magnetic materials

Observation of the segregation and the has allowed us to study the evolution of the surroundings of the Co

dissolution of the Co and the Cu in CoCu atom in Co-Cu granular alloys with the thermal treatment. EXAFS
analysis clearly evidences a peculiar trend in the structural evolu-

metastable aIons tion of the alloys as a function of the thermal treatment that has
been related with the maximum of the GMR found after annealing
at 723K.

M.L. Fdez-Gubieda, #* A. Garc’ia Prieto, @

A. Garcia Arribas, # C. Meneghini ® and : :

S Mobilio » 2. Experimental techniques

CoCuioo—x (X = 5,10, 15,20) samples were prepared by rapid
quenching in the form of long ribbons. Different pieces of each
sample were submitted to thermal treatment at increasing temper-
atures Tann = 673 723 773 823 873 923K) in an Ar controlled
atmosphere furnace. The samples were checked by X-ray diffrac-
tion to be sure that they were oxide-free, as the oxidation com-
pletely changes the properties of the material. The very same piece

Metastable CeClnoo_x (x = 5, 10, 15, 20) alloys have been an of sample was used for magnetotransport and structural studies.
X - s "y h -

nealed at increasing temperatures in order to study the evolution of 1 "® MR has been measured using the conventional four points
the Co cluster and its relation with the magnetotransport propertige2nfiguration at 10K in a SQUID magnetometer and with a mag-
The structure was investigated by X-ray Absorption Spectroscopjgtic field UpFE(%ZRL)'” order to achieve the saturation of the MR
on the Co K-edge as a function of composition and annealing terfitrve (MR= ==g5r=(%)).

perature. An anomalous trend in the structural evolution has beenEXAFS measurements on the Co K-edge, for samptless, 15

evidenced and related to the peculiar features observed in the magd 20, were performed on the GILDA (Pascaretlial, 1996)
netotransport properties. beamline at the ESRF at 77 K in transmission geometry. The spec-

tra of thex = 10 sample were collected at room temperature in the
7.1 station at the Daresbury Synchrotron Radiation Source (SRS).
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1. Introduction

Granular mggnetic systems f_ormed _by magnetic clusters (e.g., C@ Data analysis and results
embedded in a non magnetic matrix (e.g., Cu) can present giant
magnetoresistance effect (GMR). Co and Cu are inmiscible elein Figure 1 we present the evolution of the MR with the applied
ments but a metastable CoCu solid solution can be prepared bwagnetic field for the as quenched and the annealed samples for
rapid solidification techniques such as sputtering, electrodeposi£o10Cugo. We have found that in all the samples, regardless of the
tion, laser ablation, mechanical alloying and melt-spinning . Aftercomposition, the GMR presents its maximum value after annealing
preparation, a thermal treatment provokes the segregation of tta 723K, the same result has been reported by other authors (Viegas
components in such a way that Co magnetic clusters are formeet al., 1997; Yuet al, 1996).

in the Cu matrix and the system presents GMR. In granular al-
loys, the magnetoresistance comes mainly from the spin-dependent

: - . (AR/R)%

scattering at the interfaces between the granules and the matrix
(Berkowitz et al,, 1992; Xiaoet al,, 1992; Zhang & Levy, 1993)
and depends strongly on the size of magnetic particles, composi- 25—
tion, as well as on the degree of interaction between them (&tlia 20 L
al., 1995; Wanget al,, 1998). All these parameters are controlled by
the thermal treatment so a deep knowledge of the structural mod- 15 —
ification induced by the annealing is a fundamental issue to fully
control the effect on the magnetoresistance. 10 +—

