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Epitaxial growth of Fe on a stepped @u1) surface leads to the formation of fcc Fe stripes along the step
edges for coverages lower than 1.5 monolagdt ). Using the sensitivity of the x-ray magnetic circular
dichroism and sum-rule analysis, the changes in the magnetic properties in the low thickness rangg%om
of a monolayer to 4 ML, covering the one-dimensiofHD) coalescencé~0.8 ML) and the 2D percolation
limit (~1.5 ML), have been determined. The determination of the spin monmegy.X indicates significant
features which can be correlated to the morphological transition. In particulamgfedecreases at the 1D
coalescence limit, but increases as the film reaches the 2D percolation limit and starts to transform into the bcc
phase. This behavior is tentatively ascribed to the decrease in the Fe atomic volume, as it is well known that
such changes can dramatically modify the magnetic propertigske.

[. INTRODUCTION whole thickness range of interest fgfFe. In particular, be-
low 0.8 ML, Fe essentially forms clusters of low spatial ex-
The constant demand for higher storage density in théension (fewer than 3000 atoms per clustewhile in the
magnetic device industry has resulted in an increasing intereoverage range from 0.8 ML te-1.5 ML, Fe forms 1D
est in nanostructures. In order to produce nanoparticles withtripes(1-2 ML high) whose width increases with coverage
high magnetization and stable properties, the basic physics aintil the 2D percolation occurs-1.5 ML). These results, on
these particles needs to be understood. In this context widae growth morphology, come from the STM experiments of
have studied Fe nanostructures obtained by taking advantadrefs. 2 and 3. Two different kinds of effects are expected:
of the self-organization of Fe on CLL1). the size effects due to the more atomiclike behavior and low
In recent years, many investigations have been made osimensionality of such nanostructures, and the structural ef-
the structural and magnetic properties of face-centered-cubfects. Indeed, an interesting feature pfe is that its mag-
(fcc) y-Fe films grown on a Cu substrate. This interest isnetic structure strongly depends on its lattice constant. Gen-
mainly due to the fact that the Cu substrate allows the fcerally, for y-Fe theoretical models predict a larger magnetic
phase of Fe to be stabilized at room temperat(Rg), moment per atom as well as ferromagnetic ordering as the
whereas for bulk fcc Fe this phase only appears at a temperkattice parameter is increased. However, low-spin ferro-
ture in excess of 1186 K, which is above the Curie temperamagnetism, nonmagnetic, and antiferromagnetic phases are
ture. The majority of this work was more concerned with thealso predicted.’ Until now, there has been little experimen-
properties of the two-dimension&D) Fe films! However, tal evidence for the existence of different ferromagnetiee
taking advantage of the decoration effect of Fe growth orphases. For instance, in Refs. 8 and 9 the authors demon-
Cu(111), Shenet al. have recently managed to produce 1D strate the possibility of growing-Fe on C¢111) in a high-
Fe stripes on a stepped @d1) substraté: It has been spin phaséwith a total magnetic moment close to .2 per
found, by scanning tunneling microscof§TM), that in the  atom using pulsed laser depositigf?LD) while the films
submonolayer range the deposited Fe atoms form parall@btained using thermal depositioffTD) give a low-spin
stripes along the step edgéstep decoration The magne- phase. The different magnetic properties are explained by the
tism of the stripes has a superparamagnetic nature that dfferent film morphologies and structures induced by the
distinguished from that of a 2D ferromagnetic film mainly by different growth kinetics involved with these two techniques:
its time-dependent remanent magnetization. At variance witlhayer by layer for PLD and 3D growth for TD. From this
what one would expect, no in-line anisotropy due to the spinexperiment it appears that very small changes in the lattice
orbit interaction has been observedctually, above~0.3  parameters can indeed lead to different magnetic properties
ML [the lowest coverage investigated by the magneto-opticand that such small structural changes can be expected at low
Kerr effect (MOKE) measurements of Refs. 2 and, Fe  coverage, for instance at the 1D coalescéfice.

