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In tetragonally distorted Fe,_,Co, alloy films grown epitaxially on Pd(001), Ir(001), and Rh(001) substrates,
a strong uniaxial anisotropy and an easy-magnetization axis perpendicular to the film plane are observed. The
strongest perpendicular anisotropy is achieved when the Fe( sCoy 5 films are grown on Rh(001) (¢/a=1.24) and
it systematically decreases for Ir(001) (c¢/a=1.18) and Pd(001) (¢/a=1.13) substrates in agreement with the
theoretical predictions. For the Fe;_,Co, films grown on Rh(001) the easy-magnetization axis remains perpen-
dicular up to 15 ML in a broad composition range even at room temperature, which is different from the
Fe,_,Co, films grown on Pd(001) showing a perpendicular easy-magnetization axis only for x=0.5 and only at
low temperature. By growing a pseudomorphic buffer layer of Pd on Rh(001) it is shown that the substrate
lattice constant and the resulting film distortion are the factors which are decisive for the uniaxial magnetic
anisotropy of the Fe;_,Co, films of the same composition.
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I. INTRODUCTION

The microscopic origin of and the possibility to manipu-
late magnetic anisotropy have been of interest for a long
time.'=3 Especially, the perpendicular magnetic anisotropy
(PMA), which can be sufficiently strong to result
in an easy-magnetization axis perpendicular to the film (or
multilayer) plane, has been investigated. A variety of appli-
cations for magnetic field sensors, magnetic recording,
hybrid semiconductor spin electronics, and magneto-optical
devices are discussed in literature.*~® After numerous experi-
mental and theoretical studies, a general understanding of
PMA has been achieved. Theoretical studies indicate the im-
portant role of the band structure in achieving PMA. In gen-
eral, an increase in the anisotropy can be expected when the
energy separation of the electronic states, one located below
and the other above the Fermi level (Ej), will be reduced.’
Such situation can occur only for a special symmetry and an
appropriate position of Ey, which explains why PMA appears
only in a limited combination of metals and a particular crys-
tal orientation. For example, the easy-magnetization axis per-
pendicular to the sample plane was achieved in multilayer
structures such as Co/Pd(111) and Co/Pt(111).3-11

The concept to achieve a strong PMA in relatively thick
3d metal films refers to the lattice distortion which can result
in electronic states located near the Fermi level.'”> A model
system is provided by Fe;_,Co, alloy films of cubic structure
tetragonally distorted due to their pseudomorphic growth on
mismatching substrates. The model predicts a strong uniaxial
magnetic anisotropy for a tetragonal distortion with c/a
close to 1.22 and E which needs to be adjusted to the value
ensuring a minimum distance between the occupied and un-
occupied states.'? Since the composition of Fe,_,Co, alloys
determines the number of valence electrons, E can be varied
by a varying the film composition.

The aim of this study is to show that a strong magnetic
perpendicular anisotropy in Fe;_,Co,(001) films can be
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achieved through an appropriate tetragonal distortion of the
film structure. This tetragonal distortion is realized by grow-
ing the Fe;_,Co, films on mismatching substrates such as
Pd(001), Ir(001), and Rh(001). As their in-plane lattice con-
stants are larger than that of Fe and Co, the lattice of the
Fe,_,Co, overlayer has to expand in-plane for pseudomor-
phic growth. To keep the atomic volume constant, the fcc
film contracts in the direction of the ¢ axis, which leads to a
c/a ratio less than \2, i.e., the value expected for a perfectly
cubic fcc structure. A variation in the uniaxial anisotropy
within the Pd, Ir, and Rh sequence is observed. In order to
exclude any influence of the interface electronic hybridiza-
tion, a buffer layer of the same material (Pd) was grown
pseudomorphically on Rh substrate.

