Above this temperature a clear three-dimensional
growth mode is obtained, with the size of the nanoparticles
continuously increasing with increasing deposition tempera-
ture. In Figs. 1�d�–1�f� we show AFM images for the
samples grown at 500, 600, and 700 °C, respectively, repre-
sentative of this growth mode regime, observing nanopar-
ticles with mean diameters ranging from 600 to 750 nm and
average height from 40 to 50 nm. In Fig. 1�g� AFM line scan

profiles of samples grown at RT and 300, 400, 500, and
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700 °C are presented, where the lateral and vertical dimen-
sions of the surface features of the samples can be easily
compared.

Complementary structural information, now focused on
the alloy crystalline structure, was obtained by XRD. Sym-
metric and asymmetric XRD scans as well as rocking curves
around the main reflections were measured for all the
samples. In Fig. 2 high angle symmetric scans are shown,
where as reference bulk positions for Pd�200�, FePd�200�,
FePd�002�, V�200�, and FeV�200� peaks are indicated as dot-
ted lines, extracted from Refs. 1, 21, and 22. The angular
region around 2�=24.4°, where the FePd�100� peak is gen-
erally observed in chemically ordered structures, is not
shown since no �001� was detected in our case, regardless of
the alloy deposition temperature. This implies that no chemi-
cally ordered L10 phase is found in any sample. However,
the strong evolution of the diffraction patterns as a function
of deposition temperature indicates a temperature dependent

FIG. 1. AFM images corresponding to the samples grown at �a� RT and �b�
300, �c� 400, �d� 500, �e� 600, �f� and 700 °C. �g� Profiles of the samples
grown at RT and 300, 400, 500, and 700 °C. A two-dimensional to three-
dimensional growth mode transition is observed.
structural modification at the atomic level in the layers. Re-
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garding the FePd layer, FePd�200� diffraction peaks appear
in all the samples, corresponding to the chemically disor-
dered phase of FePd; a smooth evolution of the position of
this peak is observed, indicating a slight and continuous
change in the alloy lattice parameter. Consistently with the
absence of FePd�001� reflections, the FePd�002� ones, char-
acteristic also of the ordered L10 FePd phase and that should
appear around 2�=49°,13 were not observed independently
of the deposition temperature. Only two weak peaks around
50° appear for samples grown at 600 and 700 °C which
could be due to a minoritary FePd ordered phase. Regarding
the V buffer layer, the V�200� diffraction peak, whose bulk V
position is 2�=61.3°, is only detected at low deposition tem-
peratures �RT and 100 and 200 °C�, shifting to smaller scat-
tering angles, with a small signal near bulk position for
300 °C, and disappearing in the sample grown at 400 °C.
On the other hand, an additional peak appears in the sample
grown at 200 °C in positions around 2�=65°, the intensity
increasing with the growth temperature and being maximum
in the 600 °C sample. It has been already observed in Fe–V
multilayers grown at high temperature23–25 the thermal in-
duced diffusion of V into the Fe layer and the alloying of Fe
and V forming a body centered cubic �bcc� or a tetragonal �
phase depending on the stoichiometry and on the
temperature.26 The lattice parameter for this tetragonal �
phase is of 2.91 Å,21 very close to the value extracted from
the observed peaks. This is also very close to the Fe�200�
reflection �Fe lattice parameter is 2.87 Å�; therefore from
these measurements it can be deduced that either the segre-

