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Structure and magnetism of well defined cobalt nanoparticles embedded in a niobium matrix
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Our recent studies on Co clusters embedded in various matrices reveal that the co-deposition technique
(simultaneous deposition of two beams: one for the preformed clusters and one for the matrixiatams
powerful tool to prepare magnetic nanostructures with any couple of materials even though they are miscible.
We study both structure and magnetism of the Co/Nb system, which are intimately related. Because such a
heterogeneous system needs to be described at different scales, we used microscopic and macroscopic tech-
nigues, and in addition local element selective probes based on x-ray absorption. We conclude that our clusters
are 3-nm-diameter fcc truncated octahedrons with a pure cobalt core and a solid solution between Co and Nb
located at the interface which could be responsible for the magnetically inactive monolayers we found.

I. INTRODUCTION II. EXPERIMENTAL DEVICES

Structural and magnetic properties of clusters, i.e., par- We use the co-deposition technique recently developed in

ticles containing from two to a few thousand atoms, are of! laboratory to prepare the sampfets. consists in two

: . . .~ independent beams reaching at the same time a si(iod)
great interest nowadays. From a technological point of view )
. . Substrate at room temperature: the preformed cluster beam
those systems are part of the development of high-densit : : o
; . . nd the atomic beam used for the matrix. The deposition is
magnetic storage media, and, from a fundamental point o . :
. . . . . made in an ultrahigh vacuum{UHV) chamber p=5
view, the physics of magnetic clusters still needs to be inves:, ", - . L
. ) X107~ Torr) to limit cluster and matrix oxidation. The clus-
tigated. Indeed, to perform stable magnetic storage with

. trf\r source used for this experiment is a classical laser vapor-
small clusters, one has to control the magnetization reversa

process(nucleation and dynamigsand thus make a close lzation source improved according to Milani-de Heer

. 5 . _
connection between structure and magnetic behavior. Tgesugn. It allows us to workiin the low-energy cluster beam

reach the magnetic properties of small clusters, there are tw_oeposmon(LECBD) regime: clusters do not fragment arriv-

. Th . . ing on the substrate or in the matfixThe vaporization Ti-
available approaches: “macroscopic” measureméutsng :sapphire laser used provides output energies up to 300 mJ at
a vibrating sample magnetomei®SM) or a superconduct- bp P P g P

ing quantum interference devi¢€QUID)] on a cluster col- Z:tg r:[n,rgssnrt):lriz:ugl\?;ng 'aé‘z 322;5;':;?5;2&?”
lection (10 particles that implicate statistical treatments of 1P y 9

the data, and “microscopic” measurements on a single par?hsar?lg s]uts()ta:IleJl—T\?Zlg(l:l:i;[ﬁr flI,IL:1X.inTQ(fanaLljt:i)((:altsioﬁv\i‘/ﬁﬁr?fid
ticle. From now, micromagnetometer§MFM,* Hall 9

microprobé® or classical micro-SQUID(Ref. 3] were not deposmo_n chamber_. By monitoring and controlllng both
" . evaporation rates with quartz balances, we can continuously
sensitive enough to perform magnetic measurements on

) . . :ﬁijust the cluster concentration in the matrix. We previously
single cluster. The pr.esent paper constitutes the p_rehmmarghow that this technique allows us to prepare nanogranular
study toward magnetic measurements on a small single Clu?ﬂms from any couple of materials, even two miscible ones

ter using & new micro-SQUID design. We focus on and try 1, rhigden by the phase diagram at equilibriiive deter-
connect structural and magnetic properties of a cluster colyine the crystalline structure and the morphology of cobalt
lection. With a view to clear up structural questions, we firstcjysters deposited onto copper grids and protected by a thin
study the structure of nanocrystalline Co particles embeddegarbon laye (100 A). From earlier high-resolution transmis-

