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Magnetic properties of SmCo 5 and YCo5
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We have studied the magnetic moments and magnetic anisotropy efMAfy) of YCos; and
SmCg; using full-potential linear augmented plane walz&PW) electronic structure calculations.
Most previous calculations of the MAE for YGpusing local density approximatidhDA) for the
exchange-correlation potential, have found values significantly sméai#é.6 meV/f.u) than
experiment(~3.8 meV/f.u). The rest of the MAE is attributed to many body corrections. Our
LAPW calculations using the generalized gradient approximat®@A) instead of LDA and
including nonspherical corrections give valuesl.5 meV/f.u. The Co magnetic moment of
YCos_,Cu,, unlike the prediction of the virtual crystal approximation, decreases slowly with
impurity concentration until dropping suddenly to zero at a critical dopant concentration.
Correlation effects were found to be crucial for the MAE in SpCW@/hile GGA calculations give
MAE for SmCag; of the wrong sign, including the LDAU, correction brings it to~21 meV/f.u.,

in good agreement with the experimental value of 13—16 meV/f.u2003 American Institute of
Physics. [DOI: 10.1063/1.1556154

RECgq, (RE=rare earth compounds belong to a class of YCos and 9.452 a.u. and 0.792 for SmCdhe Co sites are
hard magnetic intermetallic materials. These materials arseparated into two sets of inequivalent atoms, €)(2aving
found to have a large magnetic anisotropy enefigfAE),  twofold multiplicity and Co(3y) having threefold multiplic-
which is defined as the difference between the ground-statigy (Fig. 1). Including spin-orbit coupling into the calculation
energies due to rotation of the magnetic field. Sm@od lowers the symmetry when the field lies along the plé&oe
YCos! form in the same crystal structure, but the MAE of Pmmm, No. 47, separating the three atoms corresponding to
YCos (3.8 meV/f.u)? is only about a factor of 3—4 smaller Co(3g) into two inequivalent sites which have multiplicities
than that of SmCg(13—16 meV/.u)>~° while the MAE of  of 2 and 1*°
hcp Co(0.065 meV/f.u) is much smallef. The large MAE LDA (or GGA) calculations incorrectly pin all of the
found in these materials is due te) the spin-orbit(SO)  f-orbitals at the Fermi energyeg) in SmCg and other sys-
interaction of the partially filled, localized 4f moment on the tems containing unfilled orbitals. In order to eliminate this
RE atom andb) the spin-orbit interaction of the Gborbit- problem, the previous electronic structure calculations for
als within the anisotropic crystalline environment. SmCaq did not treat thef orbitals as valence electrofst’

Electronic structure calculations were performed usingWith the contribution of the orbitals left out, the calculated
the self-consistent full potential linearized augmented plangnagnetic moments calculated using these methods are simi-
wave (FLAPW)” method within density functional theory
(DFT).2 The local density approximatioLDA) of Perdew
and Wand and the generalized gradient approximation
(GGA) of Perdew, Burke, and Ernzeri8fvere used for the . , . T ——
correlation and exchange potentials. Calculations were per: Total moment —&—
formed using the WIEN97 packaleand the WIEN2k
packagée”? Local orbital extensiors were included in order &%
to accurately treat the upper core states and to relax any
residual linearization errors. A well converged basis consist-
ing of approximately 300 LAPW basis functions in addition ;4 3 41
to the local orbitals was used with Y, Co, and Sm sphere radii§ Bl
set to 2.31 a.u.. Spin-orbiSO) interaction was incorporated *
using a second variational proceddfe. ol Jos

The crystal structure of YGoand SmCg is that of
CaCuy (P6/mmm, No. 191 The experimental values of a
and c/a used in the calculation are 9.313 a.u. and 0.806 fo ol s s s ‘ 0
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lar to those of YCg and the MAE is severely underestimated TABLE |. Previous calculations of the magnetic anisotropy energy of
17 . YCos.
(~7 meV/f.u’’ compared to the experimental value of

13-16 meV/f.L3™9). Since the increase in the magnetic mo- LMTO-ASA? —0.40 meVi/f.u.
ments and MAE of SmGpcompared to YCgis due to the = LMTO-ASAP 0.60 meV/f.u.
. . C

presence of the unfilled orbitals, such treatment of the ~-MTOASA 0.50 meVif.u.
bitals does not seem justifiable. Our calculations have inF /o 058 mevit...

or , =M | - O , [MTO-ASA® ~0.39 meV/f.u.

cluded thef orbitals within the calculation using the LDAU LMTO-ASA' —0.94 meV/i.u.

formalism which adds a Hubbard repulsionto more prop-  LMTO-ASAY —0.82 meVi/f.u.

erlylssgn apart the localized orbitals above and below *Roference 28,

= PReference 29.