films behave similarly to films grown on Cld1), with an This is not exactly the case for the system Fe&AD0)
out-of-plane magnetic anisotropy until the bcc phase transwhere a high-spin phase is also observed inee thick-
formation occurs at-2.5—3 ML. ness range, but is associated to a tetragonal expansion lead-

The aim of the present study is to obtain a comprehensiving to a fct phase rather than to a fcc structtirtndeed, up
understanding of the magnetism of nanoscale Fe structurée 4 ML, a high-spin phase is observed in correlation with
deposited on a vicinal Gi11) [Cu(111)-vic] substrate. Go- the fct structure. The spin moment is confined to a range
ing from a few percent of a monolayer to 4 ML, we cover thebetween~2.3ug and ~3.3ug according to different x-ray
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FIG. 1. Scheme of the geometry of the experimental setup. The 700 720 740 760 780
magnetic field is aligned with the direction of the light(obtained Photon energy (eV)

by rotating the samp)ds the angle between the magnetic field and )

the normal to the sample surface. When 0, the light is along the FIG. 2. Typical XMCD spectra for a coverage of 0.13 ML of
sample normal. The direction of the monatomic steps on thd€/CU1ll)-vic (total electron yield modew . andu  correspond,
Cu(111) substrate is also indicated. respectively, to the absorption of left and right heliditgiking the

direction of the magnetic field as the quantization pxi$his mea-

. . . . surement has been done at normal incidence@°), T=20K and
magnetic circular dichroism(XMCD) measurements, H==*4T. The variablep and g on the integral of the XMCD

Above 4 _ML, a phase tran_sformatiqn takes place and °”|3éigna| indicate the values used in the sum rufee text
the two first planes are still fct while the rest of the film

becomes fcc. At correspondence with this phase transition, ) . . )
the net magnetization decreases and then remains constd@f€ Wwidth is about 10 nm. The crystallographic quality