II. EXPERIMENT

The experiments were performed in a multichamber ultra-
high vacuum system with a pressure below 2 X 107'° mbar
during Fe and Co deposition. Pd(001) and Rh(001) substrates
were prepared with cycles of 1 keV Ar-ion sputtering and
subsequent annealing at 900 K. A more complex procedure
was applied for the Ir(001) single crystal.'>!# The crystal
was cleaned by Ar*-ion bombardment (ion energy: 2 keV)
and subsequent annealing at 1500 K for 10 s. The clean
surface was characterized by a quasihexagonal (5 X 1)Hex
reconstruction, as identified by low-energy electron diffrac-
tion (LEED). The Ir(001)-(5 X 1)Hex substrate was then an-
nealed in O, at 1400 K for 10 s until an oxygen terminated
Ir(001)-(2 X 1)-O reconstruction was observed in LEED. The
Ir(001)-(1 X 1) surface was finally obtained by subsequently
exposing the Ir(001)-(2 X 1)-O layer to H, at 400 K. This
preparation resulted in a Ir(001)-(1 X 1) surface, as checked
by LEED, and this surface was used as a template for epi-
taxial growth of the Fe,_,Co, layers.

The quality of the crystal surfaces was checked by Auger
electron spectroscopy (AES) and by scanning tunneling mi-
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croscopy (STM) until a clean surface with nearly equidistant
and parallel monoatomic steps was obtained. The Fe-Co
films were grown at room temperature (RT) by molecular
beam epitaxy from the effusion cells. The Pd and Rh buffer
layers were grown from rods of high purity by electron bom-
bardment. LEED was used to quantitatively assess the
pseudomorphic growth, and STM to verify the film topology,
in particular, for Pd buffer layers grown on Rh(001).

Magnetic properties were probed by utilizing the in situ
magneto-optical Kerr effect (MOKE) for a 1.85 eV photon
energy of s-polarized light, a beam diameter <0.4 mm,
mostly in polar geometry (incidence angle of 69° to the
sample normal) at varying temperature (down to 5 K) and
the external magnetic field up to 0.7 T.

III. RESULTS AND DISCUSSION

In order to analyze the uniaxial magnetic anisotropy in
tetragonally distorted Fe;_,Co, films systematically, we have
chosen to grow the films on a (001) surface of three different
crystals: Rh, Ir, and Pd. The in-plane lattice constant of the
crystals increases in the following sequence: Rh (2.69 A), Ir
(2.72 A), and Pd (2.75 A).

A. Anisotropy vs lattice constant

Fe,_,Co, films were grown on a Rh(001) substrate at RT.
To quantitatively assess the amount of tetragonal distortion,
both diffraction intensity vs electron energy analysis [I(V)-
LEED] and Kikuchi patterns of quasielastically backscat-
tered electrons were performed. We observed almost perfect
pseudomorphic epitaxial growth up to a thickness of at least
12 ML depending on the film composition, with a c¢/a ratio
around 1.24.13

We found that Fe;_,Co,, 0.3<<x<<0.65, alloy films grown
on Rh(001) show a clear out-of-plane easy axis of magneti-
zation at RT, i.e., rectangular polar MOKE loops were mea-
sured up to a thickness of d.=15 ML (Fig. 1). Since pure Fe
and Co films grown on Rh(001) are spontaneously magne-
tized in plane independently of their thickness,'®~!8 it is rea-
sonable to assume that both the surface and the Fe-Co/Rh
interface effects do not contribute significantly to the perpen-
dicular anisotropy, e.g. of the FeysCo,s/Rh(001) system.
Thus we interpret the perpendicular easy-magnetization axis
as a result of a strong magnetocrystalline anisotropy which is
directly related to the tetragonal distortion. A clear perpen-
dicular easy-magnetization axis is observed up to 390 K i.e.,
the maximum temperature applied by us. The uniaxial mag-
netic anisotropy is much stronger than the shape anisotropy
of the Fe,;Cojs film, thus the easy-magnetization axis is
well defined and not sensitive to increasing temperature.

