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Polarized CK edge extended x-ray absorption fine structure measurements obtained with electric
vector parallel and perpendicular to the film plane indicate differences in Co bonding along these
two directions in room-temperature evaporated) {g0d, g4 alloy films. A local modulation of the

Co fraction whose amplitudes are 0.05-0.09 exists along the growth direction in the alloy films. Pd
underlayer and Pd spacer layers alternated with the alloy layer induce coherency strains resulting in
an anisotropic effective strain state. Both anisotropic strain and local compositional modulation are
likely to contribute to the perpendicular magnetic anisotropy observed in these alloy$99®
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Because of their potential application in magneto-opticaland perpendiculacl) to the surface of the Co—Pd alloy
high-density recording, Co/Pd and Co/Pt multilayer films ex-films.
hibiting perpendicular magnetic anisotrogfPMA) have Four room-temperature coevaporated alloy samples were
been extensively studied to understand the anisotropgtudied, one grown directly onto a Si wafer (GgPth ss),
mechanism over the last decad@ Co—Pd and Co—Pt alloy two with Pd underlayers [Coy1dPthg,/Pd(100 A),
films were since found to exhibit PMA, and relationships Coy 1Pt g4/Pd(200 A)], remaining one alternated by Pd
between alloy composition, preparation conditions, micro-spacer, [Pd(50 A)/Cq 1Pth 450 A)]x10. All samples
structure, and magnetic properties have been establfsfied. have PMA as confirmed by rectangular perpendicular mag-
Weller et al.”® reported that Co—Pt and Co—Pd alloys havenetic hysteresis loops measured by vibrating sample magne-
PMA, 100% remanence, and high coercivity comparable tdometer shown in Fig. 1. All hysteresis loops show that the
those in their multilayer systems. easy axis of magnetization is oriented out-of-plane. X-ray

Previous studies of the alloy films have provided differ- diffraction shows all samples hay&11)-textured polycrys-
ing suggestions and mostly indirect evidence relating PMAtalline structure, with(111)-peak positions corresponding to
to microstructure. A polarized extended x-ray absorption fine€Co composition within 1% difference from those by EXAFS
structure(EXAFS) study of Co—Pt alloy films concludes its analysis. Atomic force microscopy shows the samples have
origin is likely to be clusteringordering of Co atoms in  small surface roughnesses of 4—6 A and lateral correlation
surface normal(111) planes yielding internal interfacEs lengths of 300—400 A. Thus, roughness-induced PMA via a
based on a model of intermixing at the interface ofsurface dipole-dipole interactiGhis not expected.
superlatticé. As for the Co—Pd alloy, the origin of its PMA Polarized CK-edge EXAFS’s were measured as a fluo-
was speculated to be a similar compositional anisotropy ofescence yield for each sample by orienting the electric field
Co atoms in the Pd matriX without direct evidence. The vector E nearly perpendicular ;) and exactly parallel
origin of PMA in the alloys has remained unclear because ofE,) to the film surface at near-grazing inciderté®ecause
limited direct structural information and lack of theoretical of the 111 texture of the films, in thE, polarization only
study while the PMA in multilayers has been explained byatoms out of the plane with respect to Co absorbers contrib-
the interfacial, magnetocrystalline, and magnetoelastic amdte to the EXAFS signals, while in tHg, polarization back-
isotropy (MEA) originating from the uniaxial asymmetfy?  scattering from atoms both in and out of the film plane con-

To investigate the short range structure of Co—Pd alloytributes. From this knowledge, we can resolve directional
films, we analyzed polarized EXAFS’s which provide direct information of the short range structure surrounding Co ab-
short range information about the average Co environmensorbers. In our case, the first nearest neighbors are resolved
Polarized EXAFS was chosen because of its ability to proby analyzing the first shell around Co emitters.
vide both directional- and chemical-specific nearest-neighbor  Anisotropy in Co—Co correlation is seen directly in the
information around Co absorberSOur results demonstrate background-subtracted, normalized EXAFS’'sEfand E
that Co—Co correlations are different between pardllel polarization, as seen in Fig. 2 for the simple alloy film. A
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FIG. 1. Normalized magnetic hysteresis loops of, &Bd, g, alloy films
with different structural parameters: without Pd underlayefajn with 100
A thick Pd underlayer inb) and 200 A thick Pd underlayer ifc), and
alternated by Pd spacgEa, ;P 5450 A)/PA50 A)1x 10 in (d). Solid and
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FIG. 3. Radial distribution functions extracted from Fourier transform of
EXAFS. The best-fit datésolid lineg are compared with the experimental
ones(circles. The radial coordinate does not correspond to the actual inter-
atomic distance, as phase function for the central scattering atoms has not
been included. Dotted and dashed lines indicate the out-of-plane and in-
plane atoms of both Co and Pd, respectively. The apparent discrepancy

dotted lines indicate applied field directions perpendicular and parallel to thdetween total amplitude and sum of each elements amplitude results because

film plane, respectively.

