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The uniaxial magnetic anisotropy energysMAEd of L10 FePt and Fe1−xMnxPt, x=0−0.25, was studied from
first principles using two fully relativistic computational methods, the full-potential linear muffin-tin orbitals
method and the exact muffin-tin orbitals method. It was found that the large MAE of 2.8 meV/f.u. is caused by
a delicate interaction between the Fe and Pt atoms, where the large spin-orbit coupling of the Pt site and the
hybridization between Fe 3d and Pt 5d states is crucial. The effect of random order on the MAE was modeled
by mutual alloying of the sublattices within the coherent potential approximationsCPAd, and a strong depen-
dence of the MAE on the degree of chemical long-range order was found. The alloying of FePt with Mn was
investigated with the virtual crystal approximation and the CPA as well as supercell calculations. The MAE
increases up to 33% within the concentration range studied here, an effect that is attributed to band filling.
Furthermore, the dependence of the MAE on the structural properties was studied.
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I. INTRODUCTION

The interest in chemically ordered FePt stems from the
large uniaxial magnetic anisotropy energysMAEd, of the or-
der of meV/ formula unitsf.u.d, and a high Kerr rotation,
making it a possible candidate for ultrahigh density magnetic
and magneto-optical recording media.1 Recently, FePt has
been proposed as a building block of nanocomposite
magnets.2–6

Chemically ordered FePt crystallizes in the L10 structure.
It can be viewed as alternating atomic layers of Fe and Pt
stacked along thef001g direction sc axisd, which is also the
magnetic easy axis. The chemically ordered phase can be
prepared by annealing from the random state, or—as a thin
film—by deposition at substrate temperatures above the L10
ordering temperature.7–12 In a thin film, the orientation of the
magnetic easy axis relative to the film plane is controlled by
the substrate surface.9 In that way, perpendicular magnetic
anisotropysPMAd can be obtained, which is desirable for
magneto-optical recording applications.

Chemically ordered FePt and related compounds have
been studied experimentally and theoretically by numerous
authors. The purpose of this report is to investigate the MAE
of FePt and its alloys with Mn. The focus is on the physical
origin of the large MAE that is observed in FePt and its
dependence on compositional order as well as structural
properties, such as thec/a ratio. Several computational
schemes have been used for these purposes.

The calculation of the MAE of the ferromagnetic transi-
tion metals and their compounds from first principles is not a
trivial task. In the case of bcc Fe and fcc/hcp Co, e.g., the
correct easy axes of magnetization are obtained—though un-
derestimated in size—but not for fcc Ni.13 For systems with
a larger MAE, e.g., hcp Gd, and thin films and multilayers,
the description is more successful.14–20 In order to resolve
the tiny energy differences of a material with the magnetiza-
tion aligned in different directions, the integration in recip-

rocal space has to be performed with care. Apart from the
convergence of the MAE with respect to the number ofk
points in the Brillouin zonesBZd, the details of the summa-
tion that is performed to obtain the band energy are of great
importance, as different methods yield quantitatively differ-
ent values for the MAE.14,15 Furthermore, the choice of the
approximation to the exchange correlation potential some-
times has a profound influence on the calculated MAE. Up to
now it is not clear whether the local density approximation
sLDA d or the generalized gradient approximationsGGAd
should be used. According to Jansen21 the incomplete de-
scription of the MAE is due to many-body correlations that
are neglected in the LDA and GGA. Attempts have been
made to include these effects that—apart from the spin-orbit
coupling—give rise to enhanced orbital moments, into the
density-functional theory. One scheme that has been pro-
posed, the orbital polarizationsOPd correction,22 successfully
describes the orbital moments of the ferromagnetic transition
metals and their alloys.13,23–25The MAE, however, is usually
overestimated in comparison to experiment.13,19 In the case
of FePt, the OP was found to have a negligible effect on the
MAE.17,26 A second route to recover the effect of the ne-
glected many-body correlations is the LDA+U method.27 In
these calculations an additional parametersor two, in the
case of a binary alloy such as FePtd, the so-called Hubbard
U, is chosen to reproduce experimental results. It should be
noted that the LDA reproduces the ground-state properties of
elemental Pt as well as Pt-based compounds and alloys with
good accuracy, and the use of an LDA+U approach with a
finite U for the Pt site is difficult to motivate.