FIG. 2. Symmetric x-ray diffraction scans for the Pd/FePd/V/MgO struc-
tures with different FePd deposition temperatures. The position of Pd�200�,
FePd�200�, FePd�002�, V�200�, and FeV�200� bulk peaks is indicated.
gation of pure Fe regions or the formation of a FeV alloy
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occurs. In the sample grown at 700 °C no trace of V or other
compounds is found; this disappearance has been previously
observed in V layers grown at high temperature on MgO,18

probably due to the V amorphization at these temperatures.
Additional structural information is presented in Fig. 3,

where rocking curves measured around the FePd�200�,
V�200�, and FeV�200� diffraction peaks are shown. The
rocking curves corresponding to the V�200� diffraction peaks
have an increasing width as the deposition temperature in-
creases from RT to 300 °C �no V is found above 300 °C�,
being extracted a mosaic spread ranging from 2° to 10°. On
the other hand rocking curves around the FeV�200� reflection
exhibit a decreasing width with increasing temperature, rang-
ing from 3° in the 200 °C sample to 1.5° at 600 °C; no trace
of FeV is found at 700 °C. In the case of the FePd�200� peak
�Fig. 3�a��, we observe distinctive regimes depending on the
deposition temperature that clearly match those previously
observed in AFM: from RT to 300 °C, where a flat morphol-
ogy was obtained, the FePd mosaic remains constant with
values around 4°. At 400 °C, where a transition from two-
dimensional to three-dimensional morphology happened, a
sudden increase of a factor of 2 in the mosaicity up to 8° is
observed. Finally, above 400 °C the nature of the layer mo-
saic dispersion corresponds to that of a structure with a por-
tion of crystallites aligned along the growth direction, as well
as others misaligned with respect to it. In fact, for the sample
grown at 500 °C the majority of crystallites are actually mis-
aligned 7° with respect to the growth direction, according to
the relative peak areas observed in the corresponding rocking
curve, with a very small portion of the alloy planes still
normally aligned. For the 600 °C sample the portion of mis-
aligned crystallites �6.6° in this case� is reduced and that of
the aligned ones increases, and finally for 700 °C most of the
alloy particle crystalline planes �at this temperature the alloy
is not continuous anymore� are aligned with the growth di-
rection for this specific sample. In Fig. 3�b� a schematics of

this interpretation about the mosaic structure evolution is de-
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picted, together with a quantitative evolution of the mosaic
dispersion as a function of the alloy deposition temperature
in Fig. 3�c�. There, the assigned values for the mosaic spread
for 500–700 °C samples correspond to the separation of the
measured peaks for the crystallites misaligned with respect
to the growth direction.

The epitaxial relations between the substrate, buffer, and
alloy layers were determined by measuring the asymmetric
FePd�220�, V�110�, and MgO�110� reflections together with
the V�200� and FePd�200� symmetric reflections, concluding
the epitaxial relation: �010��001�FePd� �−110��001�V � �010�
��001�MgO, i.e., a 45° in-plane rotation of the V�100� di-
rection with respect to the MgO and FePd ones. The out-of-
plane �c� and in-plane �a� lattice parameters of the FePd,
FeV, and V layers were also extracted from the position of
the mentioned symmetric and asymmetric reflections, the
corresponding results being presented in Fig. 4. The bulk
lattice parameters are marked with a dashed line. A very
small tetragonal distortion is observed in FePd at moderated
deposition temperatures �c /a=0.99�, much smaller than it
would be expected for an ordered phase �c /a=0.97�.22 A
tetragonal distortion is also observed in the FeV alloy phase,
with a c /a ratio of 0.86.

In order to confirm the V diffusion in the FePd layer and
to investigate the morphology and composition of the differ-
ent layers, a combined TEM and EELS study was performed.
This allows a simultaneous structural and chemical charac-
terization with high spatial resolution. At low FePd deposi-
tion temperatures �100, 200, and 300 °C� very flat and crys-
talline alloy layers are observed, the epitaxial relationship
with the substrate measured with XRD being confirmed. No
interdiffusion of V or Pd appears in the FePd layers grown at
low temperature as the EELS spectra demonstrate. The
V�200� peak shift observed in the XRD between RT and
200 °C might be then due to epitaxial strain or very small
interdiffusion, below the EELS detection limits. Figure 5�a�

