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Finite-Temperature Anisotropy of PtCo Magnets

R. Skomski, A. Kashyap, and D. J. Sellmyer

Abstract—The temperature dependence of the magnetocrys-
talline anisotropy of PtCo and its atomic origin are investigated
by first-principle and model calculations. The Pt spin moment
necessary to realize the leading 5d anisotropy contribution is
due to neighboring Co atoms. At finite temperatures, Co spin
disorder strongly reduces the Pt moment and the anisotropy.
This is in contrast to the situation encountered in 3d and 3d—4f ®
magnets, where the atomic magnetic moments remain largely
conserved, even above the Curie temperature. A consequence of
the L1, mechanism is thattheKl(T) curve of exhibits a negative Fig. 1. L1, structure of PtCo magnets. The Pt (gray) and Co (black) atoms
curvature, in qu'!trast to the unfavorable positive curvature for forgm alterr;]ating layers, which Izads to cons(i?ier)z/i)ble magrEetocrglstaIIine
rare-earth transition-metal magnets. anisotropy, even if the c/a ratio is close to one.

Index Terms—Anisotropy, finite-temperature magnetism,
inteatomic exchangeL1, magnets, permanent magnets, PtCo.

o

law, wheren = 2 for K, and the corresponding finite-tempera-
ture expressioly, /, [9] yield a very similar dependence [4], [9].
|. INTRODUCTION However, one-sublattice model approaches are not able to de-

ETRAGONAL intermetallics having in the1, structure scribe complicated intermetallic alloys. For example, the transi-

such as PtCo, PdFe, and PtFe, have attracted much atfig-metal sublattice contributes comparatively little to the total
tion as permanent magnets and, more recently, in the field dtisotropy of ra_re—eartr_] transitior)—metal interm.etallics butisim-
magnetic recording [1]-[6]. One reason is the comparativeﬂ?”?‘m to prow.de the mteratormc exchange field necessary to
large magnetocrystalline anisotropy, about 4.9 MJion PtCo. 'ealize the leading rare-earth anisotropy [4], [10], [11]. Here, we
The magnets are characterized by the simultaneous involvem@flt Show that a different two-sublattice mechanism is respon-
of 3d and 5d (or 4d) atoms, which distinguishes them frosiple for the finite-temperature magnetism of 3d—4d and 3d-5d

3d-based permanent magnets, such as alnico and barium ferfite, Magnets.

and from rare-earth transition-metal intermetallics, where spe-

cific tasks are realized by 4f and 3d atoms. The zero-temperature

properties ofL1-type layered structures are reasonably well 1. ATOMIC-SCALE CONSIDERATIONS

understood [7], [8], but the investigation of their finite-tempera-

ture behavior is still in its initial stage. This refers, in particular, Fig. 1 shows the tetragondll, structure. The Co atoms

to the magnetic anisotropy. From an experimental point of vieflack) ensure that the magnetization and the Curie temperature

it is difficult to control the composition and crystallinity over aare reasonably high, whereas the Pt atoms (gray) provide the

wide temperature range, and competing phases such as dispir-orbit coupling from which the large anisotropy of the

dered fcc have a pronounced effect on the anisotropy. Here, miagnets results [4], [7]. However, to realize the Pt anisotropy

focus on the theoretical understanding of the temperature des necessary to have 1) a magnetic moment on the Pt atoms,

pendence of the magnetic anisotropy. so that the net spin-orbit interaction is nonzero, and 2) a

Typical uniaxial transition-metal magnets, such as Y@&x- sufficiently strong intersublattice exchange to stabilize the

hibit a nearly linear decrease of the first anisotropy condfant directions of the Pt moments at finite temperatures.

as a function of temperature, and the mean-field prediction forElemental platinum is an exchanged-enhanced Pauli para-

the anisotropy of classical one-sublattice magnei§;i€T) = magnet and does not have a magnetic moment, but Pt atoms

K1(0) (1-T/T.). Akulov's low-temperatura(n+1) /2 power are easily spin-polarized by a suitable crystalline environment.
Physically, and| electrons hop from the Co atoms onto Pt sites
and create a small Pt moment. A qualitative way of determining
the Pt moment and the sign of the Pt—Co moment is to exploit the

Manuscript received January 6, 2003. This work is supported in part by ttight-binding moments theorem, which relates the bandstructure
Department of Energy (DOE), in part by the Army Office of Scientific Researcﬁizl the local atomic environment [12]-[14]. The analysis reveals
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Science and Engineering Center (MRSEC), and in part by the Center for Maf@—at the magnetic Co atoms spin—polarize the Pt 5d atoms, with

rials Research and Analysis (CMRA). ferromagnetic (FM) Co—Pt couplingf* > 0. The Pt moment
The authors are with the Department of Physics and Astronomy and Cenggig|eg aS/(W _ I), wheret is the Co—Pt nearest-neighbor hOp-

for Materials Research and Analysis, University of Nebraska, Lincoln, NE. . . .