In the following the MAE is defined, in terms of the con-
ventional L10 unit cell, asDE;E100−E001, whereE100 and
E001 are the total energies with the magnetization in thef100g
andf001g directions, respectively. Thus, the MAE is defined
to be positive if the easy axis is along thec axis.
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II. COMPUTATIONAL DETAILS

Two different computational methods were used for the
calculations presented here. Most of the calculations were
done with a fully relativistic implementation of the full-
potential linear muffin-tin orbitalssFP-LMTOd method.28–30

The crystal is divided into nonoverlapping muffin-tin spheres
centered around the atomic sites, with an interstitial region in
between. For the expansion of the electron density and the
potential inside the muffin-tins, spherical harmonics times a
radial component are used. In the interstitial region the ex-
pansion makes use of a Fourier series. The basis functions
are Bloch sums of Neumann and Hankel functions in the
interstitial region that are augmented by a numerical basis
function inside the muffin-tin spheres. The scalar-relativistic
corrections were included in the calculation of the radial ba-
sis functions inside the muffin-tin spheres, whereas the spin-
orbit coupling was included at the variational step, as de-
scribed below.28 A so-called double basis was used to ensure
a well-converged wave function, i.e., two interstitial basis
functions with different tail energies were used, each at-
tached to its ownsn,,d radial function.

The MAE was evaluated from the force theorem, i.e., as
the difference of the eigenvalue sums for the two magnetiza-
tion directions.31,32 First, the electron density was calculated
self-consistently with a scalar-relativistic Hamiltonian, using
the point-group symmetries that are common to both magne-
tization directions. Then, in a subsequent step, the eigenval-
ues were obtained by a single diagonalization for each mag-
netization direction, using the fully relativistic Hamiltonian
and the scalar-relativistic self-consistent potential. To test the
applicability of the force theorem in the present case, the
MAE of FePt was calculated from total energies as well and
was found to deviate by only 2.5% from the force theorem
result.

For the calculation of the band energy two different meth-
ods were used. Most of the discussion in the remainder fo-
cuses on the results that were obtained with the modified
tetrahedron methodsMTM d,33 using 3.23104 k points in the
full Brillouin zone for L10 FePt, and correspondingly smaller
amounts for the larger supercells that were used in the cal-
culations ofsFe,MndPt alloys. The advantage of the MTM is
that it is exact in the limit of an infinite number ofk points.
For comparison, the BZ integration was performed with the
special points method34,35 as well, applying a Gaussian
smearing to the eigenvalues close to the Fermi energy. The
Gaussian broadening methodsGBMd has been widely used
for MAE calculations recently, but suffers from the fact that
it might smear out details of the Fermi surface and yield a
less accurate Fermi energy,36 which may lead to an inaccu-
rate MAE.14 Its accuracy can be improved by using higher-
order terms in the expansion of thed function in Hermite
polynomials36 or correction terms.37

For the calculations of thesFe,MndPt alloys in the FP-
LMTO method the virtual crystal approximationsVCAd was
employed. In the VCA a binary alloy, in this case Fe and Mn,
is modeled by a single atom with an effective atomic number
Z=s1−xd ·ZFe+x·ZMn, whereZFe=26 andZMn=25, respec-
tively. The VCA is expected to work well in the present case
of a disordered alloy with constituents that have similar va-
lence configurations.

In order to test the applicability of the VCA a fully rela-
tivistic implementation of the exact muffin-tin method
sEMTOd was used.38 It is a generalization of the Green’s-
function EMTO technique39 for fully relativistic calculations.
The spin-orbit coupling is treated in a nonperturbative way
using a four-component Dirac equation. The EMTO calcula-
tions of thesFe,MndPt alloys were done with the coherent
potential approximationsCPAd, where the Mn atoms were
assumed to be randomly distributed on the Fe sublattice, the
situation that is encountered at experimental conditions.40

The BZ integration was performed using a special point tech-
nique with about 2.53104 k points in the full BZ and a
Fermi-Dirac smearing. A Gaussian mesh of 16 energy points
on a semicircle comprising the valence states was used for
taking the energy integrals. For the EMTO method the MAE
was calculated from total energies.

For the exchange-correlation potential the LDA was em-
ployed for most calculations. For comparison, the MAE of
FePt was calculated with the GGA as well, and it was found
to be 5% smaller compared to the LDA result. The OP cor-
rection was not applied, as its effect on the MAE of FePt is
negligible.17,26

Different values for the equilibrium volume and thec/a
ratio of L10 FePt have been published. The structure com-
piled by Villars,41 a=3.861 Å andc/a=0.981 is the one
most commonly used by other authors and was adopted here
in order to facilitate comparison with previous theoretical
studies.