FIG. 3. �a� Rocking curves measured in the FePd�200�
peaks, �b� sketch of the atomic plane evolution and �c�
mosaic of the FePd films as a function of the deposition
temperature.
shows a TEM micrograph of the sample grown at 100 °C,
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with a very well defined layered structure and clear inter-
faces: MgO, V, and FePd layers can be easily distinguished.
Different EELS spectra were measured in the circled areas to
investigate possible interdiffusion and the presence of V in
the FePd layer. In Fig. 5�b� the spectra for the 100 °C sample
measured in the marked areas are shown; the different peaks
corresponding to the Pd M4,5, V L2,3, O K, and Fe L2,3 tran-
sitions were investigated. However, no trace of the V L2,3

peak appears in the FePd layer. In the sample grown at
400 °C, where a FeV alloy diffraction peak is already ob-
served, the layered structure is not as well defined as for
lower deposition temperatures �Fig. 5�c��. Again, EELS
spectra were taken in the circled regions �Fig. 5�d�� and this
time V is found in the FePd layer, with a V content which is
higher near the FePd–V interface, and that gradually reduces
as we move farther away from it. This interdiffusion is also
observed in the samples grown at higher temperature with
increasing intensity. In the 700 °C sample there is no possi-
bility to distinguish separate V and FePd layers �Fig. 5�e��
and the V concentration is found to be constant in all the
FePd layers according to the relative V L2,3 peak areas ob-
served �Fig. 5�f��.

Complementary depth profiling XPS measurements were
performed on samples grown at RT and high temperature

FIG. 4. Determined in-plane �a� and out-of-plane �c� lattice parameters of V,
FeV, and FePd as a function of the deposition temperature. The bulk values
are indicated in each case by a dashed line.
�600 °C�. The resulting concentrations of the different ele-
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ments of interest �Fe, Pd, V, Mg, and O� as a function of
thickness and for the two samples are presented in Fig. 6. As
can be seen, for the sample grown at RT �Fig. 6�a�� the
concentration of V exhibits a Gaussian distribution quenched
in between the FePd film and the MgO substrate, indicating
the presence of sharp interfaces and consequently the ab-
sence of V diffusion into the FePd thin film and in agreement
with the conclusions extracted from the EELS measurements
in the alloy grown at 100 °C. Note that the observation of
sharp interfaces also indicates that no implantation phenom-
ena are induced with Ar+ ion with 1 keV kinetic energy. On
the other hand, it can be clearly seen that for the sample
grown at 600 °C �Fig. 6�b�� V is distributed in the whole
FePd film and capping layer and that no sharp interfaces are
observed. Such distribution of the V concentration as a func-
tion of thickness clearly indicates that, in contrast to the
sample grown at RT, there is a strong diffusion of V into the
FePd film. No clear changes in the chemical states of the V,
Pd, and Fe elements could be observed on the core level
spectra, probably due to the low concentration �always less
than 5%� of the V and FeV alloys in the samples. As can be
observed, the concentration ratio between Fe and Pd is close
to 0.5 and almost constant in all the FePd layers and for both
samples indicating the growth of a homogeneous and sto-
ichiometric FePd compound.

IV. MAGNETIC AND MAGNETO-OPTICAL
PROPERTIES

SQUID magnetometry has been used to obtain the satu-
ration magnetization �Ms� of the samples. A value close to
that of the stoichiometric phase at RT �1280 emu/cm3� �Ref.
14� is found in the samples grown at lower temperatures
�from RT to 300 °C�, while a strong reduction is observed in
the samples grown at higher temperature �400, 500, 600, and
700 °C� �Fig. 7�a��. This change appears in the sample
grown at 400 °C, in which the onset of V diffusion was
observed by EELS; therefore the diffusion of V into the FePd
layer and the appearance of FeV alloy with a lower average
magnetization moment can explain the decrease of the satu-
ration magnetization. It has been demonstrated that in Fe–V
interfaces V couples antiferromagnetically with Fe, giving
rise to a induced magnetization in V �magnetic moment per
V atom ranging from 0.3�B to 1.5�B�, and a 20% decrease
in the magnetic moment of Fe interface atoms.27,28 This re-
duction has been observed as well in FeV alloys, measuring
a magnetization of 0.99�B / at. for Fe �55% reduction� in
equiatomic alloys29 or even the total extinction for high con-
centrations of V. On the other hand in FePd the coupling is
ferromagnetic and it has been calculated a magnetic moment
of 3.04�B / at. for Fe exceeding the Fe value �2.2�B / at.� and
of 0.38�B / at. for Pd.30