Previously, a different behavior was observed for
Fe,_,Co, films grown on Pd(001).'” For this system the te-
tragonal distortion c/a is equal to 1.13, i.e. much less than
the c/a=1.24 obtained for films of the same composition and
thickness but grown on Rh(001). We found that the uniaxial
anisotropy of Fe( sCo, 5 films on Pd(001) is of the same order
as the shape anisotropy, resulting in a small but positive ef-
fective anisotropy energy, i.e., forcing the easy-
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FIG. 1. Polar hysteresis loops measured at RT for Fey4Cog¢
films of varying thickness grown on Rh(001). The loops are rectan-
gular up to a thickness of 15 ML

magnetization axis to be oriented perpendicular to the film
plane. Interestingly enough, the perpendicular easy-
magnetization axis was detected only for compositions
around x=0.5 and only at low temperatures (LT).!° The sur-
face anisotropy was found to be negative in this case, i.e.,
forcing the magnetization to be oriented in the sample plane.
Thus a positive effective anisotropy (i.e., an easy-
magnetization axis perpendicular to the sample plane) was
observed above a thickness of 4 ML only. To us this finding
is plausible since the tetragonal distortion of Fe( sCo 5 films
grown on Pd(001) is on the order of ¢/a=1.13 for which the
uniaxial anisotropy is predicted to be much smaller than for
films of the same composition grown on Rh(001) (i.e., of
cla=1.24).12

In order to make the analysis more complete, we per-
formed a MOKE experiment with Fe,_.Co, films grown
on Ir(001) [c/a=1.18 (Ref. 20)]. Similarly to Pd(001)"
and Rh(001)" the measurements revealed that the easy-
magnetization axis is in plane for Fe and Co layers on
Ir(001), at least above a thickness of 5 ML.!*?! For Fe,_,Co,
around an x=0.5 composition, the easy-magnetization axis is
found perpendicular to the sample plane even at RT. The
effective anisotropy for a Fey5Coys film grown on Ir(001),
i.e., less distorted (¢/a=1.18) than films of the same compo-
sition grown on Pd(001) (c/a=1.13), is expected to be
larger.!” The polar Kerr ellipticity loops measured for 9- and
15-ML-thick films of Fe,sCoq s on an Ir(001) substrate at RT
(Fig. 2) clearly prove these findings. The loops are rectangu-
lar and show a 100% magnetization in remanence both at RT
and at LT, which confirms that the easy-magnetization axis is
oriented perpendicular to the film plane. Only when the
thickness exceeds 15 ML, e.g., for 18 ML as shown in Fig. 2,
the loops identify the easy-magnetization axis as switching
to the sample plane. Fe,_,Co, films grown on Ir(001) show
the properties somewhere in between the properties observed
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FIG. 2. Polar hysteresis loops measured at RT for Fe(sCo s
films of varying thickness grown on Ir(001).

for Fe,_,Co, films grown on Pd(001) and those grown on a
Rh(001) substrate.

It is worthwhile to mention that Fe, ;Cog 5 films grown on
Rh(001), Ir(001), and Pd(001) show an easy-magnetization
axis perpendicular to the sample plane up to almost the same
thickness (of about 15 ML) in all three cases. However, the
films grown on Pd(001) exhibit a perpendicular magnetiza-
tion only at LT. The thickness up to which the easy-
magnetization axis is kept perpendicular to the film plane is
not directly related to the strength of the anisotropy. In prin-
ciple, the perpendicular magnetocrystalline anisotropy, being
larger than the shape anisotropy, is sufficient to keep the
easy-magnetization axis perpendicular to the film indepen-
dently of the film thickness. The thickness at which the mag-
netization starts to rotate toward the film plane (d,) is mainly
determined by the thickness up to which the tetragonal dis-
tortion (d,) is kept. Above d, the distortion starts to relax, the
configuration of the crystal field changes and the strong
uniaxial anisotropy disappears. However, the thickness range
necessary to balance the perpendicular magnetocrystalline
anisotropy with the shape anisotropy, d.—d,, depends on the
strength of the perpendicular anisotropy. Thus some compo-
sition dependence of d.. can be observed.'>??

