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The uniaxial magnetic anisotropy enefdyAE) of L1, FePt and Fg,Mn,Pt, 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 Fed3and Pt %l states is crucial. The effect of random order on the MAE was modeled
by mutual alloying of the sublattices within the coherent potential approxim&G&4), 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 rocal space has to be performed with care. Apart from the

The interest in chemically ordered FePt stems from theeonvergence of the MAE with respect to the numberkof
|arge uniaxial magnetic anisotropy ener@yAE), of the or- points in the Brillouin ZOﬂdBZ), the details of the summa-
der of meV/formula unit(f.u.), and a high Kerr rotation, tion that is performed to obtain the band energy are of great
making it a possible candidate for ultrahigh density magnetiémportance, as different methods yield quantitatively differ-
and magneto-optical recording medidecently, FePt has ent values for the MAE#1® Furthermore, the choice of the
been proposed as a building block of nanocompositgypproximation to the exchange correlation potential some-
magnetsz:—ﬁ o times has a profound influence on the calculated MAE. Up to

Chemically ordered FePt crystallizes in theglslructure. o it is not clear whether the local density approximation
It can be viewed as alternating atomic layers of Fe and PLDA) or the generalized gradient approximatiéBGA)
stacked_ along théO_Ol] direction(_c axis), which is also the  ghould be used. According to Jan¥ethe incomplete de-
magnetic easy axis. The chemically ordered phase can h&jyion of the MAE is due to many-body correlations that

prepared by annealing from the random state, or—as a thiQ\re neglected in the LDA and GGA. Attempts have been
film—by deposition a'a;ubstraﬁe temperatures above the L made to include these effects that—apart from the spin-orbit
ordering temperatur&*?In a thin film, the orientation of the

magnetic easy axis relative to the film plang is controlled_ byﬁZﬁg:LnﬂJ]%?i/gngﬁhSore nhgzgegcﬁ:;:gl tr;;tmhe;;&bggg thri-
the substrate surfaceln that way, perpendicular magnetic y Y. P

anisotropy(PMA) can be obtained, which is desirable for POS€d, the orbital polarizatid®P) correction?? successfully
magneto-optical recording applications. describes the orbital moments of the ferromagnetic transition

Chemically ordered FePt and related compounds havB'etals and their a”‘)yg’zs__sthe MAE, however, is usually
been studied experimentally and theoretically by numerou§Verestimated in comparison to experiméht? In the case
authors. The purpose of this report is to investigate the MAECT FePt, the OP was found to have a negligible effect on the
of FePt and its alloys with Mn. The focus is on the physicalMAE.*"?® A second route to recover the effect of the ne-
origin of the large MAE that is observed in FePt and itsglected many-body correlations is the LDA+U metHddn
dependence on compositional order as well as structurdhese calculations an additional paramef@r two, in the
properties, such as the/a ratio. Several computational case of a binary alloy such as FgRhe so-called Hubbard
schemes have been used for these purposes. U, is chosen to reproduce experimental results. It should be

The calculation of the MAE of the ferromagnetic transi- noted that the LDA reproduces the ground-state properties of
tion metals and their compounds from first principles is not aelemental Pt as well as Pt-based compounds and alloys with
trivial task. In the case of bcc Fe and fcc/hep Co, e.g., theggood accuracy, and the use of an LDA+U approach with a
correct easy axes of magnetization are obtained—though uffinite U for the Pt site is difficult to motivate.
derestimated in size—but not for fcc MiFor systems with In the following the MAE is defined, in terms of the con-

a larger MAE, e.g., hcp Gd, and thin films and multilayers,ventional L%, unit cell, asAE = E-E%1 whereEX® and
the description is more successtit?? In order to resolve E%!are the total energies with the magnetization in[tH@0]
the tiny energy differences of a material with the magnetizaand[001] directions, respectively. Thus, the MAE is defined
tion aligned in different directions, the integration in recip- to be positive if the easy axis is along thexis.