until the bce phase transformation occurs around 11'#L. of the sample was checked with low-energy electron diffrac-
These different experimental results illustrate the comtion which exhibited the sharp(1x1) pattern. The mor-
plexity of accurately determining thin-film magnetic mo- phology of the surface was checkex situusing an atomic-
ments and show the importance of utilizing a very sensitiveforce microscopy in air. Although this technique does not
probe. In this context, XMCD appears to be a well-suitedenable characterization with good atomic resolution, it is suf-
tool. Indeed, aside from its element specificity, its high senficient to check the film’s step morphology. The Fe films
sitivity makes it ideal to study submonolayer-thick Fe films.were prepared in the analysis chamber from an iron wire
Moreover, with the help of sum rules XMCD allows a quan- (4 N purity) heated bye-beam bombardment. The sample
titative determination of the spinnis,) and the orbital was kept at 280 K to minimize interdiffusion proces&es.
(M) Magnetic momentS**We have obtained these quan- puring the measurements, the temperature was always below
tities for nanoscale Fe clusters and 1D Fe stripes. As ShOWRT. The Fe thickness was deduced from the Fe edge jump.
below, our measurements confirm the out-of-plane magnetighe vajidity of this method was preliminarily tested with Fe
anisotropy for very low coverages and show the existence ofims calibrated with Auger electron spectroscopy, low-
two low-spin phases with different spin moments:1.4ug  energy electron diffractiolLEED), medium-energy electron
below 0.8 ML and 0.fg above, before the film undergoes jffraction (leading to amplitude oscillations of the specular
its fcc to bee phase transformation. beam with the filling of each layer in a similar way to reflec-
tion high-energy electron diffraction experimefijis and
checked with a quartz microbalance. The LEED allowed us
to confirm the critical thickness of the fcc to bcce structural
The measurements were performed at beamline ID12B dfansition(~2.5 ML). The consistency of our overall thick-
the European Synchrotron Radiation Facility in Grenobleness calibration was further confirmed by the determination
using 90% circularly polarized light from a helical undul- of the Curie temperatureT¢) and of the blocking tempera-
ator. The magnetic characterization and the thin-film growtture (Tg) of our films for the lower coverages as we will
were performedn situ in an ultrahigh-vacuum 7 T super- demonstrate in the next section.
conducting magnet chamber with a vacuum better than Our XMCD measurements are based on the circular mag-
5x10 mbar and a temperature range going from 6 tonetic dichroism at the Fé&, 3 absorption edges. When the
320 K. The applied magnetic field is aligned with the photonphoton energy is swept across the spin-orbit-dpjiandL ,
propagation vector and spin direction, as shown in Fig. 1. Byedges, core electrons are excited into unoccupdaédence
rotating the sample by an angje(see Fig. 1, we can mag- states. The spin conservation in the absorption process aligns
netize the sample from perpendicular to in-plane geometryhe spin of the § core hole with that of the emptyd3orbit-
allowing angular-dependent measurements. The samphds. Strong spin-orbit coupling in the core shell leads to an
preparation, consisting of cycles of Aisputtering and an- x-ray-absorption spectroscogXAS) signal which depends
nealing at 700 K, was done in an independent chamber. Onaan the relative alignment of photon spin and sample magne-
clean, the sample was transferred, without breaking théization. This can be seen in Fig. 2, where typical XAS spec-
vacuum, to the main chamber for Fe deposition and analysi¢ra are shown for a Fe coverage of 0.13 ML. The spectra
The copper substrate had a miscut of 1.2° with respect tavere obtained at normal incidence by reversing the direction
the (111) orientation. The surface steps were aligned alongf the magnetic field l==*=4T). The XAS spectra were
the[011] direction with a(001) microfacet. The average ter- taken by measuring both the total electron yield and the total
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fluorescence yielddetected at 90° to incident beamnal-
though only the former is generally directly proportional to
the absorption cross sectibhThe XMCD spectrum is the
difference between the two XAS spectra recorded with op-
posite orientation of the magnetic field and the helicity of the
light, which we will call ., andw _ for simplicity. w, (w_)
corresponds to the absorption coefficient of (gifght) circu-

larly polarized light taking the direction of the magnetic field
as the quantization axis. Two important magneto-optical sum
rules have been derived to deduce the orbital and spin mag-
netic moment from the XMCB3* Using the same notation

as Ref. 18, we can write for the, ; edges 2 A1 0 1 2

Magnetic field (T)

T=300K

ettt T=100K

L, intensity

—4qNy
Morb™ 3r (@) FIG. 3. Magnetization curves at different temperatures for a
coverage of 0.6 ML Fe/Gd11)-vic. At T=30K we observe a re-
—(6p—4q)N;, manence which indicates that we are below the blocking tempera-
mggmzf, (2 ture, and aff =300 K the saturation has already dropped, implying

that we are just aboveé. .

wherep andq are, respectively, the integral oveg and over

(Lz+L,) of the XMCD signal(given by u, —u_), r is the ~ vanishing of the magnetization at saturatid@»>T., Fig. 3,
integral of the “white line” intensity of the magnetization top curve and the latter by the appearance of remanence
averaged absorption cross sectign,(+ 1 _) (to separate the (T<Tg, Fig. 3, bottom curve

“white line” from the continuum, a simple steplike func- ~ The magnetization curve is obtained by monitoring the
tion was subtractéd), andNy, is the number of holes in the intensity of thel.; absorption edge as a function of the ap-
3d band.mggm counts for the effective magnetic spin mo- Plied magnetic field®?3 The results for 0.6 ML Fe/Gd11)

ment as it includes a dipolar term; describing the anisot- at three different temperatures are s_hown ?n Fig. 3. The three
eff _ phases are clearly seen and for this particular coverage we

ropy of the spin moment: mgy=ms+7my. In practice, one , N ~raps
should correct the data for saturation effects which can in€Stimate Tc=(280+20) K and Tg~(80=20) K. Another

troduce some artifacts, but as we are working with very loyParameter which can be deduced from the magnetization
coveraggbelow 4 ML) these corrections are negligiBfeN,, curves, in the superparamagnetic phase, is the cluster size.
is in principle unknown although it can be estimated from!ndeed, it has been shown in several experiments on Co clus-