in a niobium matrix by means of transmission electron mi-sjon electron microscop{HRTEM) observations, we found
croscope(TEM) observations, x-ray diffraction, and absorp- that cobalt clusters form quasispherical nanocrystallites with
tion techniques. Then magnetization measurements are peg-fcc structure, and a sharp size distributiénin order to
formed on the same particles to deduce their magnetic sizgerform macroscopic measurements on a cluster collection
and their anisotropy terms. using surface sensitive techniques, we need films having a
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5-25-nm equivalent thickness of cobalt clusters embedded in 2107 e
500-nm-thick niobium films. We chose a low cluster concen- 1.5x102 F
tration (1-5% to make structural and magnetic measure- ;
ments on noninteracting particles. One has to mention that
such concentration is still far from the expected percolation
threshold(about 20%.* From both x-ray reflectometry and
grazing x-ray scattering measurements, we measured the
density of the Nb films: 92% of the bulk one, and a bcc
polycrystalline structure as reported for common bulk. X-ray
absorption spectroscog)XAS) was performed on D42 at the :
LURE facility in Orsay using the x-ray beam delivered by -2X10'2; ¢
the DCI storage rintf at the CoK edge(7709 eV} by elec- i K (A
tron detection at low temperatur@ £ 80 K).!! The porosity

of the matrix is low enough and avoids the oxidation of the FIG. 1. EXAFS spectrum obtained on the sample containing 5%
reactive Co clusters as shown in x-ray appearance near-edgécobalt clusters embedded in niobiu® { experimental data, con-
structure(XANES) spectra at the Cé&- edge where no fin- tinuous line: simulation

gerprint of oxide on cobalt clusters embedded in niobium

films is observed. The results of the extended x-ray absorpsents a shoulder which can be understood unambiguously in
tion fine-structurd EXAFS) simulations reveal the local dis- terms of phase shift between Co and Nb backscattereis for
tances between first Co neighbors and their number for eaclyyes around 5 AL. This splitting in the real space corre-
component. Magnetization measurements on diluted sampl%?,ondS to a broadening of the second oscillation in the mo-
were performed using a vibrating sample magnetometefentum spac@ (see Fig. 1 Thus, in the simulations, we
(VSM) at the Laboratoire Louis Ne in Grenoble. Other first consider two kinds of Co neighbors: cobalt and niobium.
low-temperature magnetization curves of the same samplgsyt a preliminary study of cobalt and niobium core levels by
were obtained from x-ray magnetic circular dichroismy._ray photoelectron spectroscopy reveals a weak concentra-
(XMCD) signal. The measurement was conducted at the Eujon of oxygen inside the sample owing to the UHV environ-
ropean Synchrotron Radiation Facility in Grenoble at thement. The core level yielding provides an oxygen concentra-
ID12B beamline. The degree of circular polarization was al+jon of about 5%. Such Co-O bonding is taken into account
most 80%, and the hysteresis measurements were performegl the fit improvement. Moreover, from HRTEM and x-ray-
using a helium-cooled UHV electromagnet that providedyitfraction patterng;® we know: the mean size of the clusters

107? |
ox10° £

-5x10° fo
x10? |
-1.5x102

EXAFS (arb. units )

magnetic fields up to 3 T. (3 nm), their inner fcc structure with a lattice parameter close
to the bulk one, and their shape close to the Wulff equilib-
Ill. STRUCTURE rium one(truncated octahedrgnFinally, the Co/Nb system

