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Magnetic instabilities in fcc FgNi;_, thin films
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We present the results obtained on¥ig _, alloy films epitaxially grown on C@00. They are character-
ized by a fcc structure pseudomorphic to the substrate over a wide range of concentration and thickness. In
particular, the martensitic transition which in bulk alloys occurs around the “Invar” concentrati®o®.65) is
suppressed. We report the concentration dependence at low temperature of the total magnetic moment and of
its Fe-3d and Ni-3d projected components in such thin fcc,Re _, alloy films. Magnetic instabilities that
might be associated with noncollinear spin alignments of Fe atoms are clearly observedX@B, where the
magnetic moment decreases with increasing Fe concentration. In this Fe-rich concentration range the layers are
still ferromagnetic and a magnetic moment is still observed, even on Ni atoms and at room temperature, up to
x=0.86. We also show how the variation of the magnetization in this region is correlated with a very small
variation of the atomic volumé~1%).
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[. INTRODUCTION Many theoretical models have predicted the existence, in
FeMNi;_, systems, of stable or metastable states separated by
For more than two decades, the study of artificial systema very small total energy differenc¢enly 10 me\j but char-
such as multilayers and/or superlattices, as well as metalliacterized by different equilibrium volumes. However, the
ultrathin films deposited on appropriate substrates has bedransition from a HM to a LM phase as a function of tem-
attracting increasing interest. As the magnetic properties gberature has not so far received any experimental evidence.
thin films are very sensitive to the constraints imposed by thé/oreover, while there is a general agreement about the na-
substrate, the first challenge was to change the crystalldure of the HM state, the magnetic order in the LM state is
graphic structure of a system in order to favor the appearancgill controversial.Ab initio calculations done for the HM
of a magnetic order which is different from the one in thephase alf=0 K in the case of an ordered §¢i alloy, indi-
bulk. Indeed, the magnetic and the structural properties areate that the magnetic moments range fromuk.40 1.9ug
strongly correlated, especially in the case af #etals. for Fe and from 0.&g to 0.6ug for Ni.>"® The LM phase is
Many 3d compounds present magnetic-volume instabilitiespredicted nonmagnefi€ or magnetic with 0.5 on Fe and
characterized by  high-magnetic-moment—high-atomicno moment on NI:® More recently, the dependence of the
volume (HM) states and/or low-magnetic-moment—Ilow- total energy with magnetization and volume of fcgINi|g _
atomic-volume(LM) states. In many cases, the energy dif-alloys has been calculated as a function of concentratin.
ference between those states is so small that fluctuationst T=0 K, a HM ground state is found in the case of Ni-rich
between them become thermally accessible via low-energglloys, with a concentration dependence of its moment fol-
excitations This situation results in several anomalies of thelowing a Slater-Pauling curve. The energy difference be-
physical properties observed as a function of compositionniween the HM and the LM states decreases as the iron con-
and external parameters such as temperature, magnetic fielsbntration is increased. Above the instability concentration
and pressuréThe FgNi,_, alloys are considered as arche- where the HM and LM states are degenerate the ground state
types of this class of materials: for concentrations near is expected honmagnetic.
=0.65, the thermal expansion coefficient is very small in a The understanding of the magnetic behavior ofNte_,
wide range of temperatur@®—450 K). This is the so-called alloys is complicated by the fact that, as the Fe concentration
“Invar” effect.® The prevailing explanation attributes this ef- x is increased, a fcc-bcc martensitic transition takes place
fect to anharmonic lattice vibrations compensating the thernear the instability limit ofk=0.70. The change in the crys-
mal excitations between a HM ferromagnetic state and a LMal structure is accompanied by a strong downward deviation
state’* Similarly, the departure of the temperature depen-of the magnetic moment from the Slater-Pauling curve and a
dence of the total magnetic moment from a Bloch behaviorfast decrease of the Curie Temperatlige Simultaneously, a
in the Fg g Nig 35 Invar alloy, has been related to the exis- deviation of the lattice parameter from the Vegard law is
tence of almost degenerate HM and LM states. observed. It has been suggested that such behavior may be
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connected to magnetic-volume instabilities as well. a
Such a complication can be overcome by growing thin
FeNi;_, alloy films on an appropriate substrafelt has
been demonstrated that a fcc metastable phase can be stabi-
lized for x>0.65 if a FgNi;_, film is deposited on
Cu(100.1**Recently, we have also been able to confirm by
auger electron diffractiofAED) and x-ray photoelectron
diffraction (XPD) that 10-30 ML thick FeNi;_, films
grown on Cii100) conserve their fcc crystal structure at the
liquid nitrogen temperature, with no segregation of bcc
clusterst>®|t has been shown that a similar situation occurs