H ,24,25 : :
band-structure calculations. In the case of bce Fe, a value's dePO-::'ted ona fAﬁlD substrat€®**“that a fit with a
close to 3.39 is found to give good agreement betweefr@N9€VIN function of the magnetization,
theory and experimenf However, since we are only inter- NLH NH | 1
. . - m m
ested in very small fcc structures, we will mostly consider M(H)occotl-< a )_( a ) , 3)

magnetic moment per hole, i.en,,/N, andmg Ny, 2 KT KT

whereN is the average number of atoms per clustelis
the magnetic moment per atom, akds the Boltzmann’s
constant, can give satisfactory results Ig<T<T.. The

To make sure that we have reproduced the film morpholmagnetic moment per atom is deduced from the sum rules as
ogy of the previous experiment by Shenal,>*we compare explained in the next sectionm= Mgpint M) . One - still
some magnetic critical parameters suchTasand Tg. Be-  needs to be cautious with this method, as in the case of a
low the 2D percolation, the Fe/ClL1) system is character- nonuniform size distribution it tends to overestimate the av-
ized by a superparamagnetic phase. This magnetic phasedsage cluster size as demonstrated by STM in Ref. 25. Once
like a paramagnetic one, except that the basic element is the clusters have coalesced to form 1D stripes, spin blocks
spin block with parallel spins alignment and is thus a giantare formed with dimensions smaller than the actual size of
magnetic moment, and due to thermal activation there is nthe structure, demanding a more complex descriftiaa.in
long-range ordelT - corresponds to the disappearance of theour case we do not have a regular distribution, either in size
magnetic ordering inside each block, ahgl, which is par-  or in patterning, we will only use this method to obtain an
ticular to the superparamagnetic phase, can be defined as thader of magnitude of the average number of atdwgsper
temperature below which the anisotropy barrier between opeluster and only for the thickness range below the 1D coa-
posite magnetization directions cannot be exceeded by thelescence.
mal spin fluctuations. A preferred spin direction is then se- In Fig. 4, we show the parametefs, Tg, andN, de-
lected by an external field, leading to a nonzero remanenduced from our experimerisolid symbol$ and from Refs. 2
macroscopic sample magnetization. However, in contrast tand 3(open symbols The good agreement between the two
ferromagnetism, this remanence decays in time, with a timeets of data, for similar experimental conditiqesaporation
scale depending on the temperature. Both and Ty are  rate, vacuum, magnetic-field sweeping rate )etconfirms
characteristic of the coverage and morphology and can easitjpat we are growing Fe nanostructures with a similar mor-
be estimated from the magnetization curve: the former by th@hology to those studied by Shet al?® The expected de-

IIl. SAMPLE CHARACTERIZATION AND DATA
TREATMENT
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Coverage (ML) gives my,,=(0.032-0.003)ug/hole and (ns,—mb)=(0.013

+0.003)ug /hole. (The measurement has been performed below

FIG. 4. Curie temperaturecircles, blocking temperature the blocking temperature with a magnetic field sufficient to saturate
(squares and average number of atoms per clustéangles as a  the samplg

function of the coverage. The open symbols correspond to similar

measurement done by Shenal.in Refs. 2 and 3. coverage. This phenomenon, discussed later, is correlated to
) the increase of the orbital moment as the film's nominal

crease ofTg is now measured down to very low coverages,thickness is reduced and the film becomes more atomiclike

resulting in a value offz equal to 30 K3 for the lowest  (Fig. 6). The increase of the scattering of the,, data at

coverage at (0.080.01) ML. These measurements confirm very low coverages is due to the higher sensitivity of this

the observation made by Shenal. that for coverage below variable to any experimenta] noise as Compared’nggm_

