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Using first principles electronic structure calculations we investigated structural and magnetic
properties of three distinct phases of ;o Relaxed lattice constants, total energies,
magnetocrystalline anisotropies, and density of states were calculated for each phase at their
equilibrium lattice constants, as well as under expansion and contraction stresses. These
computations may help clarify the results of some recent but ambiguous experimentgRin Co
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I. INTRODUCTION figure, the DQq hexagonal phase consists entirely of mixed
Co—Pt alloys have been the focus of much recent rel@yers of 75% Co and 25% Pt. The fcc derivatlve, [along

search, partly because one phase of this material possesdB€ (111 axis| consists of all mixed layers as well. In con-
high magnetocrystalline anisotropyICA). Co;Pt is particu-  trast, the orthorhombi®mn phase possesses a pure Co
larly appealing as a material for high density data storagéayer followed by a mixed layer containing half Co and half

because of increased cost effectiveness due to less Pt thhly FOr €ach ordered phase, we have calculated relaxed
traditional Co—Pt alloys, while retaining a high MCA and atomic structures, total energies, density of states, and mag-
large magnetization. netocrystalline anisotropies. These properties were also cal-

Groups have reported MCAs of ¥8.0° ergs/cni,* up
to 26x10°ergs/ci,? yet there has been some difficulty
physically characterizing these films. It has been suggested
that a mixture of hexagonal and cubic phases is often formed
during growth! Harp et al. suggested that partially ordered,
alternating layers of Co followed by a mixed layer of half
cobalt and half Pt form the overall structutand this type of
layering would naturally give rise to the magnetic effects
seen.

Researchers have grown these films on a variety of sub-
strates. Films grown on AD3(0001) have yielded some of
the higher MCAs, with one reported value of 21
x 1P ergs/cmi.* Groups have also used substrates of
Al,05(1120), MgO(111), fused silica, sapphiteé001), and
Ru(0001) with success. Another important factor in yielding Ly QcCo =}
a film with high MCA is the growth temperature, with tem-
peratures in the range of 300—400 °C yielding the high MCA
phases:? Higher temperatures allow atomic diffusion and
the formation of the thermodynamically stable cubic phase.
Films grown above a certain cutoff temperature show no
MCA at all, presumably due to growth of a film that is purely
cubic in structure. This cutoff appears to be between 430 and
500 °C3° Bandhuet al. have examined the elastic properties
of several epitaxial CgPt films grown at different tempera-
tures on a sapphiréd00]) substrate and concluded that the
different magnetic properties reported can not be attributed
to macroscopic anisotropic strdin.

We have performedab initio calculations on three

phases of CgPt, shown in Fig. 1. As can be seen in the |g= >

L,
3E|ectronic mail: swillou@tulane.edu FIG. 1. Basic stacking for DQ (top) and Pmn® phases.
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TABLE I. Energy differences per atom for D@ L1,, andPmn2. TABLE Il. Calculated values of magnetocrystalline anisotropy
(X 1P erglend).
Phase [, A) Total energy/atormeV) Energy diff. (vs. L1,)
Phase LKKR Nel model
DOy 1% —6.769 0.034
L1,-1% —6.803 PmnR 28.27 17.14
Pmnm2-1% —6.775 0.028 DOyg —28.48 —20.94
disordered —39.12 —1.42
DOy g.s.(5.208 -6.771 0.027
L1, g.s.(5.22742) —6.798 Co—Co interaction Co—Pt interaction General expression
Pmn2 g.s.(5.227 —6.779 0.019
L, L, PmnR:0.445 L, — 1.055L,
DOyt 1% —6.766 0.014 -30 -31 DOyo: —0.8971,+1.63L,
L1,+1% —6.780
Pmm2+1% —6.776 0.003

laxed lattice constants for each phase. The energy of the

DO, phase is higher than either of the other phases for all
culated for each structure with a 1% compression and a 1%g3ses considered. The disordered total enermy; shown
expansion to simulate growth on different substrates. MCA's:alculated with the LKKR method was found to have a
were calculated for a fully disordered hexagonal phase usingigher total energy than tHemn® or L1, phases. As shown
the lattice constants from themn2 phase. Total energies n the table, the cubic phase yields the lowest total energy per
were used to study energy differences between all structuregom for all configurations considered so far. However, when

considered. the cubic andPmn® phases are both expanded by 1%, the
energy difference between the two phases is reduced consid-
Il. THEORY erably, while a 1% compression yields a larger energy differ-