Cu FeNi

T = 300K +

even in the case of ENi;_,/Cu superlatticel’ Thus, by &3
using thin films epitaxially grown on copper, it becomes pos- et e e VP SR R ]
sible to considerably extend the investigation of the physical I ! ! L 10998 @

properties of fcc FNi; _, alloys in a domain that would not

be accessible with bulk samples. The exciting point is that
this domain is precisely the one where a crossover between
the total energies of the LM and HM states is expected.

In this paper, the possibility of magnetic-volume instabili-
ties already proposed in the literattftés carefully exam-
ined. First, the growth mode, structure and atomic volume of
the FgNi,_, flms were determined by using reflection high > =00 200 500
energy electron diffractiofRHEED), Extended x-ray ab- Deposition time (s)
sorption fine structure spectrosco{yXAFS), and x-ray dif-
fraction (XRD). Second, the magnetic properties of these FIG. 1. (a) RHEED pattern observed on the initial @00 sur-
films were investigated by using x-ray magnetic circular di-face and for 30-ML-thick F@Ni growth on Cu alond011] azi-
chroism(XMCD) and superconducting quantum interferencemuth and RHEED oscillations observed during the growth of
dev|ce(SQU|D) measurements. Fe;sNiys alloy film on Cu(b) at 300 K and(c) at 370 K.
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avoid interdiffusion at the interface with Cu. Their composi-
tion was fixed by varying the cells temperature, thus varying
All the in situ experimentqgrowth, structural, and mag- the evaporating rate of each element. The Fe and Ni relative
netic analyseswere performed under UHV conditions with a concentrations were directly determined from the growth rate
base pressure of the order of (1630 1° hPa depending and density of each element. AES and x-ray photoelectron
on the apparatus. The samples have been prepared and aspectroscopyXPS) were used to check the chemical quality
lyzed in several equipments: either at LURE in Orsay, at theof the films obtained and also to verifyposteriorithe rela-
LPM in Nancy, or at the ESRF in Grenoble. tive concentration of Fe and Ni in the alloys. The relative
error done on the concentration calculated from the Fe and
A Growth Ni flux or the spectroscopic techniques is about 10%. No
: oxygen contamination was found, although very small traces
It is well known that the bulk lattice constant of fcc of carbon are sometimes present on the surface.
FeNi, _, alloys varies between 3.55-3.59 A in the concen- In Fig. 1(a), we compare two RHEED patterns obtained
tration range 0.2 x<<0.7. CY001) was used as a substrate to along the[011] azimuth, respectively, for GLOO and for a
evaporate thin fcc R&li; _, films since, in this concentration 30 ML FgNi;_, film with 86% Fe concentration. As ex-
range, the lattice mismatch between the alloy and the Cpected, the surface structure of the alloy film is found to be
substrate is less than 2%. Two different kinds of substratepseudomorphic with the buffer layer. We have compared the
are used: a Q00 single crystal or a 300 A Cu buffer layer in-plane lattice spacing measured after the alloy deposition
epitaxially grown on a Mg@.00) single crystal. The first with the in-plane lattice spacing measured on the initial Cu
type of substrate is prepared by situ cycles of Ar" sput-  buffer layer surface in all the alloy concentration range re-
tering and annealing. The growth of the Cu buffer layers orported in this paper without detecting any difference. Fur-
MgO(100 has been the object of another stdflyThe thermore, as shown in Fig(l) in the case of the epitaxial
growth and/or annealing temperature have been optimized t@rowth of a FesNis film at room temperature, RHEED os-
obtain a buffer layer with a surface qualitsoughnesgthat  cillations were clearly observed, indicating a layer by layer
was comparable to that of the single crystal. growth mode up to at least 15 ML. No variation of the in-
Fe and Ni were sublimated from separate effusion or elecplane lattice spacing was detected during the deposititm.
tronic bombardment cells with typical growth rates from 0.3order to test any possible structural instability associated to
to 5 A/min, calibrated by using RHEED oscillations and/or small temperature variations, a similar experiment was per-
quartz microbalance located at the place of the sample. Thiermed using a 370 K growth temperatufég. 1(c)]. In this
alloys were grown at room temperatuBT) in order to  case the RHEED intensity oscillations rapidly disappear. As