The CaCuoo—x System has been extensively studied in the last
years and the magnetic and magnetotransport properties as a func- S -
tion of annealing temperature are well known @ftal., 1996; Vie- 0 ‘
gaset al, 1995). In fact, magnetic and magnetotransport measure- -80 -60 -40 -20 O 20 40 60 80
ments point that these systems present superparamagnetic behavior H(kOe)

that arises from magnetic particles size of around.2he pres-
ence of these small particles is responsible of the GMR.
However, there are not yet conclusive results that clarify whafigure 1
is the relation between the microstructure and the GMR and ho/?!2nt magnetoresistance as a function of a magnetic field for as
it evolves with the thermal treatment. This lack of experimentalquenChed and annealed {g0Uso samples measured at 10K.
evidence has its origin in the shortcomings of conventional tech-
niques like X-ray diffraction and transmission electron microscopy The structural EXAFS (Extended X-ray Absorption Fine Struc-
with resolving such small structure. ture) signals were extracted from absorption spectra using standard
The Extended X-ray Absorption Fine Structure (EXAFS) is anprocedures for background substraction and data normalization
atom sensitive technique and very sensitive to the short range ordérengeler & Eisenberger, 1980). Systematical errors were mini-
around the absorber atom. EXAFS spectroscopy on the Co K-edgaized using the same procedure for all the data sets.
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X (K) tions between the parameters. In Figure 2, we present the fit of one
| ‘ ‘ ‘ Co‘ cu ‘ of the samples ik andR space.
0.4- 15" "85 — We have also obtained the scattering parameters through a the-
0.2 Tann=773K7 oretical model using the FEFF (version 6.0) codes (Zabiretky

al., 1995). In this case, we fitted the data up td Svith the FEF-

Ols FIT program and using multiple scattering theory (Newwdteal.,,
-0.2 1993). The fitting was performed in tiRrange and in the analysis
we considered that the reduced amplitude fackrand the edge
-0.4 0@ energy correction were the same for each set of thermal treated
| ) | | | | samples with the same composition.
2 4 6 8 10 12 14 In Figure 3, we present the interatomic distanBe,and the
o(R) k(A Debye-Waller factorg?, obtained with both fitting procedures as

T T T T ] a function of annealing temperatura,, and composition. The
discrepancy between both fittings is presented as an error bar.

50 _|
(b) fit The very same evolution of both parameters has been found with
40 — both fitting methods so we can be really confident of the presented
300 H results.
20 — R(A) Co,Cu 40, o?’(A?)
10 R A R R R
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0 {&%&‘%‘{r{g‘%\ 2.52
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R(A) 2.51
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Figure 2
Co K-edge EXAFS experimental and theoretical function fofsCaigs
annealed at 773K, showing the quality of the fit inkand (b)R space. 2.52
0.006
The nearest neighbor contributions were isolated using the stan- 2 . 51|
dard Fourier Filtering technique and the filtered data were fitted
using the standard EXAFS formula (Stern, 1988): 2.5 0.004
% e—zgsze_zrj/k
kx(k) = N; fj (k, ) =————sin[2kR; + ¢;] (1) 2.52] - -
Z iti RJZ j i B 0.003
2.51
that represents the contribution &f neighbors distributed on
a spheric shell of average radil&sand variances around the 2.5 0.001
absorber. The parametefs(k, 7) and ¢; are respectively the
backscattering amplitude and phase shift. The scale f&tis
related to the many body effects and fheis the mean free path ~ 2-521- - J0.003
for the photoelectron. Since Co and Cu neighbors are almost indis- — -1 Hhe
tinguishable as backscatterers, we have used a single shell model.2'51* - 2
The backscattering functiofy(k, =) and¢;, were extracted from > 5* T x=20 —
an experimental EXAFS spectrum of pure fcc Co sample collected NIRRT I ‘TO'OOl
at 77K. The use of experimental amplitude and phase functions 273 473 673 873273 473 673 873
reduces the number of fitting parameters si¢andl; are au- T (K T. (K)
ann ann

tomatically included in the experimental amplitude function, this

improves the best fit quality and the reliability of the results. Con-

ventional X-ray diffraction has allowed us to know that the mag-rigure 3

netic cluster, well observed after annealed at a high temperaturga) nteratomic distance around the Co at@®n(b) Debye-Waller fac-

