magnetic materials

Growth induced magnetic and chemical that system (Harrist al, 1994). Studies of the magnetic behavior
: : : of films grown by molecular beam epitaxy have found growth in-
anlsotropy In COPt3 aIon films duced magnetic anisotropy in (100), (111) and (110) oriented films,
and the effect seems to be independent of film thickness (Shapiro
etal, 1999).
J. O. Cross, #* M. Newville, * F. Hellman, ¢ P. W. In this report, we present the results of polarizedkCEXAFS
Rooney, ¢ A. L. Shapiro ¢ and V. G. Harris ¢ on a series of (100) Coftilms grown by molecular beam epitaxy

on (100) MgO single crystal substrates over a range of tempera-
tures from 473 K to 1073 K. The films were approximately 2800
thick. The bulk structural and magnetic properties of these sam-
ples have been well characterized and reported elsewhere (Shapiro
et al, 1999). The net magnetic anisotropy, is measured to in-
crease withTy from near zero at 473 K to.5 x 1 erg/cc at 673 K
before it diminishes to a value near zerdlgt~ 823 K. The Curie
temperature closely tracks this effect, peaking at a value of 693 K
for Ty of 673 K and approaching the value of the bulk disordered al-
loy for growth temperatures less than 473 K and greater than 823 K.
We report the results of polarized BOEXAFS experiments on a We find aTy de_pendent preference for in-plane Co-Co bonds that
series of CoRtfilms grown by molecular beam epitaxy on (100) IS correlated witr,.
MgO single crystal substrates over a range of temperatures from .
473K to 1073K. These samples exhibit substantial perpendicg- EXPerimental
lar magnetic anisotropy that is strongly dependent on the substratB® EXAFS measurements were performed at the Advanced Pho-
growth temperaturd,. We measure a preference for in-plane Co-Cdon Source, using the PNC-CAT undulator beamline 20-ID-B.
pairs that is correlated with the magnetic properties. Properties of the beamline are reported elsewhere in these proceed-
ings (Healcet al., 2000). A fixed-exit cryogenically cooled Si (111)
monochromator was used to select the incident x-ray energy across
1. Introduction the CoK and Pt absorption edges, using the first and third har-
Materials for magneto-optic (MO) storage applications requiremonics of the undulator, respectively. The Pt data will be reported
Curie temperaturesT¢) greater than room temperature, but low elsewhere. The undulator gap was scanned with the monochroma-
enough for diode laser writing via localized heating ab@yga  tor to maintain the peak of the harmonic.
large Kerr rotation, for robust read signals; large coercivity, to pro- The samples were mounted on a 6000 rpm spinner to minimize
tect the written bit against accidental erasure; and, preferably, a petie effect of Bragg diffraction from the MgO substrate and the fcc
pendicular magnetic anisotropy (PMA) to provide the media withCoPt film. Sample and spinner were mounted on a variable tilt
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an intrinsic high-density storage capability. stage set atB+ 1° to the unfocused incident beam. tantalum slits
Presently, the predominant MO materials for storage applicawere used to define the beam. Typical slit sizes to underfill the
tions are amorphous rare earth-transition metelRETM) al- samples were around 0.1-0.2 mm in the glancing angle direction

loys, e.g, TbGdFeCo. Co/Pt multilayers, which have a pronouncedl.0 mm in the other direction. The slit spacing and sample posi-
magneto-optic response to blue light, have been suggested as tipn were adjusted using a light dusting of ZnS phosphor powder
ternatives for the next generation of MO materials (Lin & Gor- on the sample surface and spinning the sample in the x-ray beam.
man, 1992; Weller, 1992), however multilayer growth remains pro-The visible fluorescence from the phosphor was observed using a
hibitively complex for large scale commercial processing. CCD camera, and the sample position and slit sizes were adjusted
Recently, CgPti_x alloy films, x &~ 0.25, have been prepared from the control station to optimize the footprint of the beam. Af-
that exhibit PMA comparable to that of Co/Pt multilayers dad  ter alignment, the phosphor dust was removed using cotton swabs
as high as 673 K (Roonest al., 1995). This is in stark contrast to soaked in methanol swiped gently across the spinning surface.
the equivalent bulk alloys which are nonmagnetic and hakeat The Co and Pt fluorescence was collected using a sealed gas ion-
483 K. ization chamber filled with Ar placed normal to the incident beam
Several researchers were quick to suggest that some form @lirection and in the plane of polarization. The incident beam in-
Co segregation must be present in the alloy films to account fotensity was monitored using a 300 mm transmission gas ionization
the PMA and highTc. However, careful TEM and XRD (Shapiro chamber with 10 mm plate separation operated at 700 VDC flowing
et al, 1999) studies show these films to be of high crystalline qualHe. Harmonic rejection was accomplished by detuning the second
ity, with the same long range order as the bulk alloys, i.ep0u  crystal of the monochromator to 35% of peak intensity and locking
structure when they are grown aboVg > 903 K, or chemically  on this detuning using a PID feedback circuit. Four samples, grown
disordered fcc foify < 903 K. atTy = 473K, 723K, 873K and 1073 K, were measured with the
One early XAFS study (Tysoet al, 1996) on a single (111) polarization in-plane and out-of-plane of the substrate at thi£ Co
alloy film in the peak PMA regime G@sPt 72 found an excess of and Pt absorption edges. Five scans at three seconds/point were
in-plane Co-Co bonds. A more recent and rigorous XAFS studycollected at each condition.
(Meneghiniet al, 1999) of CoP4 (111) and CePt (0001) films
found that both systems show growth induced chemical anisotropg. Analysis
in the minority component, and that the Co-Co pair anisotropy isThe EXAFS analysis was performed following recommendations
correlated with the appearance of PMA. A similar correlation be-of the International XAFS Society (Lytlet al., 1989). The pre-
tween magnetic and chemical anisotropy was seen in earlier stuegdge and background were subtracted from the normalizddta
ies ona-ThFe films, and found to be responsible for the PMA in sets
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Figure 1 Figure 2
Raw x (k) data fore”, (upper) anct] (lower). Four substrate tempera- R-space Fourier transforms of the ®OEXAFS for ¢, (upper) and: |
tures are overplotted in each graph. (lower). Four substrate temperatures are overplotted in each graph.