1098-0121/2005/713)/1344118)/$23.00 134411-1 ©2005 The American Physical Society



BURKERT et al. PHYSICAL REVIEW B 71, 134411(2005

Il. COMPUTATIONAL DETAILS In order to test the applicability of the VCA a fully rela-

Two different computational methods were used for thelivistic implementation_ of the ex_act. muffin-tin  method
calculations presented here. Most of the calculations wer€EMTO) was used? It is a generalization of the Green's-
done with a fu”y relativistic imp|ementation of the full- function EMTO teChnqu@for fU”y relativistic calculations.
potential linear muffin-tin orbital$FP-LMTO) method28-30  The spin-orbit coupling is treated in a nonperturbative way
The crystal is divided into nonoverlapping muffin-tin spheresusing a four-component Dirac equation. The EMTO calcula-
centered around the atomic sites, with an interstitial region irfions of the(Fe,MnPt alloys were done with the coherent
between. For the expansion of the electron density and thpotential approximatiofCPA), where the Mn atoms were
potential inside the muffin-tins, spherical harmonics times assumed to be randomly distributed on the Fe sublattice, the
radial component are used. In the interstitial region the exsituation that is encountered at experimental conditféns.
pansion makes use of a Fourier series. The basis functiorghe BZ integration was performed using a special point tech-
are Bloch sums of Neumann and Hankel functions in thenique with about 2.% 10" k points in the full BZ and a
interstitial region that are augmented by a numerical basigermi-Dirac smearing. A Gaussian mesh of 16 energy points
function inside the muffin-tin spheres. The scalar-relativisticon a semicircle comprising the valence states was used for
corrections were included in the calculation of the radial bataking the energy integrals. For the EMTO method the MAE
sis functions inside the muffin-tin spheres, whereas the spingas calculated from total energies.
orbit couplmggwas included at the variational step, as de- o the exchange-correlation potential the LDA was em-
scribed belové® A so-called double basis was used to ensureployed for most calculations. For comparison, the MAE of

a well-converged wave function, i.e., two interstitial basis ; :
functions with different tail energies were used, each at—Fept was calculated with the GGA as well, and it was found

0, -
tached to its owr(n,¢) radial function. Fe) c?i%r? Csassmna:)"te; cciimgareditto t?fe I[Dﬁ trre]su’\I;AEhef?:PPcto'r
The MAE was evaluated from the force theorem, i.e., as pplied, as Its efiect o € orrertis

P 17,26
the difference of the eigenvalue sums for the two ma netiza':'eg“.g'ble' _
9 g Different values for the equilibrium volume and tiéa