Fe,_,Co, films were also grown on Pt(001).> However,
here the perpendicular anisotropy was not strong enough to
over-ride dipolar interactions and to result in a perpendicular
easy-magnetization axis at RT. Differently to our films, the
multilayer was grown with Fe( sCo, 5 having a film thickness
of only 3 ML repeated for many times within the
Fe, 5Cog 5/ Pt sequence.

B. Anisotropy vs temperature

The volume magnetocrystalline anisotropy for Fe,sCo 5
films on Pd(001) is found to be strongly temperature depen-
dent. As it is shown in Fig. 3, the polar Kerr ellipticity loops
measured at 5 and 50 K are rectangular showing 100% satu-

PHYSICAL REVIEW B 80, 064415 (2009)

04 —_at5K

—at50 K
|—at100 K
0l—at150 K

Kerr ellipticity (mrad)
o
o

400 0 100
Magnetic field (mT)
FIG. 3. (Color) Polar hysteresis loops for 6 ML of Fe;_,Co, on
Pd(001) at different temperatures. The rectangular easy-axis-like

loop measured at 5 K evolves to the hard-axis-like loop when mea-
sured above 100 K (i.e., the SRT occurs between 50 and 100 K).

ration magnetization in remanence. The loops measured at
100 K and above show a nonrectangular hard-axis-like shape
and zero magnetization in remanence when measured at 150
K. This means that the temperature-driven spin reorientation
transition (SRT) occurs at a temperature range between 50
and 100 K. Moreover, it also confirms that the uniaxial/
perpendicular magnetocrystalline anisotropy is only a little
larger than the shape anisotropy and can thus be easily over-
ridden by a slightly increasing temperature.

Unlike the films grown on Pd(001) the Fe,_.Co, films
grown on Rh(001) do not show any temperature dependence
of the anisotropy resulting in SRT. This is due to the much
stronger magnetocrystalline uniaxial anisotropy of Fe;_,Co,
films when grown on a Rh(001) substrate. The reason is that
here the in-plane lattice constant of Fe;_.Co, films is less
expanded. Thus, the interlayer distance contracts less to keep
the volume unchanged, and a much larger c¢/a ratio of 1.24 is
finally achieved."> The increasing temperature affects the
magnetocrystalline anisotropy which is thereby smaller, but
still much larger than the shape anisotropy.

The situation is shown schematically in Fig. 4, in which
we plot the uniaxial anisotropy energy, K,, with reference to
the dipolar (shape) anisotropy. The composition dependen-

Keff = Ku ¥ Kdip
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h(001)

| Kdip |

A\WL!
\ on Fd(001)

Uniaxial anisotropy energy, K,
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0 1
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FIG. 4. (Color) Schematic representation of the effective aniso-
tropy with respect to the shape anisotropy energy for Fe;_,Co, films
grown on Pd(001) and Rh(001). Solid lines correspond to the an-
isotropy energy balance at LT (60 K), dotted lines at RT. The figure
explains why the increasing temperature has almost no effect on the
easy-magnetization axis for Fe;_,Co, films grown on Rh(001),
whereas it results in SRT for Fej 5Cog 5 film grown on Pd(001).
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cies of K, show only a general trend following the depen-
dencies precisely given in Ref. 12. The values above |Kd,-p|
refer to the positive effective anisotropy constant and result-
ing easy magnetization axis perpendicular to the film plane,
whereas the values below |K ;| refer to the in-plane magne-
tization. The anisotropy energy is plotted vs. the film com-
position at two different temperatures (RT and LT) for both
systems, i.e., for Fe,_,Co, films grown on Pd(001) and
Rh(001). From the diagram it can be easily understood how
and why the easy-magnetization axis depends both on tem-
perature and film composition. By assuming qualitatively the
same dependence of K, on the composition at RT and LT, it
can be seen immediately that a tiny reduction in K, results in
a negative volume anisotropy for the Fe,_,Co,/Pd(001) sys-
tem independently of the film composition (Fig. 4) and the
film thickness.?"