II. EXPERIMENTAL
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no roughness was evidence on the RHEED pattern during all 1.0 T T
the deposition time, this broadening is probably due to a
progressive change of the growth mode by step flow. As for o8
former experiments, no in-plane lattice spacing variation is
observed at this growth temperature. A similar behavior is
observed for all concentrations (04%<0.9) and thickness
(up to about 50 ML investigated. From these RHEED re-
sults, we can safely conclude that there is no martensitic :
transition in the FeNi; _, thin films, in agreement with ear-
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RHEED is used to study the in plane structural quality of @ Photon energy (eV)

our films. The three-dimensional local environments of the 1.0 : .

thin alloy films have been studied by x-ray absorption near-

edge spectroscop)KANES) and EXAFS or by XRD. 08k
EXAFS. EXAFS and XANES spectra were obtained on &

alloy films grownin situ on a Cu single crystal at the DCI  § 061

storage ring at LURE. These experiments were performed, at g

80 K, at the Fe and NK edge. =
EXAFS is very sensitive to the local environment around S %41

a defined atom. The distinction between an fcc and a bcc g'

structure is thus straightforward since these structures, in §0-2-

FeNi alloys, differ both by the number of nearest neighbors

(NN’s) and by the lattice constant. Moreover, by using the 0.0 g

1 1
7100 7200 7300

linear polarization of the synchrotron light, it is possible to  (b) Photon energy (V)

separate the out-of-plane versus in-plane bond contributions
and to determine the in-plane and out-of-plane NN’s dis- FIG. 2. FeK edge XANES recorded at 80 Ka) for 5- and
tances Ri, and R,,). Unfortunately, because of the small 30-ML FgNi;_, alloys grown on C(100) (from top to bottomx
difference between the backscattering phases and amplitude®.8, 0.75, and 0)6and (b) for three bulk FeNi, _, alloys (from
of Fe and Ni, it is not possible to separate their contributiongop to bottomx=0.75, 0.65, and 0.45
to the local environment. We essentially used the experi-
ments at the Ni edge in order to obtain an extra check of thgerformed at the Laboratoire de Cristallographie de Grenoble
alloys concentration. (at grazing incidence and detection witk:1.5418 A and at
The in situ XANES and EXAFS experiments were per- the LPM (in the ¢-20 mode. Experiments were done on
formed on 5- and 30-ML-thick F&li,_, films deposited on 50-ML-thick FgNi;_, alloy films on Cu/MgO and for sev-
Cu(100) for three different Fe concentrations 80, 75, anderal concentrationsx=0.81, 0.75, 0.66, and 0.53. The
60%. In Fig. Za) the XANES spectra measured at thelce samples were capped by a 50-ML-thick Cu layer. The experi-
edge on these FeNi films are reported. For comparison, wenents at grazing incidence were performed to get tiid{
report in Fig. 2b) the same XANES spectra measured at 80peaks, and therefore the in-plane lattice spacing. A typical
K, at normal incidence, for three FeNi bulk polycrystals with diffraction pattern obtained for=0.75 is shown in Fig. &).
different concentrationg=0.75, 0.65(Invar concentration  The first peak ap=21.55° corresponds to @00 reflection
and 0.45. The magnetic phase diagram of bulk FeNi affoys,from MgO and the other one to(@00) diffraction plane of a
indicates the occurrence of a structural transition from fcc tssample with a fcc structure witlagyi,=3.608+ 0.005 A.
bce abovex=0.70. This transition is clearly seen on the The XRD experimental error is estimated.005 A from the
XANES spectra of bulk samples that are typical of either adiffraction peaks of the MgO substrate. It should be noted
fce structure for x=0.65,x=0.45) or a bcc structurex(  that the contribution from the Cu and FeNi film cannot be
=0.75). We do not observe the characteristic bcc spectraieparated. This means that the in-plane lattice spacing of Cu
shape in the absorption spectrum of the thin films, indicatingand FeNi films are equal. This is in agreement with RHEED
that the structure is fcc. These results show that no structurdii-plane lattice spacing measurement. The experiments in the
transition occurred in our thin films for the whole thickness 6-260 mode were performed on the same samples in order to
and concentration range we have studied. get the (001 distances and therefore the out-of-plane dis-
In the limit of accuracy of the EXAFS technique-0.02  tance. The spectrum corresponding tox€0.75 concentra-
A), no modification of the structure of the films is detectedtion is shown in Fig. &). Two distinct contributions are now
and the atomic volume variation we obtafflom 11.32 to  clearly visible in thg(002) diffraction peak, one is due to Cu
11.63 &) as a function of the alloy concentration is within and the other to FeNi. A Gaussian fitting of these two fea-
the experimental error bdb6%). tures leads to a constant out-of-plane lattice spacing for Cu
XRD. The structure of FeNi alloys was also studied, at(ac,=3.611+0.003 A), and to a FeNi lattice spacing which
room temperature, by x-ray diffractiofkRD) experiments varies between 3.59X € 66%) and 3.580X=81%). These