Tann = 923K, presents a fcc structure. Since the coordination NuUMtor for CoCuyoo_x granu|ar a||0ys measured at 77K except)foﬁ 10,

ber is expected not to vary as a function of thermal treatniént, measured at room temperature. The error bars display the discrepancy
was fixed to 12 as expected in a fcc structure, this gives a highdretween both fitting methods as explained in the text.

reliability to the values of? obtained. It is worth to notice that

the experimental amplitude also contains implicitely the Debye- ) ) )

Waller factor,02,._co, thus the fitting gives relative values, being 4- Discussion and conclusions

o2 the difference between the value of the Debye-Waller factor imAs can be observed in Figure 3, the interatomic distance around
the sample and in the model (fcc Co). The error bar in each paranthe Co atomsR, for all the as-quenched samples presents a value
eter 6:0.005,5\ for the interatomic distanceR, and 10% for the higher than that of a pure fcc CARE 2.492A at 77K). With in-
Debye-Waller factory) is obtained using the MINOS command of creasing the annealing temperatufg,, the interatomic distance
MINUIT (James, 1994) taking into account for effects of correla-decreases. The same trend presents the Debye-Waller factor, that
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in general decreases wilh,. In a binary metallic alloyABi—x, at the surroundings of the Co atom can readily be partially re-
the bond length&, are usually related to the bond lengths of eachincorporated in the Co granule, at least in the surface proximity.
compoundsRa (x=1) andRg (x=0) through:Rx = XxRa + (1 — X)Re This explains the increase of the disorder around Co atoms, and
following the Vergard’s law. This fact allows us to interpret the also the breaking of the good magnetoresistance condition, having
overall decreasing tendency of the bond lengths as an indicativemall Co particles with less sharp interfaces. Finally, the annealing
of a progressive Co segregation as a function of annealing tempeat temperatures higher than 823K, makes definitive the segregation
ature. The Co atoms expulse the Cu atom from their environmerdaf Co atoms from the Cu rich phase.

and get together with other Co atoms, consequently the interatomic We can conclude that different stages in the segregation of the
distance decreases, the chemical disorder around the Co diminish@e have been found with the annealing temperature that are related
and the Debye-Waller factor decreases. to the magnetotransport behavior:

But a more profound insight in Figure 3, clearly points a more
complex behavior, the decreasing tendency is not monotonous and
a clear structure in the curves is observed.

For the interatomic distance, the effect is difficult to analyze
since it depends strongly on sample composition. In fact, for the
samples withk = 5 composition the interatomic distance around
the Co atom is strongly affected by the Cu matrix, while for the 2. At higher annealing temperature, 723KTann < 823K, an
x = 20 ones, even in the as-quenched sample, the interatomic dis-  inverse process begins. According with the phase diagram,
tance presents a value close to fcc Co which clearly indicates that  the solubility of Cu in Co begins to be finite at 773K, thus
large Co segregation, even before the thermal treatment, is present  the sharp interface around Co particles that has been created

1. From the as-quenched to the annealed at 723K starts the
segregation of the Co atoms. This process creates small Co
particles surrounded by Cu with well defined interfaces and
coincides with the point when the GMR reaches the maxi-
mum value.

in the sample and the effect of the segregation is worth seen. diffuses and the GMR diminishes.
However, the Debye-Waller factor clearly presents an anoma- 3. At higher temperaturéa, > 823K the Co follows its seg-
lous feature for the samples annealed between 723-823K, regard- regation and evolves to pure fcc Co.

less of the composition. The decreasing tendency of this parame-

ter is interrupted at 723K and slightly increases up to 823K. For Acknowledgements
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so the contribution due to thermaly activated phonons is added to

the Debye-Waller factor coming from structural disorder, and thisReferences
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