Hysteresis loops for out-of-plane and in-plane fields
have been measured by polar and transverse MOKEs; in Fig.
7�b� a complete characterization is shown: polar loops on the
left column and the corresponding transverse loops on the
right. In order to understand the magnetic behavior of the
system we must keep in mind that two factors are competing:

on one hand, the change in morphology from continuous
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films to three-dimensional islands as deposition temperature
increases; and on the other hand, the FeV alloy formation
between 400 and 700 °C as a consequence of the V interdif-
fusion. The samples grown at RT and 100 and 200 °C show
a typical behavior of continuous thin films with in-plane
magnetic anisotropy; they have a small in-plane coercive
field and saturation field, and high out-of-plane saturation
field.31 They also exhibit a fourfold anisotropy, with easy
�100� directions and hard �110� ones �shown in the transverse
loops in Fig. 7�b��. The sample grown at 300 °C is similar
but the fourfold anisotropy has disappeared, probably due to
the appearance of cracks in the layer that produces an
additional configurational anisotropy which smears out
the crystalline counterpart, as previously evidenced in
Fe/MgO�001�.31 Again, the sample grown at 400 °C sepa-
rates two different behavior regions in the magnetic response
as it did in the structure and saturation magnetization. The
in-plane coercive field increases from 6 to 150 Oe, due
mainly to an increase in the nanoparticle height at that tem-
perature �as observed by AFM and TEM� which leads to a
smaller physical connection and therefore a weaker effective
magnetic exchange between the nanoparticles; but also to the
high dispersion of crystalline plane orientation �mosaic

spread� observed in this sample. The increase of the out-of-
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plane coercive field and the big reduction of the out-of-plane
saturation field point to the presence of perpendicular aniso-
tropy, in spite of the absence of chemical order at this depo-
sition temperature. Also in SQUID measurements where a
higher field is applied and the sample gets saturated, an enor-
mous increase of the in-plane saturation field �6 kOe� is ob-
served in this sample, confirming the presence of a phase
with perpendicular anisotropy. The samples grown at 500,
600, and 700 °C show a similar response as the one grown at
400 °C, with decreasing in-plane and out-of-plane coercivi-
ties. Also a decrease of the in-plane and an increase of the
out-of-plane saturation fields are observed, indicative of a
PMA phase. It is worth noticing that the PMA cannot be
ascribed to the three-dimensional �3D� growth, since the
nanoparticles exhibit a disklike shape with a maximum
height/diameter ratio around 0.1 that is unlikely to promote
perpendicular magnetization.

This clear correlation between reduced Ms �induced by a
FeV alloy formation� and PMA, simultaneously observed in
all the samples grown between 400 and 700 °C, indicates
that the presence of the FeV alloy is responsible for the
PMA. The magnetic anisotropy constant �Ku� calculated for
the samples exhibiting PMA from the SQUID hysteresis

FIG. 5. �a�, �c�, and �e� TEM micrograph of the samples
grown at 100, 400, and 700 °C, respectively. �b�, �d�,
and �f� EELS spectra for the mentioned samples mea-
sured in the points marked in the images shown beside.
The peaks Pd M4,5, V L2,3, O K, and Fe L2,3 are studied.
Note the absence of V in the FePd layer in the 100 °C
sample, how V appears in different points of the FePd
layer in the 400 °C sample, and the constant concentra-
tion of V along the FePd layer in the 700 °C sample.
loops measured along the in-plane direction reaches values
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of 5.2�104 J /m3 for the 400 °C sample and 2.34�104 and
1.25�104 J /m3 for the 500 and 700 °C samples, respec-
tively. These values are quite below the one found in sto-
ichiometric L10 FePd ordered alloy �9�105 J /m3� but are
quite high for a chemically disordered alloy.