tion directions®-32 First, the electron density was calculated .
self-consistently with a scalar-relativistic Hamiltonian, using"te of L1 FeP4t1 have been published. The structure com-
the point-group symmetries that are common to both magne?iled by Villars' a=3.861 A andc/a=0.981 is the one
tization directions. Then, in a subsequent step, the eigenval0St commonly used by other authors and was adopted here
ues were obtained by a single diagonalization for each magP order to facilitate comparison with previous theoretical
netization direction, using the fully relativistic Hamiltonian Studies.
and the scalar-relativistic self-consistent potential. To test the
applicability of the force theorem in the present case, the [ll. RESULTS AND DISCUSSION
MAE of FePt was calculated from total energies as well and
was found to deviate by only 2.5% from the force theorem
result. As the calculated MAE of many materials is crucially
For the calculation of the band energy two different meth-dependent on the details of the BZ integration, a closer look
ods were used. Most of the discussion in the remainder foat the convergence of the MAE with respect to the number of
cuses on the results that were obtained with the modifiet points, and the effect of different BZ integration techniques
tetrahedron methotMTM),33 using 3.2< 10* k points inthe  on the MAE, is needed. In Fig. 1 the uniaxial MAE of FePt,
full Brillouin zone for L1, FePt, and correspondingly smaller calculated in the experimental crystal structure, is shown for
amounts for the larger supercells that were used in the caBlifferentk point sets and, for the FP-LMTO calculations, the
culations of(Fe,MnPt alloys. The advantage of the MTM is two BZ integration techniques discussed in Sec. II. The cal-
that it is exact in the limit of an infinite number &fpoints.  culations were done using the LDA for the exchange-
For comparison, the BZ integration was performed with thecorrelation potential. For the GBM, two different smearing
special points methd&#35 as well, applying a Gaussian widths were used, 10 and 20 mRy. The simple Gaussian that
smearing to the eigenvalues close to the Fermi energy. This frequently used corresponds to the lowest-order term of an
Gaussian broadening meth¢@BM) has been widely used expansion of thes function in Hermite polynomial3® Re-
for MAE calculations recently, but suffers from the fact that taining higher-order terms is a possible route to improve on
it might smear out details of the Fermi surface and yield ahe accuracy, and the number of terms in the expankion
less accurate Fermi energfywhich may lead to an inaccu- emerges as an additional convergence parameter. We used
rate MAE* Its accuracy can be improved by using higher-N=0, 1, and 2, wher®l=0 corresponds to a simple Gaussian
order terms in the expansion of thefunction in Hermite  smearing. From Fig. 1 it becomes obvious that the details of
polynomials® or correction terms’ the BZ integration have a profound influence on the value of
For the calculations of théFe,MnPt alloys in the FP- the calculated MAE. For a smearing of 10 mRy the GBM
LMTO method the virtual crystal approximatigqCA) was  yields approximately the same result for the MAE as the
employed. In the VCA a binary alloy, in this case Fe and Mn,MTM, irrespective of the value oN. Both methods show a
is modeled by a single atom with an effective atomic numbeisimilar convergence with respect to the numbek gioints.
Z=(1-X)-Zre+X-Zyn, WhereZg.=26 andZz,,,=25, respec- A larger smearing of 20 mRy, on the other hand, results in a
tively. The VCA is expected to work well in the present casestronger dependence of the MAE on the smearing function.
of a disordered alloy with constituents that have similar va-Using a simple Gaussian smearifig=0) results in a MAE
lence configurations. that is 17% larger than that obtained from the MTM. For the

A. Brillouin zone integration
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FIG. 1. Convergence of the MAE of lglFePt, calculated with

the FP-LMTO and EMTO methods, with respect to the numbéde of
points in the full BZ. For the FP-LMTO method, the MAE was
calculated with different BZ integration techniques.
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smearingFDS) of 500 K, was usedcf. Fig. 1). Calculations
with other temperatures in the range 0-800 K gave similar
results within 5%.

B. Compositional disorder

The uniaxial MAE of L% FePt is usually overestimated
by first-principles calculations, as compared to experimental
studies’211.12495Qn Table | 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 meVf.u. if the LDA is used. The largest experi-
mental values reported in the literature, determined at room
temperature, are 1.2 mé¥ u. for bulk,*® and 1.1 meV/f.u.
for thin films5! 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 temperatuté? The correlation between
the degree of chemical order and the MAE has been demon-

results discussed in the remainder of the present paper tistrated experimentally by several auth6?$! To confirm
MTM was used for the FP-LMTO method. For the EMTO this, we performed EMTO CPA calculations for different
calculations a special point technique with a Fermi-Diracdegrees of chemical long-range order, such that th¢Pfe

TABLE I. Calculated MAE of completely chemically ordered | BePt from previous theoretical studies.
Abbreviations not appearing in the text: LAPW: linear augmented plane waves, ASW: augmented spherical

waves, KKR: Korringa-Kohn-Rostoker.

BZ MAE

Calc. method approximations integration c/a (meV/f.u.) 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 0.981 2.73/2.89 Ravindrdn

10 mRy
FP-LAPW LDA/LDA+OP/LDA+U GBM 0.98 2.68/2.9/1.3 Shiék

1 mRy
ASW LDA no smearing 0.957 2.75 Oppeneer
LMTO-ASA LDA LT™M 0.96 2.8 Sakumé
LMTO-ASA LDA/LDA+QOP LT™M 0.96 33 Daalderop
FP-LMTO LDA/GGA GBM 0.981 3.90/4.09 Galanakis