Doping the Co sites with nonmagnetic atoms in SmCo °Reference 30.

and YCg changes the local Co crystalline environment andReference 31. _

. V. P. Antropov (unpublisheg
reduces the magnetic moments. It was observed that the total \, 1oy (unpublishedl
magnetization and the anisotropy field of annealedR. Sabirianounpublished
Sm(Co;_,Cu,) decrease linearly as a function of Cu concen-
tration, becoming zero around=3.2° The magnetic moment
in Y(Cos_4Ni,) shows a more sudden drop near the same The MAE is more sensitive to the unfilled Snorbitals
critical concentrationx=32% In a recent linear muffin-tin  and is far more difficult to compute. Previous LDA calcula-
orbital-atomic sphere approximatidhMTO-ASA) calcula-  tions of the MAE of YCg have found values between0.5
tion, Yamadaet al?? used the virtual crystal approximation and 0.6 meV/f.u., much smaller than the experimental value
(VCA)® for Y(Cos_,Ni,), finding a modest drop in the Of 3.8 meV/f.u.(Table ). Many author®~* have used the
magnetic moments around=2.5 in an otherwise fairly lin- So-called orbital polarization correctioi©PQ, an ad hoc
ear regimé_z However, no sudden drop in the magnetic mo-addition to density functional calculations which artificially
ments was seen as found experimentally. Our supercell calicreases the spin-orbit interaction which is underestimated
culations of Y(Cos_,Cu,) show that the total magnetic In conventional DFT calculations. It has been argued that the

moment/unit cell decreases fairly linearly with Cu doping physi_cs of_the underestimation of the o_rbital momegt in DFT
(Fig. 1), similar to the previous results found with Ni IS quite different from that assumed in the OFE? The

doping?? This suggests that the effect of Cu doping on mag_large variation in the LMTO results, depending upon which

netism is mostly due to the electronic doping, not simply tocode is used, indicates that nonspherical effects are impor-

the nonmagnetic nature of Cu. However, if that were thdant. To check this conclusion, we repeated our calculations,

case, one would not only expect total magnetic moment reNOW removing all nonspherical components from both in the

duction but also somewhat delocalized Co moments, as e)?_harge density expansion inside the muffin-tin spheres and in
pected in the VCA® However, a closer inspection of our the Hamiltonian itselfithis is a more severe approximation

results reveals that the magnetic moment on Co is fairly Iocaﬁhan the ASA, for the latter implicity includes some non-

. : . spherical effects in the overlap regigngVe found that the
and little aﬁgcted by the Cu doping unit-2.5 where the MAE for YCog is —9.34 meV/f.u. without nonspherical
moment rapidly falls to a small value before gradually de-

: . : components compared to 1.51 meV/f.u. when they are in-
caying to ze_rdF|g. D. We co_nclud_e that Co n doped Y0 cluded using GGA and-0.83 meV/f.u. compared to 0.53
can occur either in a high-spin or in a low-spin state, depend- ; . .
. . L meV/f.u. using LDA. The nonspherical corrections are even
ing on the local environment. Presumably, in disordered al- . . )

more important in the GGA calculation.

loys both spin states are present, the low-spin state in the Initially, we computed the MAE using the FLAPW

locally Cu-rich regions, and the high-spin state elsewhere\./\”E,\I97 packag¥ without including thep,, corrections.

The crossover concentrationf-2.5-3 is characterized by .« tecent version of the WIEN code WIENk-

a ghange from mostly hlgh-sp|_n Co to mostly low-spin Co. ludes the so-calleg,,, extensior!, a relativistic correction
This crossover concentration is the same as has been O?b'r the ¢=1 andj = 1/2 (i.e., thep,, state states where the
served experimentally for the decrease of the tota U v2

tizatioRd25 badial dependence of the wave function is not treated cor-
magnetizatiort:”

) ) ) . rectly in the second variational application of the spin-orbit
The previous calculations of the magnetic moments in

SmCgq treated Sni orbitals either as core rather than va-
. . 7

lence electrori$ or not in the calculation at alf’ The calcu-  7agLE 11. The k-point convergence and the exchange-correlation func-

lated moments in these calculations did not include the Sm tional dependence of magnetic anisotropy energy of &.Co

contribution. However, the moments for the Co}2

(1.53,uB).and the Co(g) sites (1.56ug) agree well with tgﬁgississ—pl,z g:gi’ :::\\;//IS
the previous calculation$. The total spin moment of |pa 10x10x10 0.50 meV/f.u.
12.2up and the Sm orbital moment of 2.8 ug give a total  LDA 12x12x12 0.56 meV/f.u.
magnetic moment of 9.4g which agrees well with the ex- GGA 8x8x8 1.51 meV/f.u.
perimental value of 8.8 .2%2” The orbital moment of the ggﬁ féxslﬁilop“ 11'3;; me\\//’/';'“'
Cod orbitals was found to be-0.1ug, much smaller than 5 19x12x13 163 EEV/{E:

that of the Snf orbitals.
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TABLE Ill. MAE of YCos_,Fg and SmCeg_,Fe, calculated at lattice pa-
rameters of the pure compounds.

YCos 1.51 meV/f.u. SmCe¢ 21.6 meV/f.u.
YCosFe, —0.90 meV/f.u. SmCgre, 16.6 meV/f.u.
YCo,Fe; 0.00 meVi/f.u. SmCgre; 4.79 meVi/f.u.
YFes —1.59 meV/f.u. Smke 3.94 meVi/f.u.

interaction. Calculations with and without thm,, correc-
tions are compared in Table Il. Inclusion of tpe, correc-
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