III. RESULTS AND DISCUSSION

A. Brillouin zone integration

As the calculated MAE of many materials is crucially
dependent on the details of the BZ integration, a closer look
at the convergence of the MAE with respect to the number of
k points, and the effect of different BZ integration techniques
on the MAE, is needed. In Fig. 1 the uniaxial MAE of FePt,
calculated in the experimental crystal structure, is shown for
differentk point sets and, for the FP-LMTO calculations, the
two BZ integration techniques discussed in Sec. II. The cal-
culations were done using the LDA for the exchange-
correlation potential. For the GBM, two different smearing
widths were used, 10 and 20 mRy. The simple Gaussian that
is frequently used corresponds to the lowest-order term of an
expansion of thed function in Hermite polynomials.36 Re-
taining higher-order terms is a possible route to improve on
the accuracy, and the number of terms in the expansionN
emerges as an additional convergence parameter. We used
N=0, 1, and 2, whereN=0 corresponds to a simple Gaussian
smearing. From Fig. 1 it becomes obvious that the details of
the BZ integration have a profound influence on the value of
the calculated MAE. For a smearing of 10 mRy the GBM
yields approximately the same result for the MAE as the
MTM, irrespective of the value ofN. Both methods show a
similar convergence with respect to the number ofk points.
A larger smearing of 20 mRy, on the other hand, results in a
stronger dependence of the MAE on the smearing function.
Using a simple Gaussian smearingsN=0d results in a MAE
that is 17% larger than that obtained from the MTM. For the
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results discussed in the remainder of the present paper the
MTM was used for the FP-LMTO method. For the EMTO
calculations a special point technique with a Fermi-Dirac

smearingsFDSd of 500 K, was usedscf. Fig. 1d. Calculations
with other temperatures in the range 0–800 K gave similar
results within 5%.

B. Compositional disorder

The uniaxial MAE of L10 FePt is usually overestimated
by first-principles calculations, as compared to experimental
studies.7–9,11,12,49,50In Table I the results of previous theoret-
ical studies are compiled. Most of the theoretical values for
the MAE are similar to the one reported here, around
2.6–2.8 meV/f .u. if the LDA is used. The largest experi-
mental values reported in the literature, determined at room
temperature, are 1.2 meV/f .u. for bulk,49 and 1.1 meV/f .u.
for thin films.51 It was suggested that the discrepancy be-
tween the experimentally observed MAE and the theoretical
studies, which amounts to a factor of 2–3, can be attributed
to the absence of a perfect chemical order in the actual
samples, which is assumed in most calculations, and/or the
effect of temperature, as the experimental MAE is often de-
termined at room temperature.47,52 The correlation between
the degree of chemical order and the MAE has been demon-
strated experimentally by several authors.7,8,51 To confirm
this, we performed EMTO CPA calculations for different
degrees of chemical long-range order, such that the FesPtd

FIG. 1. Convergence of the MAE of L10 FePt, calculated with
the FP-LMTO and EMTO methods, with respect to the number ofk
points in the full BZ. For the FP-LMTO method, the MAE was
calculated with different BZ integration techniques.

TABLE I. Calculated MAE of completely chemically ordered L10 FePt from previous theoretical studies.
Abbreviations not appearing in the text: LAPW: linear augmented plane waves, ASW: augmented spherical
waves, KKR: Korringa-Kohn-Rostoker.

Calc. method approximations
BZ

integration c/a
MAE

smeV/f .u .d Ref.