7 mRy
KKR 0.981 1.8 Stauntdh
KKR 0.981 4.3 Ostanth
Real-space 0.96 2.26 Solovyév
Green's-function
technique

aReference 26
bReference 42
‘Reference 43
dReference 44
®Reference 17
fReference 45
9Reference 46
hReference 47
iReference 48
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FIG. 2. Dependence of the MAE of FePt on the long-range
order parametes, calculated with the EMTO CPA method. The  FIG. 3. Total and type-projected MAE of FePt as a function of
experimental results are from Okamabal.® at 10 K. the band filling. The closed square is the MAE obtained from the
force theorem(FT). 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.

sublattice is occupied by an fY_,(PtFe_,) alloy, i.e.,
n=1 corresponds to complete order and0.5 to the ran-
dom state. The long-range order paramedethat can be
determined experimentally, is related to the sublattice alloy . .

concentrationy by S=27-18-105354The dependence of the AE, = FOYEp) - FI%9Ep), (2)
calculated MAE orSis shown in Fig. 2. It can be seen that

the MAE is strongly dependent on the degree of chemynereE is the average Fermi energy of the two magnetiza-

icf' %Eﬁ’?é‘s 54EV9” for highly ordered alloys, e.g., tjon directionso, andF?(E) can be calculated from the type-
S=0.95-1923>2 _most of the experimental studies report or- projected number of stated’(E)

der parameters.0.9—the MAE decreases in the calculations
by 15-20%. Our findings are in agreement with those by E

Ostaninet al#” who concluded that the large MAE is mainly F2(E) :J N(e)de. (3)
caused by the chemical order and that the tetragonal distor- —o0

tion of the fcc lattice plays only a minor role. Note that the

volume and thec/a ratio were kept constant in these calcu- The result of this calculation, shown in Fig. 3, is that about
lations. For the Ld-ordered phase, the dependence of the70% of the total MAE originates from the Fe atom. It should
MAE on the c/a ratio is discussed in Sec. Ill F. For com- be noted that the value obtained from E@%)—(3) is in
parison, the experimental result for the MAE of 140 A thick agreement with the MAE quoted in Table 1, which was cal-
FePt film$§ at 10 K is included in Fig. 2. Even if the quan- culated from

titative agreement between the calculated and the measured

MAE is far from satisfactory it becomes apparent that ran- E:%0 =
domness has to be taken into account, in order to achieve a AE:I EDlOO(G)dE—f DY e)de, (4)
complete description of the MAE in first-principles calcula- - —

tions. The dependence of the MAE on the degree of chemical . . . o
order was just recently studied by Stauntral® who ob- whereD? is the density of states with the spin aligned along

tain a qualitatively similar behavior, albeit with a smaller @ The microscopic origin of the large MAE, however, can

absolute value of the MAE that is in quantitative agreemenpe attributed to the strong spin-orbit interaction of Pt in com-
with experiment. bination with hybridization between the Feal Zand Pt 5l

states. A calculation of the MAE of FePt with the spin-orbit
C. Type-resolved MAE of FePt coupling on the Pt site switched off yields a value of
' 0.41 meVf.u., i.e., only 14% of the MAE calculated with

To clarify the origin of the large MAE that is observed in the spin-orbit interaction included for both types of atoms.
Llo FePt we estimated the contribution from the dlﬁerentThiS conclusion is in agreement with a perturba’[ion treat-

0

atomic typesr to the total MAE ment of the orbital moment anisotrop®MA),*8-56 which is
_ connected to the microscopic origin of the MAE’ It was
AE= X AE.. 1) concluded that, in case of strong hybridization, the OMA can
=Fe,Pt . . : .
be enhanced by a strong spin-orbit coupling on ligand
Following Ref. 55,AE can be approximated as atoms>®
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D. MAE of Fe;_,Mn,Pt ASrT—TT T T T T 1
. . : B—8 FP-LMTO VCA
The approach taken in the previous section allows us to - @—@ EMTO CPA .
estimate the dependence of the MAE on small variations of O FP-LMTO supercell

~

o
T
1

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 Ed3).