In order to examine the energy differences between th&NCe between the phases. Th's suggests that growt_h on a
phases studied, we made use of @iminitio methods. Struc- substrate that causes expansion of the basal plane lattice con-

tural relaxations and total energies were obtained with thért]antt;_s ;ajpoerSIblﬁ routeftct:) preferential growth of the ortho-
Viennaab initio Simulation Packagévasp),’” using the pro- rhombicFmme phase o _5Pt' , )
jector augmented wave all-electron potenfiaad the gen- Magnetocrystalline anisotropies were calculated with the

o . s "
eralized gradient approximation to the exchange-correlatiorHKERl method, asdwell as within thehl‘gadamodeg hThel;\leel g
potential’® Equilibrium lattice constants were obtained by model Is restricted to nearest neighbors, and has been use

minimizing the total energy with respect to structure.succeSSm"ys'n, t.he past to examine anisotropies of
Strained lattice constants were found by expandinngperlatt'CE§' Within the Neel model, the anisotropy energy

compressing the lattice constant by 1%, and then minimiziné(;s propqrtlonal to co§6) where 0 IS th? angle b_etween the
the energy with respect t/a. asy axis and the chosen magnetization direction. Values cal-

Total energies were calculated both withsp and with culated for the phases within the' &lemodel and in LKKR
the layer Korringa—Kohn—Rostoker methddKKR).10:1t are presented in Table Il. MCAs calculated with the LKKR
' method used the experimental lattice consfafihe param-

The LKKR method uses the atomic spheres approximation,

and the local density approximation to the exchange-eterSL1 andL, also shown in Table Il along with the general

correlation potential. Implemented in the LKKR code is theexpression used for the calcglations were taken from previ-
coherent potential approximatidhwhich was used to treat ous CoPt and CoPd superlattice calculatibtis. the general

; ~ a)\2/r2
the fully disordered hexagonal phase. Using the CPA Withinexpreismnhfor thleﬂ mod(efl MCA[E_ L'/ZE.(mhr) Ire],
LKKR allows us to calculate disordered alloys within the m IS _t efc osen |rect|on_o mgghnbetlzatlccrbms the ve(;:tor
same set of approximations as the ordered alloys. In commdpP'Nting from one atom to its neighbor, ahdcorresponds to
with previous work3 the MCA was calculated with LKKR the type of interaction being considered. Tk, phase pos-

using the force theorei.In order to calculate the MCA, the SESSes no anisqtropy as itis cupic._The LKKR calcglations
potentials are converged without spin-orbit coupling. After@r® cons]lst:ant W'th,the I‘d!damodgl f;}ndmgs o.PmmZ-havlmg
convergence is reached, spin-orbit coupling is turned on, an@" Ut of P aone anisotropy, anbt e %Chflavmg an in-p almel
the frozen potentials are used to calculate the band sum eﬁ-n'SO;rOp%' P nemzamﬁotropy c,’ht_a'ns rom LFKR, calcula-
ergy with the magnetization pointed along the easy then hara_‘Ons or thePmn@ phase Is within the range of anisotropies

axes of magnetization, the difference of these two energie at have been seen experimentally. It was diff_iCU|t for the
yielding the magnetocrystalline anisotropy. For all calcula—NGEI model to treat the disordered phase, possibly due to a

tions, total energies were converged with respedtpmints nearly ideak/a. _Presumably, the high MCA in tiemne is
and energy points to better than 1 meV/atom. caused by the interface formed between the pure Co layer

and the mixed layer.
Density of states were calculated with bothsp and
LKKR, with the vasp results shown in Fig. 2. Both methods
Table | shows the total energy per atom for the differentyielded very similar density of states for each of the phases.
phases in their ground state configuration, expanded and coAdl three phases of GgPt are strong ferromagnets and appear
tracted lattice, as well as the energy difference relative to théo have a filled majority band. Thus changes affected by
cubic phases. Also shown in Table | are the calculated redistortion will change the character of the minority band.

IIl. RESULTS
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Cubic DOS IV. CONCLUSIONS

Total DOS ——

Three phases of GBt have been studied viab initio
electronic structure calculations. Relaxed lattice constants
were calculated for all ordered phases. The fcc derivative
L1, phase was found to have the lowest total energy per
atom compared to the other phases for all configurations ex-
amined so far. However, the energy difference per atom be-
tween theL 1, phase and the orthorhombitRmn? phase is
seen to decrease when each phase undergoes a 1% expansion
from their respective ground state configurations. Calculated
magnetocrystalline anisotropies roughly agree with thelNe
model, and thePmn® anisotropy is within the range of
A 5 ” " = - » anisotropies seen experimentally for 480 films. ThelL1,

Energy (V) phase exhibits no anisotropy, and the @@as found to
© , . , fmmepes . . have an in-plane anisotropy. Density of states calculations
Tomlbos —— reveal that all three phases have a full majority band, so
electronic changes made to the configurations of the phases
affect the minority bands, and the density of states for a 1%
lattice expansion reveal changes suggesting stabilization of
r ] the Pmn2 phase.
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