MFM measurements confirm these findings. Figure 8
shows MFM images of three different samples at zero mag-
netic field. The images obtained with samples grown at high
temperature exhibit alternate dark and bright regions, which
is the distinctive feature of samples with perpendicular
anisotropy:32,33 these alternate regions correspond to up and
down orientations of the magnetization. However, the sample
grown at RT exhibits narrow lines that can be ascribed to
magnetic domain walls,34 meaning that elsewhere the mag-
netization lies mainly in plane of the film. It is worth notic-
ing that low moment tips were needed in this MFM experi-
ment to prevent the tip from dragging the domain walls.

To explore possible changes in electronic structure re-
lated with the FeV alloy formation, the MO spectral response
of all the samples was investigated with polar Kerr spectros-
copy in the photon energy range from 1.4 to 4.3 eV. In Fig.
9 the evolution of the Kerr rotation spectra as a function of
deposition temperature is shown. While the samples grown
at low temperature �RT and 100, 200, and 300 °C� show
almost identical spectra, a strong change is observed in the

FIG. 6. Evolution of Pd, Fe, V, Mg, and O concentrations vs the distance
from the surface, as detected by XPS for the samples grown at RT �a� and
600 °C �b�.
sample grown at 400 °C, with an overall reduction of the
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Kerr rotation intensity and an even stronger reduction of the
intensity of the 4 eV Kerr rotation peak in the sample grown
at 700 °C. In FePd alloys this peak at 4 eV is related to the
polarization of Pd induced by Fe,35 the reduction of the in-
tensity of this peak as we increase the growth temperature
probably due to the presence of a FeV alloy. The V atoms
will reduce the number of Pd atoms in contact with Fe and
therefore their polarization, which will produce a reduction
of the intensity of the Kerr rotation. The amount of FeV
increases as deposition temperature increases due to the total
diffusion of V in the FePd layers, as observed by EELS and

FIG. 7. �a� Saturation magnetization of the samples as a function of the
deposition temperature measured with SQUID; the line is just a guide for
the eyes. �b� Evolution of the polar �left� and transverse �right� Kerr loops
with temperature. For the transverse loops, two curves are shown, one ob-
tained for the �100� direction and the other for the �110� direction. Please
note the different scales in the transverse loops.
XPS.
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V. CONCLUSIONS

We have studied the structure, morphology, composition,
magnetism, and MO response of FePd films sputter depos-
ited at different temperatures �from RT to 700 °C� on a
monocrystalline V�001� buffer layer. Above 400 °C a strong
V interdiffusion into the FePd layer and the formation of
FeV alloy is accompanied by a two-dimensional to three-
dimensional growth mode transition and an increase of the
mosaic spread at these temperatures. A PMA phase is found
in FeV–FePd films grown at temperatures above 400 °C in
spite of the absence of long range chemical ordering, usually

FIG. 8. MFM images of different samples. Sizes of 2�2 �m2 for the RT
sample and 18�18 �m2 for the 400 and 600 °C samples.

FIG. 9. Polar Kerr rotation spectra of the samples grown at different

temperatures.

Downloaded 12 Apr 2006 to 161.111.235.145. Redistribution subject to
observed in FePd systems at high deposition temperature. We
attribute the observed PMA to the V interdiffusion into the
FePd layer and the formation of a FeV alloy. Although in this
case PMA is obtained at similar temperatures as in regular
FePd alloys, this approximation, i.e., FePd–FeV mixed sys-
tems, can open alternative ways to obtain high anisotropy
systems at lower temperatures and with lower chemical or-
der.
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