0.3 ML Tg should be below 50 K. This behavior means a|ndeed, as seen in the sum ru[&ss.(1) and(2)], myy, only

reduction of the absolute height of the anisotropy barrier, butiepends oy, which is the integral of the XMCD signal over

actually the anisotropy energy per atoB,<kTg/Na  thel, andL, edges, whilemgy, is dominated byp, which

increase¥ (because the decrease Bf is slower than the results only from the integral over the; edge.

decrease oN,) when the cluster size is reduced, i.e., atlow  Figure 6 shows the variation af,,,/N;, and Mgpin/Np

coverages. This increase is further underlined by the angleyith the coverage. To derivagyi,/Nj, we have to isolate in

dependent XMCD, taken beloWg and obtained with a mag- - m&f /N, the contribution from the magnetic dipole termg .

netic field sufficient to fully saturate the sample, which al-This term arises from the anisotropy of the spin density

lows a determination of the anisotropy k. within the Wigner-Seitz celf and therefore could represent
For each film the incidence anglg i.e., the angle be-

tween the incident light and the surface normal, was varied 0.05
from 0° to 60° in 15° steps, with the rotation axis being
perpendicular to the step directi¢see the scheme of Fig).1

At each angle we applied the sum rules on the measured
XMCD spectra and systematically found larger values for the
orbital moment at normal incidence compared to grazing in-
cidence (/=60°). According to Refs. 2 and 3, no magnetic
anisotropy was observed in the longitudinal geometry by
MOKE. For very low coveragébelow 0.3 ML, we can
reasonably assume the same since for these coverages the
steps do not break the symmetry and the Fe film has the
fcc(111) symmetry. Assuming uniaxial anisotropywe can
compare our experimental data with the model of Bréfho,
who suggests that, for a completely filled majority band, the

0.04 iD 2D  fccto bee ]
0.03

m_, per hole (u/N,)

m,, per hole (p/N,)

: . . 1 F———r————r———————]
3d orbital magnetic moment varigat the lowest ordgras ° 0 1 2 3 4

Coverage (ML)

mgrb: mérb“" ( mﬂ)rb_ mérb)Sinz Y (4)

wherem(, denotes the orbital magnetic moment measured at FIG. 6. Orbital() and spin magnetic momett) per hole as a

the andley. andm-. andm'.. are. respectivelv. the orbital unction of coverage. The solid lines are guides for the eye. The
g'ey, orb O”’d ! pd' | y: d el dashed lines correspond to the values for the magnetic moment

magnetic moments measured perpendicular and paralle Ebmmonly accepted for bulk bcc Fe. The arrows on the top scale at

the easy axis of magnetization. Figure 5 shows the goog g 15 and 2.5 ML correspond, respectively, to the approximate
agreement between our experiment at 0.13 ML of Fe and thg,yerage where the Fe starts to coalesce into 1D wire, reaches the
theoretical prediction. The anisotropy of the film, character-p percolation, and undergoes the fec to bee phase transformation.
ized bymy,,—my,,, has the same qualitative behavior as the(all the measurements have been performed below the blocking

anisotropy energy per atof,, i.e., it increases at very low temperature with a magnetic field sufficient to saturate the sample.
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a significant contribution for a low-symmetry crystal envi- 0.12 A SER .
ronment or a large spin-orbit splitting in the valence bahd. 010_" 1D 2D foc to bee
In our case, the cluster morphology is likely to lead to non- £ ’
negligible values fom; . Hence, we follow the arguments of “’E‘% 0.08
Stohr and Kanig developed in Ref. 28. They demonstrate e i
that for 3d metals the effect of spin-orbit coupling on the g 008 F;TL m,/m,, (Fe,.)
magnetic dipolar term is weak and the spin moment is iso- 0.04 bt T
tropic to a very good approximation. Therefore, in the case
of uniaxial anisotropy we hav\+2m+ =0 and sincan? is 0.02% 1. T T 1
expected to vary similarly to the orbital moment, i.e., Coverage (ML)
mY=ms + (m— ms)sir? y, (5) FIG. 7. mo,/mE as a function of the coverage. The solid line