the FT function of EXAFS is complex.

difference in peak-to-peak amplitude is clearly seen in thehe fit with a constraint of 12 surrounding atoms in the first
first period of EXAFS oscillation with a small phase differ- ghe||.

ence due to contributions of different bonding lengths at

The spectra taken with thE, polarization are fitted us-

higher k. These differences indicate structural anisotropy. Byng the variable parameters for the out-of-plane ateinaul-

Fourier transformgFT) of EXAFS functionsk3y(k) (k is

taneouslyfitted in theE, polarization to obtain the structural

the photoelectron momentynradial distribution functions parameters of the in-plane atoms. The best-fit cufsetid
(RDFs of Co emitters(circles are obtained as in Fig. 3. A ines) and experimental da@pen circlesare shown in Fig.
split first peak containing Co—Co and Co—Pd contributions3 together with each contribution from Co and Pd neighbors

are seen.

of the in-plane(dashed lingsand out-of-planddotted line$

To separate Co and Pd contributions and obtain detailegls previously mentioned. The resulting parameters are shown
structure, we fitted EXAFS data aSSUming these two baCki'n Table I. Comparison ol andR between the in-p|ane and
scatters described by theoretical amplitudes and phases geguit-of-plane atoms reveals structural anisotropy.

erated byrerra!® Including two peaks within a range &

To understand the origin of anisotropy in Co—Co first

=[1.3-3.4 A, data were fitted in real space according to aneighbors, we extend the notion of clustering or ordering

novel method of simultaneous fittihg'® with both RDF'’s
Fourier transformed in a range=[2.8—9.7 A"1] taken in

anisotropy with a simple analytic model which assumes that
locally alternating 111 planes parallel to the film surface

theE, andE, polarization. The variable parameters includehave a high %) and low (x,) fraction of Co. The ratio of

N coordination numbemR radial distance, and? structural

average Co coordination numbeX{,) to the Pd one Ny

disorder inR for both Co and Pd backscatters which vary inq, poth in- and out-of-plane atoms can be expressed as

S
=
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FIG. 2. Fluorescence-yield C§-edge EXAFS's of Cg,ch g, alloy film
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Using Egs.(1) and (2) with Ng, from Table | andNps~=6
—Nco, thex, andx,, are determined as in Table I. Unequal
values ofx;, andx, indicate a short range ordering normal to
the surface of the Co—Pd alloy films, which does not exist in
equilibrium phase. The determined amplitudes of the local
modulation of the Co fraction defined by (—x|)/2 are
0.05-0.09 for all the alloys as shown in Table II. A decrease
to 0.05 is likely to be an increase in the roughness of the
interface between the Pd underlayer and the alloy layer. We

which are background subtracted and then normalized by an edge step near

inflection point from absorption spectra taken in two geometries &ith

perpendicular and parallel to the film plane.
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refer to the local modulation of the Co fraction as short-
range composition-modulatiofSRCM) to compare with
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TABLE |. Best-fit parameters from simultaneous fitting. Determined local Co fractiqpsndx,, and Co
strains parallel and perpendicular to the film plane,«x,)/2 is amplitude of local modulation, ande(
—€,)/2 is effective strain anisotropy stands for average Co composition which is definedyy(x)/2.

[Cop.1dPh 50 A)/

CopsdPthas  CoidPthas/Pd(100A)  Cq,Pchsa/Pd(200 A) Pd(50 A)]x 10
NE 1.26x0.31 1.02:0.22 1.06:0.21 1.2:0.29
Nout 0.62£0.21 0.81-0.24 0.84-0.16 0.7:0.29
R 2.612£0.025 2.65%+0.017 2.6580.016 2.630.021
R 2.611+0.034 2.606:0.025 2.59%0.016 2.57:0.031
o=gf  0.0082£0.0016 0.006%0.00055 0.007€:0.00057 0.0092:0.00086
x 0.157+0.0078 0.1520.0076 0.1580.0079 0.15%0.0078
Xh 0.248 0.205 0.21 0.236
X 0.0649 0.10 0.104 0.0775
€ 0.0424 0.058 0.061 0.048
€ 0.0415 0.034 0.028 0.017
(Xn—X1)12 0.0916 0.053 0.054 0.079
(e—€)2 0.0005 0.012 0.016 0.015

long-range composition modulatidhRCM) in the case of a Finally, we conclude that the origin of PMA in the

multilayer system. For all alloy films, the SRCM is presentCo—Pd alloy samples studied here is due to the structural
even though its amplitude is smaller than that for a perfecbrigins of both chemical ordering similar to broken symme-
superlattice. It was found that the multilayer with a LRCM try in multilayer system and anisotropic strain. These mac-
has the smaller amplitude of the LRCM by diffuse interfacesroscopic effects are closely consistent with the microscopic
than that expected or desired in preparation. origins of electronic hybridization of Co atoms near Pd
The anisotropic Co—Co distances determined for EX-neighbors or Pt ones and its strain dependence proposed in
AFS analysis can be interpreted as an effective anisotropitheory by Kyunoet al2
strain compared to bulk Co. Average strains of Co parallel  This work is supported by POSTECH and PLS. EXAFS
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€=RcdR—1, () Foundation for a financial support through the 1996 Postdoc-