can be usefully seen as a cobalt core with the bulk param-

The origin of the EXAFS signal is well established aseters and a more or less sharp Co/Nb interface. From these
mentioned in various referenc&slf multiple scattering ef- assumptions, we use the simulation of EXAFS oscillations to
fects are neglected on the first nearest neighbors, the EXAF&escribe the Co/Nb interface and to verify it is relevant with
modulations are described in terms of interferences betweesn observed alloy in the phase diagréeatragonal CgNb;).
the outgoing and the backscattered photoelectron wave fundrhe best fitted values of EXAFS oscillations are the follow-
tions. We use McKale tabulated phase and amplitude shiftig:
for all types of considered Co neighbdfsThe EXAFS (i) 70% of Co atoms are surrounded with cobalt neighbors
analysis is restricted to solely simple diffusion paths from thein the fcc phase with the bulklike distancedd,_c,
standard fitting code developed in the Michalowicz ver¥fon =2.50 A), corresponding tiN;=8.4, R;=2.495 A , oy
where an amplitude reduction factsf equal to 0.7Ref. 19  =0.1 A, 5,=0.18 A in EXAFS simulations.
and an asymmetric distance distribution based on hard (ii) 26% of Co atoms are surrounded with niobium neigh-
sphere modéf are introduced. The first consideration tra- bors in the tetragonal Ghlb; phase, corresponding td,
duces the possibility of multiple electron excitations contrib-=3.1, R,=2.58 A , 6,=0.16 A , 5,=0.06 A in EXAFS
uting to the total absorption coefficient reduction. The secsimulations.
ond one is needed to take into account the difference (iii) 4% of Co atoms are surrounded with oxygen neigh-
between the core and the interface Co-atom distances in thsrs with a distance equal t.,_o=2.0 A based on the
cluster? So, in the fit,R; ands; values, corresponding to the typical oxygen atomic radii in chemisorption systéfer
shortest distance and to the asymmetry parameter oftthe transition-metal oxides. This environment corresponds to
atom from the excited one, respectively, replace the averagd;=0.5, R;=1.9 A |, 63=0.04 A ,s;=0.1 A in EXAFS
distance in the standard EXAFS formulation. We also definesimulations.
N; the coordination numberr; the Debye-Waller factor of According to Ref. 19, a 3-nm-diameter fcc truncated oc-
the jth atom,k the photoelectron momentum, ahdk) its  tahedron consists of 35.6% core ato(@ene a, 27% atoms
mean free path. Structural parametek§ [R;,o;j,s;) were in the first sublayefzone b, and 37.6% atoms in the surface
determined from the simulation of the EXAFS oscillations layer (zone ¢. Let us propose the following compositions: a
(Fig. 1). As for some systems with two componerifer  pure fcc Co phase in zone a, a b phase in zone b, and
example, in metallic superlattices previously studi¢d, a CogNb,O, phase in zone €i.e., at the cluster-matrix in-
the first Fourier transform peak of the EXAFS spectrum preterfacg. The corresponding coordination numbers:
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N;(Co-C9=8.5,N,(Co-Nb=3.1, andN;(Co-0)=0.4 are in a0 F T T T T T
good quantitative agreement with the coordination numbers %
N;, N,, andN3 we obtain from EXAFS simulations. Con- = 35 P 717
cerning the other fitting parameters, what is found is the high § 3.0 /*
value for the mean free path of the photoelectrbi=(1.6) = 7
and the Debye-Waller factor for Co-metal environmeat ( S 2.5
>0.1 A). Notice that because we did not dispose of experi-
mental phase and amplitude, but calculated ones, a large dif=
ference between sample and reference is expected, so the 1.5 | - ]
absolute values do not represent physical reality but only are 10 - i/
necessary to attenuate the amplitude of oscillations. On the i i/
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contrary, the total number of neighbors is fixed by TEM 0.50 [
experiments which reveal a fcc phase for the Co clugsos 0.0 Lz . . . . . .
N1+_N2+ N3=_ 11+1). To foIIc_)w _the shape, position, and 0 50 100 150 200 250 300
relative amplitudes of the oscillation; is a free parameter T (K)
for each component in the simulation and besides is related
to the concentration of thgth atom from the Co absorber FIG. 2. Inverse of the sample susceptibility plotted versus the
one in the sample. This study finally evidences a diffuseemperaturel, making a linear extrapolation of this curve for high
interface between cobalt and niobium mostly located on th&mperatures, one obtains, whei3/ 0, an idea of the interaction
first monolayer. temperaturep=1-2 K.
In summary, we made a consistent treatment of all the
experimental results obtained from different techniques. We
notice that EXAFS spectra show unambiguously a smooth
interface between miscible elements as cobalt and niobium. . . .
This information will be of importance and is the key to fand 0 .glvels an order. of magnitude O.f the pgrﬂcle
understand the magnetic behavior discussed below. m_teractlonsz. _From expenmentgl dgta, we glve)(l)(/s Tin
Fig. 2, and findd=1-2 K, which is negligible compared
with the other energies of the clusters. In the superparamag-
IV. MAGNETISM netic regime, we also estimate in Sec. IV A the magnetic size
Here, we present the magnetic properties of these nano distribution of the qlusters. _At low temperatures, clusters
eter siz'ed clusters embedded in a metallic matrix. Furtheryo .. & ferromagnetic behaV|_or due to the_ anisotropy terms.
. S And, in Sec. IV B, we experimentally estimate their mean
more, such a system will be used to perform micro-SQUID, .
. . o anisotropy constant.
devices in order to reach magnetization measurements on an
isolated single domain cluster. The present study deals with
macroscopic measurements performed on a particle assembly
(typically 10'% of cobalt clusters in a niobium matrix to In the following, we make the approximation that the
describe the magnetic properties of the Co/Nb system. Beatomic magnetic moment is equal to kg at any tempera-
cause of the goal mentioned above, we focus on very dilutetlre (or 1430 emu/crilike in the bulk hcp cobalt Besides,
samples(less than 2% volumic for Co concentratipnsor  our synthesized cobalt clusters have approximately a 3-nm