is a guide for the eye. The arrows on the top scale at 0.8, 1.5, and
2.5 ML correspond, respectively, to the approximate coverage
where the Fe starts to coalesce into 1D wire, reaches the 2D perco-
lation, and undergoes the fcc to bce phase transformathdhthe
measurements have been performed below the blocking tempera-
ture with a magnetic field sufficient to saturate the sample.

we can write
_ R S
mgff—spin_ (mspin_ 7my)+ 5 my sir? Y- (6)

This relation allows us to derive for each coverage the con
tribution of the spin moment plotted in Fig. 6.

As already stated in the Introduction, the Fe film under- ] ) .
goes a phase transition from fcc to bee around 2.5-3 MLfor 3d metals the anisotropy energy is proportional to the
Actually, bce nucleation can appear early in the growth, bu@nisotropy of the orbital moment. If we use our values of
only dominates above a coverage of 2.5 RMLThis struc- (Mg~ Mgy to make a rough estimation of the anisotropy
tural phase transition is evident in Fig. 6 by the increase ofnergy using Bruno’s formalism, we obtaif0.6 meV/atom
both my,/Np and mgp,/Ny, above 1.6-1.8 ML. Indeed as fo_r the lowest coverage, which is in very good agreement
bce Fe is expected to have larger moments than our medtith Bruno’s calculation for an Fe f¢t1l) layer giving
sured values at-1.5 ML, this increase only means that the —0.61 meV/atont? If we go to higher coverages just below
bce parts contribute more and more to the magnetic signdhe 2D percolation, this value goes down-t6.2 meV/atom,
until the film is fully transformedaround 3 ML), where the Which can be explained by the relative decrease of the atomic
magnetic moments reach the common values for the bulk bcgites with lowest coordination with increasing coverage.

Fe, i.e.,Mgyin/Np=0.58ug andmg,/Np=0.02ug .*® A simi- We now discuss the behavior of the spin magnetic mo-

lar behavior is seen using MOKE measurements for the cag@ent below 2 ML. Indeed, despite the uncertainty in the
of Fe on a flat C(111) substrate. Nevertheless, the mostdetermination of both the moment and the thickness, two

intriguing feature in Fig. 6 is the clear decrease of the spirflifferent regions can be clearly identified on either side of
magnetic moment per hole around 1-1.4 ML, which is re-0.8 ML, which correspond to the coalescence of the islands

lated to a magnetic phase transition of e as we will  into 1D stripes. It is important to note that this effect is also
discuss in the next section. seen in the raticR=m0rb/m§{,fin as shown in Fig. 7. This type
of analysis, which is less sensitive to errors, confirms
IV. DISCUSSION the results of Fig. 6. However, it is more difficult to inter-