In the case of distorted films grown on mismatching sub-
strates, the crystallographic distortion (responsible for the
uniaxial magnetocrystalline anisotropy) can be thickness de-
pendent. Obviously, the effective anisotropy changes as the
thickness of the film structure relaxes (at d,), and the uniaxial
magnetic anisotropy becomes weaker than the shape aniso-
tropy (at d..). Since the anisotropy is temperature dependent
(this is simply because the ferromagnetic order is tempera-
ture dependent), the increasing temperature reduces the
uniaxial anisotropy. But it has almost no influence on the
easy-magnetization axis of the Fej;Coqs films grown on
Rh(001), because the uniaxial magnetic anisotropy is much
larger in this case than the shape anisotropy. For Fe;sCo 5
films grown on Pd(001), the effective anisotropy is small,
i.e., the uniaxial magnetocrystalline is only a little larger than
the shape anisotropy, yet still positive—at least at LT. The
anisotropy changes only a little with increasing temperature,
however, the change is sufficient to result in a negative ef-
fective anisotropy (the uniaxial magnetocrystalline aniso-
tropy becomes smaller than the shape anisotropy as it is usu-
ally observed for most ultrathin films).

In summary, at RT Fe( 5Coy 5 films grown on Rh(001) are
spontaneously magnetized perpendicular to the sample plane,
whereas films of the same composition grown on Pd(001) are
magnetized in the sample plane. We attribute this different
magnetic anisotropy to the different tetragonal distortion of
the Fe;_,Co, overlayers due to the different in-plane lattice
constant of the Rh(001) and Pd(001) substrates. Conversely,
we argue that the magnetic anisotropy for films of the same
composition depends only on the lattice constant of the sub-
strate (which, however, must allow the Fe,_,Co, film to grow
pseudomorphically to the substrate). This is also in agree-
ment with theoretical predictions.!?

C. Anisotropy with a buffer layer

In order to exclude any influence of the substrate’s elec-
tronic structure on the anisotropy of the overlayer, we have
grown a FesCo,s film on a buffer layer of Pd a few ML
thick on top of the Rh(001) substrate. The idea was to grow
the Fe( sCo, 5 film on top of a well-ordered single crystalline
layer of a material which is chemically different from Rh but
has exactly the same lattice constant as the Rh(001) sub-
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FIG. 5. (Color) Schematic depiction of the MOKE experiment,
where Fej5Co s films on a Pd buffer layer are grown on Rh(001)
substrate.

strate. Pd was chosen as a buffer layer due to its expected
epitaxial growth on the Rh(001) substrate. Moreover, the
magnetic properties of the Fe,_,Co, films grown on a single
crystalline Pd(001) surface had been well established
previously!® and were easy to compare.

The idea of this experiment is shown schematically in the
Fig. 5: at RT the Fe(5Coq5 films are magnetized in plane
when grown on Pd(001) (the magnetization rotates to the
film normal only at low temperature), whereas they are mag-
netized perpendicular to the film plane when grown on
Rh(001). The films of a different composition, such as x
=0.4, are magnetized in plane when grown on Pd(001), and
perpendicular to the film plane when grown on Rh(001), in-
dependently of temperature. When the Fe;_,Co, film is
grown on top of the Pd buffer layer, its magnetic properties
should reflect the origin of the perpendicular anisotropy: ei-
ther the electronic structure of the substrate (i.e., of Pd) or a
tetragonal distortion due to the mismatching lattice constant
(i.e., that of Rh). As a result, the easy-magnetization axis
should be oriented in plane or perpendicular to the sample
plane, respectively.