Iocroo (6h)
=9

A. Magnetic size measurement

f(D)=

B woH(7mD3/6)M g
l X= kBT 1

these low cluster concentrations, magnetic couplings bediameter and contain at least 1000 atoms. According to Refs.
tween particles are negligible whereas dipolar and22 and 23, a magnetic moment enhancement only appears
Ruderman-Kittel-Kasuya-Yosid@&KKY ) interactions in the for particles containing less than 500 atoms. So in our size
case of metallic matrix, are considered. Nevertheless, botlrange we can assume that the atomic cobalt moment is close
last contributions which vary asd?{ (whered;; is the mean to the bulk phase onenfc,=1.7ug). We consider a log-
distance between particleare expected to be weak com- normal size distribution:

pared to ferromagnetic order inside the cluster. In a first ap-

proximation, we neglect any kind of surface disorder so that 1 D\ 1

a single domain cluster can be seen as an isolated macrospin D\/ﬁex —|In Dn/| 252| )

with uniform rotation of its magnetization. It means that the

atomic spins in the cluster remain parallel during the clustewhereD,, is the mean cluster diameter andhe dispersion.
magnetization rotation. In an external applied field, the magin the superparamagnetic regime, we can use a classical
netic energy of a nanoparticle is the sum of a Zeeman interkangevin functionL (x) and write

action (between the cluster magnetization and the local

field), and anisotropy termfas shape, magnetocrystalline, waSL(x)f(D) dD

surface(interface in our cageor strain anisotroply At high m(H,T)

temperaturesT> 100 K), anisotropy contributions of nano- = s

metric clusters can be neglected compared to the thermal sat f D3f(D)dD

activation[ K+fV/kg~30 K (Ref. 20] and clusters act as 0

superparamagnetic independent entities. A way to estimate )

the interparticle interactions is to plotyls T in the super- whereH is the applied field &qH in tesla, T the tempera-
paramagnetic regime. @t/follows a Curie-Weiss-like law: ture, andmg,; the saturation magnetic moment of the sample
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FIG. 3. In the superparamagnetic regimgH/T) curves super-

impose forT =100, 200, and 300 K(+: 300 K; X : 200 K; ¢ : 100 12 B A A R

K). At T=30 K (®: 30 K), the anisotropy energy is no more Y [, - TEMGdist

negligible, and one has to use a modified Langevin function to fit F iisp=0.25 ]
the curve. 08 [

z 0

estimated on magnetization curves at low temperatures under § 0.6 L
a 2-T field. First of all, in Fig. 3, one can see that fbr S L
>100 K, m(H/T) curves superimpose according to £g) g 04¢
for a magnetic field being applied in the sample pléawe -
checked that the results are the same for a perpendicular 02}

applied field. Second, one can notice that fo=30 K, the 0 - e

magnetization deviation to the high-temperature curves 0O 1 2 3 4 5 6 7

comes from the fact that the anisotropy is not negligible diameter (nm)