- — toral Fellowship Program.
e, =2RM sin 6/(RV3)— 1, @ b FTod

where 6=arccosRZ/2R%Y, and R is the Co—Co nearest

distance of 2.506 A for fcc bulk Ca, as well ase; values  1p ¢ carcia, A. D. Meinhaldt, and A. Suna, Appl. Phys. Let, 178
are tensile as seen in Table I. Tensile Co—Co distances com-+19s5.

pared to bulk are expected since Co is in a unit cell domi-2G. H. O. Daalderop, P. J. Kelly, and M. F. H. Schuurmans, Phys. Rev. B

: e 42, 7270(1990.
nated by Pd. In the Pd matrix, Co atoms have an effective; / Kyuno. J.-G. Ha, and R. Yamamoto, Phys. Rev5 1092(1996.

strain anisotropy by- (¢, —€,)/2, the positive and negative 43 m. MacLaren and R. H. Victora, J. Appl. Phy§, 6069 (1994

signs stand for the directions parallel and perpendicular to°M. H. Kryder, J. Appl. Phys57, 3913(1985.

the film plane, respectively. The alloy without Pd underlay- ef/{ Tsuggsgi?fgi‘,d\gs';agasey K. Nakamura, and S. Uchiyama, IEEE Trans.

P ; ; . agn. 25, .

ers has a negl|g_|ble stram ams_otropy, but the remaining alvD. Weller, H. Bindle, and C. Chappert, J. Magn. Magn. Mat2l, 461

loys have an evident strain anisotropy ©0.012, =0.016, (1993.

and +0.015. Interfaces in the samples having Pd under andC.-J. Lin and G. L. Gorman, Appl. Phys. Le€t1, 1600(1992.

spacer layers explain why only these samples exhibit this E-t‘t’\’ﬂe;;‘;é E(‘{g‘ggeﬁG- Gorman, C.-J. Lin, and H. Notarys, Appl. Phys.

. . . . . ett. 61, .

anlsotropm effegtlve strain. The mtgrplay between the coherIoJ_ R. Childress, J. L. Duvail, S. Jasmin, A. Batémey, A. Fert, A. Schuhl,

ent elastic and incoherent interfacial energy may affect the o. purand, and P. Galtier, J. Appl. Phyk5, 6412(1994.

magnitude of the effective strain. 113, Shiomi, H. Okazawa, T. Nakakita, T. Kobayashi, and M. Masuda, Jpn.
As seen in Fig. 1, the shapes of hysteresis loops confirrg% ’ZPPT'- E:XS-SBS' '-C3oln5r;igz- R E G Farrow. and B. A Jones. Phve

the link between PMA and a short range structure discussedg,,’ 5)5/4 R3702(1996. T ‘ o P TS

above. Both the SRCM and the anisotropy in Co—Co dis23y. G. Harris, K. D. Aylesworth, B. N. Das, W. T. Elam, and N. C. Koon,

tances appear to play a role in the PMA of these samples.Phys. Rev. Lett69, 1939(1992.

; : ; : {‘P. Bruno, J. Appl. Phys64, 3153(1988.
Increasing effective strain anisotropy through Pd under ancj;issl K. Kim. Y. M. Koo, V.. A. Chernov, and H. Padmore, Phys. Re\s®

spacer layers leads to better perpendicular magnetic hyster-1114(1996: s. K. Kim, Y. M. Koo, and V. A. Chernov, J. de Physique
esis loops. Among the samples studied the best quality mag-iv (1997 (to be publishey
netic hysteresis curve is observed for the sampléle- NeW\r/]i”e, Ph.D. tlheSiSé Washiggtol? Univgfsi% 19|5t9)5- o

; J. J. Rehr, J. M. Deleon, S. I. Zabinsky, and R. C. Albers, J. Am. Chem.
[Coy 18P h 8450 A)'/PdSO.A)]xlo, which can be expected Soc.113 5135(1999.
by the anisotropic strain and the amplitude of SRCM assg A stern, M. Newville, B. Ravel, Y. Yacoby, and D. Haskel, Physica B

shown in Table I. 209, 117(1995.

68 Appl. Phys. Lett., Vol. 71, No. 1, 7 July 1997 Kim et al.
Downloaded-29-May-2008-t0-141.223.63.87.-Redistribution-subject-to-AlP-license-or-copyright;~see-http://apl.aip.org/apl/copyright.jsp