FP-LMTO LDA/GGA MTM 0.981 2.84/2.71 present work

EMTO LDA FDS 500 K 0.981 2.86 present work

FP-LMTO LDA/LDA+OP GBM
10 mRy

0.981 2.73/2.89 Ravindrana

FP-LAPW LDA/LDA+OP/LDA+U GBM
1 mRy

0.98 2.68/2.9/1.3 Shickb

ASW LDA no smearing 0.957 2.75 Oppeneerc

LMTO-ASA LDA LTM 0.96 2.8 Sakumad

LMTO-ASA LDA/LDA+OP LTM 0.96 3.3 Daalderope

FP-LMTO LDA/GGA GBM
7 mRy

0.981 3.90/4.09 Galanakisf

KKR 0.981 1.8 Stauntong

KKR 0.981 4.3 Ostaninh

Real-space
Green’s-function
technique

0.96 2.26 Solovyevi

aReference 26
bReference 42
cReference 43
dReference 44
eReference 17
fReference 45
gReference 46
hReference 47
iReference 48
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sublattice is occupied by an FehPt1−hsPthFe1−hd alloy, i.e.,
h=1 corresponds to complete order andh=0.5 to the ran-
dom state. The long-range order parameterS, that can be
determined experimentally, is related to the sublattice alloy
concentrationh by S=2h−1.8–10,53,54The dependence of the
calculated MAE onS is shown in Fig. 2. It can be seen that
the MAE is strongly dependent on the degree of chem-
ical order. Even for highly ordered alloys, e.g.,
S=0.9,8–10,53,54—most of the experimental studies report or-
der parameters,0.9—the MAE decreases in the calculations
by 15–20%. Our findings are in agreement with those by
Ostaninet al.47 who concluded that the large MAE is mainly
caused by the chemical order and that the tetragonal distor-
tion of the fcc lattice plays only a minor role. Note that the
volume and thec/a ratio were kept constant in these calcu-
lations. For the L10-ordered phase, the dependence of the
MAE on the c/a ratio is discussed in Sec. III F. For com-
parison, the experimental result for the MAE of 140 Å thick
FePt films8 at 10 K is included in Fig. 2. Even if the quan-
titative agreement between the calculated and the measured
MAE is far from satisfactory it becomes apparent that ran-
domness has to be taken into account, in order to achieve a
complete description of the MAE in first-principles calcula-
tions. The dependence of the MAE on the degree of chemical
order was just recently studied by Stauntonet al.46 who ob-
tain a qualitatively similar behavior, albeit with a smaller
absolute value of the MAE that is in quantitative agreement
with experiment.

C. Type-resolved MAE of FePt

To clarify the origin of the large MAE that is observed in
L10 FePt we estimated the contribution from the different
atomic typest to the total MAE

DE = o
t=Fe,Pt

DEt. s1d

Following Ref. 55,DEt can be approximated as

DEt < Ft
001sĒFd − Ft

100sĒFd, s2d

whereĒF is the average Fermi energy of the two magnetiza-
tion directionss, andFt

ssEd can be calculated from the type-
projected number of statesNt

ssEd

Ft
ssEd =E

−`

E

Nt
ssedde. s3d

The result of this calculation, shown in Fig. 3, is that about
70% of the total MAE originates from the Fe atom. It should
be noted that the value obtained from Eqs.s1d–s3d is in
agreement with the MAE quoted in Table I, which was cal-
culated from

DE =E
−`

EF
100

eD100sedde −E
−`

EF
001

eD001sedde, s4d

whereDs is the density of states with the spin aligned along
s. The microscopic origin of the large MAE, however, can
be attributed to the strong spin-orbit interaction of Pt in com-
bination with hybridization between the Fe 3d and Pt 5d
states. A calculation of the MAE of FePt with the spin-orbit
coupling on the Pt site switched off yields a value of
0.41 meV/f .u., i.e., only 14% of the MAE calculated with
the spin-orbit interaction included for both types of atoms.
This conclusion is in agreement with a perturbation treat-
ment of the orbital moment anisotropysOMAd,48,56 which is
connected to the microscopic origin of the MAE.26,57 It was
concluded that, in case of strong hybridization, the OMA can
be enhanced by a strong spin-orbit coupling on ligand
atoms.56

FIG. 2. Dependence of the MAE of FePt on the long-range
order parameterS, calculated with the EMTO CPA method. The
experimental results are from Okamotoet al.,8 at 10 K.

FIG. 3. Total and type-projected MAE of FePt as a function of
the band filling. The closed square is the MAE obtained from the
force theoremsFTd. The position of the Fermi levels for valence
electron states reduced by 0.25 and 0.5 electrons are marked by
triangles. The contribution from the interstitial region is much
smaller and was omitted.
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D. MAE of Fe1−xMn xPt

The approach taken in the previous section allows us to
estimate the dependence of the MAE on small variations of
the actual band filling, both for the type-projected and for the
total MAE. The latter can be calculated by using the total
number of states in Eq.s3d.