68588 USA (e-mail: rskomski@unlserve.unl.edu). ping integrall W = 1/D(EF) is a Pt bandwidth parameter, and
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Fig. 2. Schematic spin structure: (@) FM and (b) AFM. Only in a FM
environment, the Pt atoms exhibit a spin moment, but this moment is sufficient

to realize magnetocrystalline anisotropy. The finite-temperature spin structureTha finite-temperature anisotropy is obtained as a thermal av-
is random and, in a sense, intermediate between (a) and (b). . . . . L
erage over all spin configurations. The starting point is the qua-
siclassical two-sublattice mean-field Hamiltonian

Ill. FINITE-TEMPERAUREBEHAVIOR

To investigate intra- and inter-atomic exchange effects on
a first-principle level, we use the approach developed by
Liechtensteiret al.[15]. A self-consistent spin-polarized linear
muffin-tin orbital method [16] is used to calculate the magnet?ﬁ'
moments and charge densities. To calculate the excha
interactionJ;; between two different sitesandj we assume
spherical charge and spin densities and employ the local fo
theorem, so that

H = Hco + Hpy + H” 2)

hereHc, is the 3d sublattice exchanglp, describes the Pt

ms, andH * is the intersublattice interaction energy. In the
present approximatio{co = —Jco-coS - (S), whereS is the
Iccoebalt spin moment andlo,-c, ~ T is the cobalt intrasublat-
tice exchange. The platinum sublattice Hamiltonian is

. Hpy :1/2(W—I)(mg+mi+m§)
Jij = yo Im / deAd ()T () A ()T (). (1) - Ko(m} —m3/2 — m}/2). (3)

m
LL’ )
Here K, is an anisotropy parameter which depends on the spin-

i . . . . ., orbit coupling and on the crystal field. The interaction term is
Here, T}’ (¢) is the scattering path operator in the sitgj) Ping y

representation for different spin projections (=T, |), and

Ay (e) = t;" — t;,! is the difference of the inverse single-site

scattering matrlces._ L L .whered is the angle between the cobalt magnetization and the
The focus of the first-principle calculation is on the two Sp"&rystallographia; axis

configurations shown in Fig. 2, for which moments and ex- In the following, we ignore the weak dependence of the Co

change energies are calculated. Table | shows the obtalneq Bent on the spin structure. The calculation of the free energy
moments per atom. In the FM case, the Pt moment contains a

d-electron contribution of 0.446 and an sp-electron contri-

bution of —0.05245. The Co moment is very stable, changing F(f) = —ksT1In Ei/eXP(—H(Si> m, 0)/kgT)dm (5)
by only 5.6% when going from the FM to the antiferromagnetic

(AFM) configuration. By contrast, the FM Pt moment of nearlys straightforward and yields the anisotropy

0.4 up collapses in the an AFM configuration. The reason is

H* = —J*(m, cos 6 + m, sin §)(S(T)) 4

that Co neighbors above and below the Pt atoms have opposite Ki(T) = K, (0)MZ,(T)/MZ,(0). (6)
moments, so that the net exchange field acting the Pt 5d elec-
trons and the Pt moment are zero. In this equation,J* enters the zero-temperature anisotropy

In terms of the energy difference between the FM and AFM; (0) = 3K,m?/2, wherem = J*S/(W — I), but not the
configurations, the exchange is 0.0031 Ry per Co atom, cortemperature-dependent term. The temperature dependence of
sponding to atemperature of 490 K. This value and the mome#is originates from(S(T)) in (4). TakingK;(0) = 5 MJ/m?
presented in Table | serve as a first-principle input for the calields K, = 21.5 MJ/m?. This large value is a result of the
culations in the following section. strong spin-orbit coupling of the Pr 5d electrons.

Note that the values listed in Table | are spin moments. Ex-Fig. 3 shows the temperature dependence of the leading 4d/5d
cept for Pt in the AFM configuration, both Pt and Co exhibiainisotropy contribution for 3d spins of lengths= 1 (solid line)
some orbital moment not specified by the present first-principédS = 1/2 (dashed line). The curves exhibit a pronounced
calculations. As the magnetocrystalline anisotropy, the orbitagative curvature, which is favorable from the point of view
moment is a relativistic effect, but in the present context it f applications above room temperature, in contrast to the pos-
of little consequence, because the intersublattice exchange isva curvature of typical rare-earth transition-metal ferromag-
spin-only effect. nets [4].
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Fig. 3. Temperature dependence of the anisotropy of the 4d/5d sublattce. (6]

1 is more appropriate for Co-containithd , magnets.
(7]

Only very recently it has become possible to mea$Urér)
of L1, magnets (PtFe) over the whole range of temperature [17]g]
However, in [17] as well as in [18]the anisotropy is discussed
in terms of a one-sublattice theory (Section [), which is a very [9]
crude approach.
[10]

IV. DiscussioN ANDCONCLUSION [11]

In spite of similarities with rare-earth transition-metal inter- ; 5,
metallics, the temperature dependence of the anisotropy of PtCo
exhibits some unique features. In rare-earth magnets, intersub-
lattice interactions are important too, but rare-earth atoms ob
Hund'’s rules and do not need an exchange field to develop @4
magnetic moment [11], [20]. The situation encounterellig
magnets is, in a sense, comparable to that encountered in 3d5¢
compounds such as uranium sulphide, where interatomic ex-
change is necessary to stabilize the uranium moment [21]. It is
important to note that the present mechanism applies not onl[)%s]
to PtCo but also to other magnetic 3d—4d and 3d—5d compoundsr]
crystallizing in thel.1q structure, such as PdFe and PtFe.

In conclusion, the anisotropy of PtCo and its temperature dq—ls
pendence are due to Co 3d electrons hopping onto Pt sites afd]
spin-polarizing the Pt 5d electrons. With increasing tempera-
ture, thermal disorder leads to a randomization of the direcp,,
tion of the Co spins and to a reduction of the exchange fiel

1A recent paper [19] uses a two-sublattice approach very similar to that of21]
Section |l but does not consider the temperature dependence of the anisotropy.
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acting on the Pt atoms. As a consequence, the Pt moment, the
net spin-orbit coupling, and the leading Pt anisotropy contribu-
tion collapse.
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