anymore, and one has to use a modified Langevin function in

the simulatior?* In this equation, we also assume that the FIG. 5. (a) TEM size distribution:D,,,=3.0+0.1 nm, o'=0.24
particles interact with the applied field. In fact, they interact+0.01 and magnetic size distributioB;,=2.3+0.1 nm,o=0.24
with the local field which is the sum of the external field and +0.01 for a niobium deposition rafey,=3 A /s and a log-normal
the mean field created by the surrounding particles in th@listribution, (b) TEM size distribution: D,,=3.2-0.1 nm, o
sample. Furthermore, in the superparamagnetic regime, we0-25+0.01 and magnetic size distributiob;,=1.8+0.1 nm, o
fit experimentalm(H,T) curves obtained from VSM mea- = 0-25+0.01 for a niobium deposition rafey,=5 A /s.
surements to find,, and o, the mean diameter and disper-
sion of the “magnetic size” distribution, respective(gee
Fig. 4). For those fits, we still use thd g bulk value[the use

of other ones given in Refs. 25-27 leads quite to the sam
results(with an error less than 5%the determining factors
beingD,, and o]. Figure 5 displaydD,, and o for two nio-
bium deposition ratesHy,=3 A /s andFy,=5 A /s, re-
spectively. Such results are compared with the real cluste

sizes deduced from TEM observations. The magnetic do-
main is always smaller than the real diameter. Furthermore,
the magnetic domain decreases as the deposition rate in-
creases. This indicates that the kinetics of the deposition
plays a crucial role for the nature of the interface. For ex-
ample, we found a magnetic domain size of 2.3 (nesp. 1.8

qm) for a 3-nm-diameter cluster wheffiy,=3 A Is (resp.
Fnp=5 A /s), the dispersionr=0.24 remained the same.

1

B. Anisotropy

Uit The bulk value of the fcc cobalt cubic magnetocrystalline

anisotropy constant isKy,=2.7x1 erg/cnt (Ref. 28
less than the hcp bulk phase one (44F erg/cn?). The
shape anisotropy constait,,.can be calculated from the
demagnetizing factors and the saturation magnetization. In
case of weak distortions in the sphericity, the shape anisot-
ropy for a prolate spheroid can be expressed as follows:

Z 0.6

m/m

0.4

0.2

0 L

0 0.4 0.8 1.2 1.6
W H (T)

1
EshapeZE/-LOM é( N,— NX)C032( 0)= Kshapecosz( ). (4)

FIG. 4. We use a classical Langevin function to fit experimental ) ) o )
magnetization curvem(H) in the superparamagnetic regim®{ Ms is the saturation magnetization of the partlclkli‘l:s .
experimental data; continuous lines: JitShis allows us to deduce = 1430 emu/criy, 0 the angle between the magnetization di-
the mean particle diametér,, and the dispersion of the magnetic ~ rection and the easy axis, amdl, N, the demagnetizing
size distribution considering a log-normal distribution for cobalt factors alongx axis andz axis, respectively. We plot in Fig.
clusters. 6 the constant anisotro¥sn,peas a function of the prolate
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FIG. 6. The volumic shape anisotropy energisfape in .
erg/cn?) is plotted(continuous lingvs the particle deformatioo/a FIG. 7. Reman_ent r_nagnetlc mo_ment plo.tt_ed vs the temperature
T. The signal is first normalized writing:m,(8.1 K)ygsm

assuming it is a prolate spheroid. We also report volumic magneto-_m (8.1 K) and then we taken (5.3 K)=1. We see that
crystalline anisotropy energy for fcc and hcp cobalt. AR TYXMCD ) SN -
y Py 9y P the continuous line curve fits both VSM®) and XMCD (O)

] ] ) measurements. From this fit, we can deduce the anisotropy constant
spheroid deformation/a (Ref. 29 (with ¢c anda represent- Kot

ing the long and short ellipsoid axis, respectiyelfFor a

truncated octahedron, the ratita has been evaluated lower %
than 1.2 which restricts th&ghape value of the order of f D% (D) dD
10° erg/cn?. However, we have no information about the my(T) _ 7P (6)
magnitude of interface and strain anisotropies in our system. m;(5.3 K) fw D3(D) dD-
Let us now experimentally evaluate the anisotropy con- Dg(5.3 K)

stantK¢s of cobalt clusters from low-temperature measure-

ments. Hysteresis curves are obtained from VSM experi©n€ findsDg(T) when the relaxation time of the particle is

ments, but at very low temperature§e., T<8 K), equalto the measuring time:= 7oexpKesV/keT)=Times:

superconducting fluctuations appear due to the niobium ma- 6k -
trix and prevent any magnetization measurements on the D3(T)=aT,a= B | ( mes); 7
whole sample. So, we also use x-ray magnetic circular di- TKeff To