The dependence of the total MAE on band filling is
shown in Fig. 3 and is in good agreement with the results by
Sakuma.44 Figure 3 suggests that the MAE can be increased
by alloying FePt with a material that decreases the band fill-
ing. A possible candidate is Mn, which has one electron less
than Fe. The crystallographic structure and the magnetic
phase diagram of L10 Fe1−xMnxPt alloys were investigated
by Menshikovet al. in the whole concentration range.40 In
this alloy with competing exchange interactions, the mag-
netic order changes from the collinear ferromagnetic state of
FePt, via canted ferromagnetic and antiferromagnetic states
at intermediate concentrations, to the collinear antiferromag-
netic state of MnPt. The arrangement of Fe and Mn on their
sublattice is random, and only a small disorder between the
Fe and the Pt sublattices is present. According to the mag-
netic phase diagram,40 Fe1−xMnxPt should be ferromagnetic
at room temperature and Mn concentrations less than about
20%. For our calculations we assumed a ferromagnetic order
up 25% Mn, i.e., with the magnetic moments of all constitu-
ents aligned parallel to each other. From a CPA calculation
for 25% Mn we find that the antiparallel alignment of the Mn
spins with respect to Fe and Pt is lower in energy by a small
amount, 2.1 mRy/atom. This is in agreement with the phase
diagram40 that in fact shows a nonferromagnetic order at low
temperatures. We also note that the type of magnetic order
can depend sensitively on the structural details, i.e., volume
andc/a ratio, as well as compositional order. In Ref. 58, for
example, the competition between ferromagnetic and antifer-
romagnetic order was studied for binary FePt. The authors
found that ferromagnetism is stabilized relative to the anti-
ferromagnetic state if the tetragonal distortion is decreased,
i.e., if the c/a ratio is increased toward 1, or because of
compositional disorder, which is always present in real
samples. In a thin film, ferromagnetic order might be stabi-
lized by interface/surface effects, or a modifiedc/a ratio or
volume. A general analysis of the magnetic configuration in
FePt and its alloys with Mn is, therefore, a quite complicated
problem, which requires a separate investigation in itself.

In addition to the calculations for alloys with a randomly
alloyed Fe-Mn sublattice, the situation that is encountered
experimentally,40 we calculated the MAE for twoshypotheti-
cald ordered structures with Mn concentrations of 12.5% and
25%. These ordered alloys were modeled by two supercells,
23231 and 13132, in terms of the L10 unit cell, with
one Mn atom located at the origin, retaining the fourfold
symmetry in the basal plane of the L10 unit cell. For these
supercells we considered both a parallel and an antiparallel
alignment of the Mn spin with respect to the Fe and Pt spins.
It was found that the parallel alignment is lower in energy by
7 mRy/ f .u. for x=0.125, and 3 mRy/ f .u. for x=0.25, re-
spectively, supporting the chosen parallel alignment.

The position of the Fermi level of FePt with a reduced
valence electron number for Fe by 0.50 and 0.25, corre-

sponding to Mn concentrations of 50% and 25%, respec-
tively, was estimated in a rigid-band approach and is marked
by triangles in Fig. 3. Note that a strongly increased MAE
can be expected by alloying FePt with Mn, but that a large
degree of alloying decreases the MAE to lower values.

In Fig. 4 the calculated MAE of Fe1−xMnxPt is presented
as a function of the Mn concentrationx. The results, that are
shown by closed squares, were obtained with the VCA. As
can be seen in Fig. 4, the MAE increases monotonically with
the Mn concentrationx, i.e., when the effective charge on the
Fe sublattice is reduced, as is expected from Fig. 3. For a Mn
concentration of 25% the MAE is increased by 33% as com-
pared to pure FePt. In order to verify the applicability of the
VCA we performed EMTO CPA calculations as well. As can
be seen from Fig. 4, the agreement between the CPA and the
VCA results is satisfactory. Therefore, it can be concluded
that the increased MAE of Fe1−xMnxPt is a band-filling ef-
fect. The MAE of the ordered structures modeled by super-
cells is lower than that of those with a randomly ordered
Fe-Mn sublattice, but they are in reasonable agreement with
the VCA and CPA results.