The dependence of the total MAE on band filling is
shown in Fig. 3 and is in good agreement with the results by
Sakumé* Figure 3 suggests that the MAE can be increased
by alloying FePt with a material that decreases the band fill- O 2x2x
ing. A possible candidate is Mn, which has one electron less
than Fe. The crystallographic structure and the magnetic
phase diagram of LglFe,_,Mn,Pt alloys were investigated B -
by Menshikovet al. in the whole concentration randIn
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- FIG. 4. Calculated MAE for Fg,Mn,Pt as a function of the Mn
netic state of MnPt. The arrangement of Fe and Mn on theitoncentrationx, obtained from FP-LMTO VCA and EMTO CPA
sublattice is random, and only a small disorder between thealculations, as well as two FP-LMTO supercell calculations.
Fe and the Pt sublattices is present. According to the mag-

netic phase diagraff, Fe,_,Mn,Pt should be ferromagnetic ¢ onding to Mn concentrations of 50% and 25%, respec-
at room temperature and Mn concentrations less than aboyjely, was estimated in a rigid-band approach and is marked
20%. For our calculations we assumed a ferromagnetic ordgjy triangles in Fig. 3. Note that a strongly increased MAE
up 25% Mn, i.e., with the magnetic moments of all constitu-can pe expected by alloying FePt with Mn, but that a large
ents aligned parallel to each other. From a CPA calculatioyegree of alloying decreases the MAE to lower values.
for 25% Mn we find that the antiparallel alignment of the Mn |, Fig. 4 the calculated MAE of Re,Mn,Pt is presented
spins with respect to Fe and Pt s lower in energy by a smalhs 3 function of the Mn concentration The results, that are
amount, 2.1 mRy/atom. This is in agreement with the phasgnown by closed squares, were obtained with the VCA. As
diagrant® that in fact shows a nonferromagnetic order at lowcan pe seen in Fig. 4, the MAE increases monotonically with
temperatures. We also note that the type of magnetic ordghe Mn concentration, i.e., when the effective charge on the
can depend sensitively on the structural details, i.e., volumee syplattice is reduced, as is expected from Fig. 3. For a Mn
andc/aratio, as well as compositional order. In Ref. 58, for concentration of 25% the MAE is increased by 33% as com-
example, the competition between ferromagnetic and antifefyared to pure FePt. In order to verify the applicability of the
romagnetic order was studied for binary FePt. The authoryca we performed EMTO CPA calculations as well. As can
found that ferromagnetism is stabilized relative to the antie seen from Fig. 4, the agreement between the CPA and the
ferromagnetic state if the tetragonal distortion is decreased;ca results is satisfactory. Therefore, it can be concluded
i.e., if the c/a ratio is increased toward 1, or because ofthat the increased MAE of EgMn,Pt is a band-filling ef-
compositional disorder, which is always present in realgct, The MAE of the ordered structures modeled by super-
samples. In a thin film, ferromagnetic order might be stabie||s is lower than that of those with a randomly ordered
lized by interface/surface effects, or a modifielé ratio or  Fe-mn sublattice, but they are in reasonable agreement with
volume. A general analysis of the magnetic configuration inthe vCA and CPA results.
FePtand its alloys with Mn is, therefore, a quite complicated  sjnce the origin of the altered MAE is band filling, the
problem, which requires a separate investigation in itself. same effect might be expected by alloying FePt witf?r,

In addition to the calculations for alloys with a randomly \which has one electron less than Pt. Experimentally, how-

alloyed Fe-Mn sublattice, the situation that is encountere@ver, it was found that the addition of Ir to FePt destroys the
experimentally}’ we calculated the MAE for twéhypotheti-  ferromagnetisnt?