chroism as a local magnetometer by recording the MCD sig~, is the microscopic relaxation time of the particle, taken

nal at the cobalt.; white line as a function of the applied independent of the temperature. The fit result is presented in
magnetic field(for details on the method, see Ref)3The  Fig. 7. We find a=3.5+0.1 nn?/K, and by taking 7mes

angle of the incident beam is fixed at 55° with respect to the= 10 s andr,=10"12-10"9 s, we obtainK=2.0+0.3

surface normal and the magnetic field is parallel to thex 106 erg/cn?. By fitting zero-field cooledZFC) curves for
sample surface. The absorption signal is recorded by monjitferent applied fields, we can also evaluitg;. Besides,

toring the soft x-ray fluorescence yield chosen for its larggf e neglect the blocked particle susceptibility, we have
probing depth(1000 A). Finally, from hysteresis curves

given by both VSM and XMCD techniques, we deduce Dg(H.T)

m,(T), the remanent magnetic momentVslown to 5.3 K, Myec(H,T) Jo DL (x)f(D) dD

and we normalize it by taking: m(8.1 K)ysu e - , ®)
=-mr(8.1 K)xmcp, the curvemr(T)/mr(5.3 K) is given in Msat j D3f(D) dD

Fig. 7. To evaluaten,(T), one can write 0

Moreover, for low-field values compared with the anisotropy

fw D3f(D) dD field of cobalt clustergestimated to beugH,=0.4 T), we
Mgt J Dg(T) can make the approximation
ml’(T): Cte 0 ’ (5)
3 H
fo b*(D)dD D3(H,T)=af| —|T~a 1+a—)T, 9
H, H,

whereDg(T) is the particle blocking diameter at temperaturewherea is the coefficient of Eq(7), @ a numerical constant.
T. Cte is a parameter independent of the particle szee  The ZFC curve fits are presented in Fig. 8. A linear extrapo-
=2 if clusters have a uniaxial magnetic behavior and 3lation to uoH=0 T also givesa~3.5 nn¥/K and an anisot-
— /3 if they have a cubic magnetic one. In order to rule outropy constant of 2.6 0.3x 10° erg/cn? for the same numeri-
this Cte, we plot the ratio cal values as above. We found a similar result for the second
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one two “magnetically
LI “magnetically dead” monolayers

] dead'
] / monolayer

magnetic magnetic
core core

F=3 Afs Fyo=5 Afs

- (@) (b)

FIG. 9. (a) Expected magnetic structure of cobalt clusters em-
bedded in a niobium matrix, we find one magnetically dead cobalt
0 bttt 1 monolayer (2 3.5 A in diameter for a Fy,=3 A /s deposition

0 20 40 60 80 100 120 140 160 rate, (b) two magnetically dead cobalt monolayersX3.5 A in
T (K) diametey are found forFy,=5 A /s.

duction heating under argon atmosphere with 40%-Co and

I I I I
% _\i g 60%-Nb atomic weights. From classical x-ra26 diffrac-
34 L h tion (\=1.5406 A, we identified theg3 phase given by the
Q [ \L (b) ] binary phase diagram: @db,. From VSM measurements on
o 32 L ] this sample, we found a remaining paramagnetic susceptibil-
§ L K ity xy=10"% (for 2<T<300 K) corresponding to the
= 30F { . “Pauli” paramagnetism of the sample. This feature could
E“’ - T N . explain the “dead” layer at the cluster surface. Giial
= 28 \ 7] obtained two “magnetically dead” cobalt monolayers on
= [ ™ ] cobalt-niobium multilayers evaporated by a rf-dual-type
s 26 {\ N . sputtering methodmagnetically dead layers were also sug-
24 3 \% ] gested by Mhgeet al>® for Fe/Nb multilayers Finally, we
B S T B B can underline the fact that the preformed cobalt clusters by
010° 5107 110° 1.510° 2107 25107 LECBD technique are very compact nanocrystallites which

u H (T) conserve a magnetic core even if embedded in a miscible
0 matrix. The existence of a magnetically dead layer at the
cluster-matrix interface may reduce surface effects compared