In Fig. 6 we show STM images of Pd films grown at RT
on the Rh(001) substrate. It can be clearly seen that at RT the
growth is almost perfect layer by layer. The second and all
other atomic layers do not start to form before the previous
layer is not complete. This is confirmed by the thickness
profile taken along the line indicated in the STM image of
4.4 ML of Pd. The free surface energy of Pd is 2.1 J/cm?
and smaller than the free surface energy of Rh of
2.75 J/em?, ie., Ypg< Ygn.2* Thus, from a thermodynamical
perspective the layer-by-layer growth is not a surprise. Such
growth supports pseudomorphism and the growing layer can
keep the in-plane lattice constant of the substrate up to a
thickness of several monolayers.?

The LEED pattern shows (Fig. 7) the spots exactly at the
same positions as for the clean Rh(001) substrate, which
proves that the lattice constant of the Pd buffer is identical to
the lattice constant of Rh(001). It proves the almost ideal
pseudomorphic growth of Pd on Rh(001) at least up to 5 ML.
AES experiments utilizing the low-energy Auger electrons
confirm that Pd-Rh alloying does not exist—at least above
the AES detection limit. Thus the Pd buffer layer can be
considered to consist of Pd atoms separated in plane with the
lattice constant of Rh.
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FIG. 6. (Color) STM images of Pd layers of different thickness
grown at RT on Rh(001). The line profile is taken as indicated in the
STM image for the coverage of 4.4 ML. Almost perfect layer-by-
layer growth allows the formation of a continuous and uniformly
thick Pd film of a few ML.

Finally, Fe; sCo, 5 films were grown on top of such a Pd
buffer layer. The deposition was performed at RT and the
thickness of the film varied between 6 to 15 ML. The mode
of growth was not found to be remarkably different from the
growth of the Fe,_.Co, films of the same composition di-
rectly on the Rh(001) substrate (see Sec. III A). Polar Kerr
ellipticity loops measured for the FejsCoys/Pd/Rh(001)
system at RT are shown in Fig. 8. The loops are typical
easy-axis loops, being rectangular and showing 100% satu-
ration magnetization in remanence up to 9 ML, which corre-
spond clearly to the easy-magnetization axis perpendicular to
the film plane. The hysteresis loops of the Fe(<Co s films
grown on top of Pd/Rh(001) are exactly the same as the
loops measured for the Fe( sCog 5 films grown directly on the
Rh(001) substrate. The same applies for films with a compo-
sition varying between x=0.4 and 0.6. Yet the loops totally
differ from the hard-axis loops measured at RT for the

Rh(001) 6ML Pd on Rh(001)

CTI CTI

FIG. 7. LEED patterns of (a) the clean Rh(001) substrate and (b)
after 6 ML of Pd are grown on top of Rh(001). The patterns are
identical in both cases. This confirms the epitaxial growth of the Pd
layer pseudomorphic to the Rh(001) substrate.
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FIG. 8. (Color) Polar Kerr ellipticity loops measured at RT for
FeysCoy s films of varying thickness grown on Pd buffer/Rh(001).
The films are magnetized out of plane just like the Fe, sCoy 5 films
grown directly on Rh(001). The easy-magnetization axis perpen-
dicular to the film plane is maintained to a thickness of at least 12
ML.

Fe( sCo, 5 films grown on Pd(001).!° Even the thickness d.
up to which the perpendicular easy magnetization can be
kept seems to be more or less identical (around 12 ML) to
the one for Fey 5Co, 5 films grown on Rh(001). Taking the d,.
thickness as a measure of tetragonal distortion, we can con-
clude that the distortion for Fe,sCoq 5 films grown both on
Pd/Rh(001) and on Rh(001) is very similar.