pret as the variations ahg;, and m,,, are no longer sepa-

Modifications in the film morphology and the film struc- rable. According to Fig. 6, below 0.8 MLmg,./Ny
ture usually have strong influences on the magnetic mo~(0.40+0.05)ug per hole and above this coverage
ments. We have already shown that the fcc to bcc phaseng,,/Nj~(0.20+0.05)ug per hole until the bce phase starts
transformation results in an increase of batg,,/N,, and  to appear at~1.8 ML. If we want more quantitative values
Mgpin/ N towards their bulk values. On the other hand, thefor the magnetic moment, we have to assume a num-
increase ofm,,, at very low coverage is more likely to be ber of holes,N;,, in the & band. For bulk bcc Fe, an
due to size effects. Indeed, it is well known that a moreaverage of different band-structure calculations gives
atomiclike structure, such as a surface or a cluster, leads ton,, = 3.3927:3233|f we suppose some charge transfer from the
narrowing of the 8 band which enhances the orbital Fe to the Cu, induced by the fcc structures or the cluster
moment?® Ascribing the increase ah,,, to the edge atoms, morphology, then we can reasonably say that this should not
we use a simple model for the island growth: rectangulaexceed 0.5 holes. Usually the theory predicts an increase of
islands with only the length increasing during the growth, N, towards the surface as it is more atomiclféegut XAS
the widthw is assumed to be constant in our approximation.experiments on Ni/C®01) found a decrease 0.5 hole&*
In this model the number of edge atoms is proportional toand likewise theoretical worR predicts a very small de-
+w and the number of surface atomshia We deduce a crease(~1%) for Fe-Cu multilayers. In summary, we can
factor ~50 betweemm,,, for the edge atoms and,,,, for the  assume that the number of holes is equal to 3.4 with
surface atoms, i.emS99%0.5ug. This result is reasonable an uncertainty of 15%. With this value we can now say
as for a free Fe atorm,,=2ug. This behavior has been that for a coveraged<0.8 ML, mg,;=(1.4=0.2)ug and
experimentally observed in several systeths. for 0.8 ML<d<~1.5ML, mgy;;=(0.7=0.2)ug. The latter

Since the anisotropy is correlated to the orbital mag-value is consistent with previous measurements using a tor-
netic moment, it also shows an increase belsw.2 ML.  sion magnetometer on copper capped F€EICY (Ref. 39
Bruno has demonstrat&din a perturbation picture that films (0.58+0.13ug) and the work of Sheet al>3 To our
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knowledge Mgpin=(1.4%0.2)up has only been measured for change are limited as the modifications of the lattice param-
y-Fe in a Cy10 A)/Fe(0-35 A/Ni(50 A) wedged sampl&>  eter are expected to be smait0.5% and the coverages are
In this work a spin phase transition is observed for an Fes0 low that only grazing incidence x-ray diffraction might be
thickness of 10 A, and it is also ascribed to a change in th@ble to reveal the structural changes.
fce crystallographic structure.

. If we look at the calpulations of the magn_etic phase V. CONCLUSIONS
diagram versus the lattice parameteee, for instance,
Refs. 5-7, they all predict, among others, ferromagnetic Using XMCD we are able to investigate the quantitative
phases with different high-spin and low-spin values. Usingmagnetic properties of Fe nanostructures deposited on a vici-
the results of these theoretical models, if we suppose thatal Cu(111) substrate. We extend the understanding of this
the Fe overlayer assumes the lattice parameter of fcc Csystem to the very low coverage range and confirm the out-
(acy=3.61A) or of bulk fcc Fe §r.=3.59A), we find two  of-plane anisotropy even for very small clusters. In the same
kinds of low-spin magnetic moments, with values of way we find the expected increase of the anisotropy energy
~1.5ug and~0.4ug, respectively. So one can imagine that below ~1.5 ML and our estimated values are very close to
at the very beginning of the growth, when the deposit esthe ones predicted by theoretical predictions. The most strik-
sentially forms monolayer islands, Fe assumes exactly thing result is the observation of two low-spin phases below
lattice parameter of the Cu substrate, i.e., 3.61 A, withand above 0.8 ML, corresponding to the coverage at which
Mepi~ 1.5u5 . However, once the islands start to coalesce tacoalescence of the clusters into 1D stripes is observed. These
form the 1D stripe, the strain is relaxed. When this coalestwo magnetic phases are tentatively ascribed to structural
cence is complete, at (0t8).1) ML, the whole Fe film as- changes during coalescence. The Fe clusters, which are
sumes its equilibrium fcc atomic volume, i.ez=3.59A,  purely pseudomorphic at low coverage, undergo a strain re-
resulting in a lower value ofngy,. This proposed structural laxation so that the lattice parameter approaches the stable
relaxation could be sufficient to drive the observed change ificc Fe value.
the magnetic spin moment. Similar behavior has already
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