094414-3



E. FOYet al. PHYSICAL REVIEW B 68, 094414 (2003

@ 4000 the concentration dependence at low temperature of the
< MgO (200) a Fe-3d and Ni-3d projected contributions to the total mag-
g [ netic moment, XMCD measurements were performed both at
8 20001 the Fe and NL, ; absorption edges of thin i, _, films
£ Fe,,Ni,./Cu (200) (0.5<x<0.9). The thickness of the samplék to 20 ML)
> was chosen in order to ensure a high Curie temperailye (
] .. . .
; o >450K) and a sufficient in-plane magnetic remanence
20 along the(010) crystallographic axis. Similarly, the occur-
» 15000 rence of possible effects due to the interface with (€o-
’:é; hanced magnetic moments, perpendicular anisojropys
& reduced by using such large thickness. Let us note that, in
8 7500L this thickness range, XMCD is sensitive to the whole volume
< i of the sample and thus the surface of the alloy should weakly
= ¢l contribute to the spectra. This means that even small segre-
o A gation of Ni on top, or the presence of a magnetic live sur-
x 0 73 .- g‘(;‘ o face layer, should not affect our conclusions about the bulk
0 (deg) properties of the fcc alloys. The magnetic properties obtained
DT LT | 7P S FEAN AL R A in this way by XMCD are thus representative of the meta-
L Cu C 13
< 11l *\ ] stable fcc bulk phasg. _
E 110l +} \ % ; At ESRF, the XMCD experiments were performed at 10
2 T ] K in the remanence mode using the circular polarized light
Z 1.5¢ }\+ ] emitted by the helical undulator Helios(¢ircular polariza-
€ M4 ] tion rate~85%).2! The XMCD spectra were obtained at re-
§ M3 T manence by reversing the light helicity or by flipping the
45 50 55 60 65 70 75 80 85 magnetization of the samples with~&.5 T pulsed magnetic
Fe content (at.%) field. XMCD measurements at room temperature were per-

formed in the saturation mode on the SU23 beamline at
FIG. 3. XRD measurement taken at room temperature for 5Q yRE with a fixed circular light polarizatiofcircular polar-
FérgNizs ML/165 Cu ML/MgO(100) capped by 50-ML-thick Cu 7440 rate is~5296 and switching an applied magnetic
layer: (a) at grazing |r_10|denc<é>\=1.5418 A a_ngl(b) n th.e 020 field of 1 T. All the dichroic signals are obtained measuring
mode(A\=1.7889 A. Lines are the results of fitting by using Gauss- the drain current from the sample. They are normalized to
ian peaks(c) Evolution of the atomic volume obtained from XRD the intensity at the Fe and N, edgés calculated after back-

analysis on thin FNi, _, alloy films grown on C(00 as a func- . - .
tion of Fe concentration: black squgill) 50-ML thick (this study; ground removalthe method is the same as that described in

black circle(®), obtained from RHEED and LEED measurements Ref. 22, and corr_ected for the incomplete polarization_ an_d
for an alloy thickness of 6 MI(Ref. 18. the nonparallel alignment between the sample magnetization
and the photon spin. From general sum rdfeXMCD al-