cal) ordered structures with Mn concentrations of 12.5% and
25%. These ordered alloys were modeled by two supercells,
2X2X1 and IX1X2, in terms of the L& unit cell, with
one Mn atom located at the origin, retaining the fourfold For completeness, in Table Il we list the spin and orbital
symmetry in the basal plane of the {.init cell. For these magnetic moments as a function of the Mn concentration.
supercells we considered both a parallel and an antiparall@ihe magnetic moment of FePt is 3u3/f.u., which is partly
alignment of the Mn spin with respect to the Fe and Pt spinsdue to an enhanced Fe magnetic moment and an induced
It was found that the parallel alignment is lower in energy bymagnetic moment on the Pt atom that is oriented parallel to
7 mRy/f.u. forx=0.125, and 3 mRAf.u. for x=0.25, re- that of the Fe sublattice, in agreement with the results of
spectively, supporting the chosen parallel alignment. other authors?:26:42:44.4560The total spin magnetic moment
The position of the Fermi level of FePt with a reducedincreases with Mn concentration and is slightly larger in the
valence electron number for Fe by 0.50 and 0.25, correFP-LMTO VCA calculations compared to the EMTO CPA

1x1x20

AE[meV/f.u]
w
(3,1
1
1

w
o
T
1

5 | 1 1 1 1 1 | 1 | 1 |
000 005 010 015 020 025
Mn conc. x

E. Magnetic moments of Fe_,Mn,Pt
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TABLE Il. Spin and orbital moments from FP-LMTO supercéC) and EMTO CPA calculations.

Mn conc.x total Mn Fe Pt
SC CPA SC CPA SC CPA SC CPA
Spin moments ug)
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 moments ug)
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

results. Experimentally the magnetic moment was found tetrain dependence of the MAE might be used to tailor the
decrease with Mn concentrati6hThis was attributed by the MAE.?-®Figure 5 shows that a strong influence on the MAE
authors to the coexistence of ferromagnetic and antiferrois expected from a modification of thea ratio.
magnetic phases. Experimental results concerning the MAE @fe,MnPt
thin films have only been published recerflyThe MAE
was observed to increase for a Mn concentration of 1% and
F. Dependence of MAE onc/a was found to decrease for higher concentrations. This was
attributed to the appearance ofHL1) oriented phase in ad-

For all calculations presented here a constia ratio  dition to the(001) phase at these concentrations.
was assumed, since it only changes by 2% within the con-
centration range considered for,Egvin,Pt° In order to es-
timate the error in the MAE due to the imposed structure, IV. SUMMARY
the MAE of FePt as a function of thefa ratio is shown in
Fig. 5. The results are in good agreement with those by The uniaxial MAE of L} FePt andFe,MnPt was stud-
Sakuméi* If the c/a is decreased by 2% from the equilib- ied from first principles using a FP-LMTO and an EMTO
rium value, which is the case at a Mn concentration ofmethod. A projection to the different atomic types for the
25%20 the MAE decreases by 0.26 méiu., or about 9%  contribution to the MAE shows that Fe dominat§9% is
of the MAE of Fg ;dMng ,dPt. In a bulk FeMnPt alloy this found for this type. However, this does not mean that Pt is
would partly cancel the increase of the MAE with Mn con- less important for the MAE. A calculation where the spin-
centration quoted above. However, in superlattices and nan@vbit coupling is set to zero for Pt results in a MAE that is
particles, nonequilibriune/a ratios can be stabilized and the reduced by almost an order of magnitude. From this, one
comes to a conclusion that—at first sight—is in contradiction
35 , | — , 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.

- 3.0 7 The effect of noncomplete chemical order on the MAE
« was investigated within the CPA. It results in a strong depen-
2 L - dence of the MAE on the degree of long-range chemical
E order and should therefore be taken into account in first-
< .50 _ 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
2.0 L L L 1 L a good agreement between the VCA and the CPA was found.
0.90 0.9 o 1.00 1.05 For a Mn concentration of 25% on the Fe sublattice, the
MAE increases by 33%. Furthermore, a considerable en-
FIG. 5. Calculated MAE of FePt as a function of @ ratio of ~ hancement of the MAE can be obtained if thé&a ratio is
the L1, unit cell. The vertical dotted line indicates the experimentalincreased, e.g., by growing FePt as a superlattice in conjunc-
ratio, c/a=0.981. The calculations were done with the FP-LMTO tion with other materials, or as part of nanocomposite
method. materials?—®
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