plied fields: (a) 0.002 T, (b) 0.005 T,(c) 0.0075 T,(d) 0.01 T, (e) EVSQ rfce”t rte%.‘ll.ts ‘(’jb.ta'”eld on zgngﬂef C‘zpa'ttpg”'d@‘
0.015 T,(f) 0.02 T.(b) Fits (continuous linesallow us to deduce atomsstabilized in polymers. The estimated mean an-

af(H/H,) [D3(H,T)=af(H/H,)T] and then the anisotropy con- 1SOtTOPY constant might correspond to cubic magnetocrystal-
stantK o ¢ line or shape effects. To confirm this assumption, works are
eff-

in progress to investigate the magnetic properties of a single

sample with a niobium evaporation rate of 5 A /s. Finally, Weﬁli:zfr in a niobium matrix using a new micro-SQUID tech-

experimentally found an anisotropy constant close to the one One can also mention that for XMCD signals detected

of quasispherical fcc cobalt clusters. from the total electron yield method, the extraction of quan-
titative local magnetic values from the applicability of the
V. DISCUSSION individual orbital and spin sum rules is in progréédlever-
theless, one can mention a small enhancement of the orbital/
The “magnetic size” distribution is Compared to the one Spin magnetic moment rat%_ Such increase m|ght come
obtained from TEM observations of pure Co clusters prefrom the orbital magnetic moment enhancement expected for
pared in the same experimental conditidsee Fig. %)].  small particle?’ Systematic XMCD studies on clusters as-
For all the studied Co/Nb samples, we systematically find &empled CoX films should be performed on Si-protected

global size reduction which might be related to the formationayers under synchrotron radiation to confirm these results.
of a nonmagnetic alloy at the interface as suggested by EX-

AFS simulations. The most significant parameter in the mag-
netically dead alloy thickness seems to be the rate of depo-
sition of the niobium matrix Fyp). As an example, we We have shown that the magnetic properties of nanopar-
mention that forFy,=5 A /s, the reduction is twice the one ticles can be evaluated unambiguously if we know the size,
for Fyp=3 A /s [see Fig. ®)]. That result suggests the the shape, and the nature of the interface. This latter is given
model proposed in Figs.(8& and 9b). As cobalt niobium by EXAFS spectroscopy. We summarize the main results:

FIG. 8. () ZFC curves(black dot3 taken for six different ap-

VI. CONCLUSION

forms a miscible systertl, we show that the mor€&, in- (i) The mean-like-bulk Co-Co distancdd,_c,=2.50 A
creases, the more the quantity of Nb atoms introduced at theoncerns the 3/4 of the atonisamely, the core atoms
cobalt cluster surface increases. (ii) Co-Nb bonds are located on roughly one monolayer at

To study the magnetism of the perturbed monolayers athe surface of the Co clusters embedded in the Nb matrix.
the interface, we prepared a cobalt-niobium alloy using in- Even though this interface is rather sharp, it is of impor-
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tance since the interface thickness is on the same order oblved in so low dimension magnetic nanostructures, XMCD
magnitude as the cluster radius. In addition, some magnetimeasurements at the @g-; edge have to be provided on a
properties were approached by different complementarfCo/Nb bilayer stackingalternating two monolayers of Co
techniques as VSM magnetometfgt temperatures higher and two monolayers of Nbwith the same Nb-deposition
than 8 K and XMCD signal detected by the fluorescencerates as in our systems.

yield method(at temperatures from 5.3 to 30) Kinder a
magnetic field. We show the good result coherence on the
superimposed range €8T <30 K) for both techniques prob-
ing the whole thickness of the sample. The main result is the The authors would like to thank M. Negrier and J. Tuail-
possibility of a magnetically dead layer at the interface Colon for fruitful discussions, C. Binns from the University of
Nb, to relate to the alloyed interfa¢kom EXAFS measure- Leceister, United Kingdom and J. Vogel from the Labora-
ment$ and to the moderate anisotropy val(ieund around toire Louis Nel at Grenoble, France for their help during the
2x10° erg/cn?). To confirm this assumption and to under- first XMCD tests on the ID12B line of N. Brookes at the
stand the role of the interface on the anisotropy terms inESRF in Grenaoble.
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