Since the origin of the altered MAE is band filling, the
same effect might be expected by alloying FePt with Ir,52

which has one electron less than Pt. Experimentally, how-
ever, it was found that the addition of Ir to FePt destroys the
ferromagnetism.59

E. Magnetic moments of Fe1−xMn xPt

For completeness, in Table II we list the spin and orbital
magnetic moments as a function of the Mn concentration.
The magnetic moment of FePt is 3.3mB/ f .u., which is partly
due to an enhanced Fe magnetic moment and an induced
magnetic moment on the Pt atom that is oriented parallel to
that of the Fe sublattice, in agreement with the results of
other authors.17,26,42,44,45,60The total spin magnetic moment
increases with Mn concentration and is slightly larger in the
FP-LMTO VCA calculations compared to the EMTO CPA

FIG. 4. Calculated MAE for Fe1−xMnxPt as a function of the Mn
concentrationx, obtained from FP-LMTO VCA and EMTO CPA
calculations, as well as two FP-LMTO supercell calculations.
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results. Experimentally the magnetic moment was found to
decrease with Mn concentration.40 This was attributed by the
authors to the coexistence of ferromagnetic and antiferro-
magnetic phases.

F. Dependence of MAE onc/a

For all calculations presented here a constantc/a ratio
was assumed, since it only changes by 2% within the con-
centration range considered for Fe1−xMnxPt.40 In order to es-
timate the error in the MAE due to the imposed structure,
the MAE of FePt as a function of thec/a ratio is shown in
Fig. 5. The results are in good agreement with those by
Sakuma.44 If the c/a is decreased by 2% from the equilib-
rium value, which is the case at a Mn concentration of
25%,40 the MAE decreases by 0.26 meV/f .u., or about 9%
of the MAE of Fe0.75Mn0.25Pt. In a bulk FeMnPt alloy this
would partly cancel the increase of the MAE with Mn con-
centration quoted above. However, in superlattices and nano-
particles, nonequilibriumc/a ratios can be stabilized and the

strain dependence of the MAE might be used to tailor the
MAE.2–5 Figure 5 shows that a strong influence on the MAE
is expected from a modification of thec/a ratio.

Experimental results concerning the MAE ofsFe,MndPt
thin films have only been published recently.61 The MAE
was observed to increase for a Mn concentration of 1% and
was found to decrease for higher concentrations. This was
attributed to the appearance of as111d oriented phase in ad-
dition to thes001d phase at these concentrations.

IV. SUMMARY

The uniaxial MAE of L10 FePt andsFe,MndPt was stud-
ied from first principles using a FP-LMTO and an EMTO
method. A projection to the different atomic types for the
contribution to the MAE shows that Fe dominatess70% is
found for this typed. However, this does not mean that Pt is
less important for the MAE. A calculation where the spin-
orbit coupling is set to zero for Pt results in a MAE that is
reduced by almost an order of magnitude. From this, one
comes to a conclusion that—at first sight—is in contradiction
to the information given by the atomic resolved MAE,
namely, that it is the Pt atoms that are important. The analy-
sis of Refs. 48 and 56 is consistent with both of these pieces
of information, since it is shown that the large spin-orbit
coupling in combination with strong hybridization is crucial.

The effect of noncomplete chemical order on the MAE
was investigated within the CPA. It results in a strong depen-
dence of the MAE on the degree of long-range chemical
order and should therefore be taken into account in first-
principles calculations in order to obtain a complete descrip-
tion of the MAE. The alloying of FePt with Mn on the Fe
sublattice was treated by VCA and CPA. The MAE increases
with the Mn concentration within the concentration range
studied here—an effect that is attributed to band filling—and
a good agreement between the VCA and the CPA was found.
For a Mn concentration of 25% on the Fe sublattice, the
MAE increases by 33%. Furthermore, a considerable en-
hancement of the MAE can be obtained if thec/a ratio is
increased, e.g., by growing FePt as a superlattice in conjunc-
tion with other materials, or as part of nanocomposite
materials.2–6

TABLE II. Spin and orbital moments from FP-LMTO supercellsSCd and EMTO CPA calculations.

Mn conc.x total Mn Fe Pt

SC CPA SC CPA SC CPA SC CPA

Spin momentssmBd
0.0 3.242 3.233 - - 2.923 2.937 0.3615 0.296

0.125 3.269 3.268 3.334 3.358 2.909 2.932 0.3363 0.282

0.25 3.269 3.302 3.255 3.364 2.894 2.928 0.3075 0.265

Orbital momentssmBd
0.0 0.115 0.122 - - 0.069 0.078 0.045 0.043

0.125 0.082 0.110 0.031 0.043 0.070 0.078 0.040 0.037

0.25 0.086 0.099 0.034 0.046 0.068 0.077 0.030 0.029

FIG. 5. Calculated MAE of FePt as a function of thec/a ratio of
the L10 unit cell. The vertical dotted line indicates the experimental
ratio, c/a=0.981. The calculations were done with the FP-LMTO
method.
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