Another phenomenon relates to the shape and the in-
creased coercivity of the polar Kerr ellipticity loop measured
for a FeysCoys film 12 ML thick. The loop is no longer
rectangular, however, the remanence still equals 100% of the
saturation magnetization, and the magnetization starts to re-
orient almost at the same field. A very similar observation
was made for Fe,_,Co, films of the same composition (i.e.,
x=0.5) grown directly on Rh(001) (compare to Fig. 1). This
is most likely due to the different anisotropy energy balance
which determines the magnetization switching in the films
above the thickness up to which the uniaxial anisotropy
dominates. With a decreasing perpendicular anisotropy, the
shape anisotropy forces the magnetization to be oriented in
the sample plane. Thus more field needs to be applied per-
pendicular to the sample plane to fully switch and saturate
the magnetization.?® The field which is necessary to saturate
the sample is much larger (around 100 mT) than the coerciv-
ity (and the saturation field) of the Fe,sCoqs films thinner
than 10 ML (around 5 mT).

A reversed system, i.e., a Rh buffer layer on Pd(001),
cannot be grown and tested since Rh does not grow layer by
layer. STM images show a three-dimensional growth even at
low coverage. This is not surprising even from the thermo-
dynamical point of view since the surface energy of Rh is
larger than that of Pd (g, > vpq)->* Moreover, the LEED
pattern is not visible before a thickness of at least 7 ML is
reached (the maximum thickness of the Rh buffer layer we
tested), and an epitaxial growth of the Rh buffer layer on the
Pd(001) substrate cannot be confirmed.

The result of the MOKE experiment on the Fe, ;Co, 5/Pd
buffer/Rh(001) confirms that the strong perpendicular aniso-
tropy of Fej;sCoqs films originates from their appropriate
tetragonal distortion. From the reported experiments, mag-
netic anisotropy in Fe;_,Co, films of the same composition
(the same x) can be concluded that there exists only a depen-
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dence on the ¢/a ratio, i.e., on how much the film structure is
tetragonally distorted. In turn, the distortion is directly re-
lated to the lattice mismatch between the material of the film
and the substrate. The tetragonal distortion obtained for
Fe sCogs films grown on Rh(001) is the most appropriate
among the tested substrates in order to get a maximum per-
pendicular anisotropy. In general, it can be stated that the
largest uniaxial magnetic anisotropy can be obtained by
growing Fe(sCo s films on fcc substrates of the Rh lattice
constant. In particular, it can be a pseudomorphic buffer
layer of any material epitaxially grown on the Rh(001) sub-
strate since the property which matters is the in-plane lattice
constant. In particular, when Pd is grown as a pseudomorphic
buffer layer on the mismatching Rh(001) substrate, its lattice
constant relates to the lattice constant of the Rh substrate
(and not of Pd). Consequently, the achieved uniaxial aniso-
tropy has nothing to do with the anisotropy expected for
Fe,_,Co, film grown on a Pd(001) substrate, and reflects
what is expected for films grown on Rh(001). This is in
agreement with theoretical calculations predicting the largest
uniaxial anisotropy for a film of such composition to be
about x=0.5 and a distortion similar to that observed experi-
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mentally for Fe,_,Co, films grown on Rh(001).'2

D. Conclusions

An appropriate tetragonal distortion and a proper adjust-
ment of the Fermi level result in a strong uniaxial anisotropy
in Fe(, sCo, 5 films grown on Rh(001). An easy-magnetization
axis perpendicular to the film plane is kept up to the thick-
ness of 15 ML due to the distortion (c/a=1.24), which is
unrelaxed up to more than 12 ML. The uniaxial magnetic
anisotropy is systematically weaker for Ir(001) (c/a=1.18)
and Pd(001) (c/a=1.13) substrates and systematically de-
pends on the decreasing lattice mismatch between the film
and the substrate. By growing Fe( sCo s films on buffer lay-
ers of Pd on Rh(001), it is shown that the lattice constant of
the substrate (and resulting film distortion) is the decisive
factor for the uniaxial magnetic anisotropy.
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