where Nyt = 8 and N» = 4 in the ideal fcc lattice. Theoretical
phases and amplitudes were calculated using FEFF7 (Ankudinov
& Rehr, 1997), and the data were fit Rspace using FEFFIT
Newville et al, 1995). The overall amplitud& was held fixed at
.75, determined using the 873 K sample as a reference. A total of
eight variable parameters were used to fit the combjneandy,
data sets.

using AUTOBK (Newvilleet al, 1993), and the resulting (k)
were averaged before further analysis. Figure 1 showsythe
for €, and¢€) Figure 2 shows th&-space Fourier transforms of
the CoK-edge XAFS data. The transforms were taken betwee
k = 1.0A~'andk = 105 A~* with kK>-weighting and a Hanning
window with 02 A~ sills. TheR-space fits were performed over

the first shell betweeR = 1.7 A andR = 3.1 A, with no phase . _ .
correction P The results of the first-shell fit to the 723 K sample for both in-

The first shell was modeled as a weighted sum of Co-Co an&lane and out-of-plane polarization at the !K:gedge are given in
. . . able 1, and a graph of thRspace data and fitis shown in Figure 3.
Co-Pt single scattering paths, assuming an average fcc structure

. . . "Pﬁe individual contributions from the Co and Pt single scattering
determined by x-ray diffraction (XRD). Two occupancy parame- aths are shown multiplied by1 on the same graph. Note that

tersa andB were used to describe the amount of Co in the neare{i1 . - .
; . o . e Ramsauer-Townsend resonance in the Pt shell effectively elim-
neighbor in-plane and out-of-plane positions, respectively. For a

random distribution of Co and Rt, = 5 = 0.25. For the ordered matr]ezgorgil?f'igrﬂ?ggsceg icn:ct)r(l:eor:g:sicrfc} 2ﬁ§2§t'r2the fit, giving a
CwAu (L1,) phasea = 8 = 0.0. 9 9 py.

For each samplex(R) data fore] and e fit simult Table 1

or each samp &(R) ala lorey ande, were fit SIMultane- gy yoq1ts for the first coordination shell in the Beedge XAFS.
ously subject to self-consistency in the variable path parameters T

- . o . 9

listed in Table 1. The XAFS c@spolarization factors were in 473K 723K 873K 1073 K

cluded explicitly in the CoCo and CoPt path amplitudes. Using Chemical anisotropy
this model, the contributions tgiotal from the Co and Pt neighbors o 0.19 40.11 0.484+0.10 0.124+0.09 0.1940.10

for the two polarizations are given by B 0.17 4+0.05 0.12+0.03 0.11+0.06 0.17+0.04
Path parameters

1 N, 3.63+0.19 3354020 3.6940.21  3.5840.17
xi = 3[zNi(axco + (1 - ajxe) + @) Nl 7.84 4023  7.87+0.33  7.44+0.44  7.59-+0.18
1 2, 0.012:0.004 0.0090.002 0.00%0.006 0.013-0.003
aNL(Bxco + (1= B)xe)] ol 0007:0.001 0.00%0.001 0.00%0.001 0.008-0.001
1 Reo 2.664-0.008 2.6740.008 2.652.0.018 2.663-0.006
xt = 3[5Nou(Bxco+ (1= B)xey] (2 Ret 2.706:0.002 2.69%0.004 2.7140.006 2.712-0.001

1 rerFcalculation was performed for isotropic cubic sample and unpolarized x-rays. Polarization dependence of the XAFS from individual scattering paths
was written explicitly into the FEFFIT model usingnadegen flag to turn off implicit accounting of path degeneracies.
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Cok. EH‘ 3 1 *72‘“(’“ ] grown at 723 K, however, our measurements can not distinguish
2 F : ! fi 7 these two geometries. Due to the lack of any significant increase in

i ‘ : ] the number of Co-Co bonds out-of-plane, the EXAFS gives an es-
timate of the out-of-plane extent of the domains as one monolayer.

We note that some anisotropy is evident in the fourth shell for
the 723 K sample. In the fcc structure, the fourth shell XAFS sig-
nal is dominated by contributions from multiple-scattering paths
that focus through the cube face atoms. Explora&eyF simu-
lations indicate that the observed anisotropy in this shell may be
fully accounted for by the anisotropy in the focusing atoms found
in the first shell. Further analysis using regularization methods is
planned.
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