values strongly depend on the fitting parameters and we maJQWS one to obtain the value of shell- and element—projected
expect an error of about0.01 A. We would like to stress Magnetic moments as soon as the shell occupancy is known.
that we did not detect any trace of bce structure or even any N Fe-3l and Ni-3d total magnetic moments can therefore
mixture of fcc-bee phases from these XRD data. MoreoverP® obtained assuming that the contribution of the magnetic
no experimental evidence for the possible growth of an ordiPole operatorT; is negligible, as theqret|caﬁ_§/ and
dered compound, e.g., i, is found. The calculated experimentall§? confirmed for 31 metals with cubic sym-
atomic volume deduced from XRD is reported in Fifc)3s metry. Moreover,'let us notice that the cha_lrge transfer be-
a function of the Fe concentration. Our results are similar tgWeen Fe and Ni is expected to be sniglfl This means that
the atomic volume variation obtained by Schumatrall®  the Ni- and Fe-8 occupation numbers should not exhibit a
from combined RHEED and LEED measurements on thickSignificant dependence on the concentration and/or tempera-
FeNi,_, films (6 ML). We can thus notice that there is no {Uré and thus we can safely use the occupation numbers
significant difference between a 6-ML-thick film and a found in the literature. The total Fed3and Ni-3d magnetic
50-ML one. The atomic volume of the sample slowly de-Moments were calculated using an occupation number of 7.4
creases by 1% as the Fe concentration increass ( electrons for Fe, as determined by fixed-spin-mon{ESiV))
=11.79+0.05 A2 for x=0.66 to Ver=11.65+0.05 A3 for band structure calculations for fcc ordereq;IFHe8 and 8.55
x=0.81). electrons for Ni, as experimentally obtained from Ni/
Cu(100 thin films?2®

In the following, | () corresponds to the photon inten-
sity measured for a propagating directi@mtiparallel to the

The Fe and Ni local magnetic properties are determinegdample magnetization. In Fig. 4, we show, as an example, the
by performing XMCD experiments both at the dragon beam-+typical absorption spectra obtained at 10 K at the Ni and Fe
line (ID12B) at the ESRHRef. 20 and at the SU23 beam- L, ;edges for a 10-ML-thick RgNizg sample. Following the
line of the Super-Aco ring at LURE. In order to investigate same method as in Ref. 22, we can define the fit parameters

C. Magnetism
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FIG. 4. XAS spectra ata) Fe and(b) Ni L, edges of ten
Fe;Nizg ML/Cu(100 at 10 K. 1™ (17) are the normalized XAS FIG. 5. (a) Fe-3d and(b) Ni-3d total magnetic moment&or-

spectra for(ant)parallel magnetic field light helicityl -1~ indi- rected to theM g/Mg ratio) variation as a function of Fe concentra-
cates the XMCD spectrum. The valupsq andr are the param- tion at 10 K, as derived by sum rules applied to XMCD spectra
eters needed in the sum rules analysise texx (experiments performed in remanepc&he inset presents the

Fe-d total magnetic moments versus Fe concentration at 300 K

(p, g andr parameters which allow the determination of (experiments performed in static figldines are guides for the eye.
both the orbital (n;)) and spin ;) magnetic moments.

Using the sum rules for the example shown in Fig. 4, theoms, as suggested from the8r. The variation of the Fe
following values may be deduced for the magnetic momentand Ni magnetic momentcorrected to theMg/Mg ratio)
(as soon as we normalize the XMCD intensities by the exwith the alloy composition is reported in Fig. 5. In the whole
perimental ratio we determine between the magnetization atinge of concentration, where the N, _, alloy films are in
saturationM g and at remanenck! g which is roughly equal the fcc structure, Fe and Ni atoms have a net magnetic mo-
t0 2.2: migcp=2.42+0.24ug/at. (m=0.11+0.02ug/at.  ment. The most striking result lies in the fact that, whereas
and mg=2.31+0.22ug/at.) andm)“é,'\,lCD= 1.61+0.15ug/at.  we observe a 44% decrease of the Fe magnetic moment, this
(m=0.20=0.02ug/at. and mg=1.41+0.13ug/at.). One decrease is only 29% on the Ni atoms. Lets us note that there
can notice that the value for the Fel 3nagnetic moment is no sudden change in the magnetic moments.
agree with those expected from the calculati®?§® and The room temperature behavior of the total magnetic mo-
measured on bulk Invar alloy, while on the contrary the Niment (myycp) on Fe as a function of the Fe concentration
3d moment is considerably higher than the value measuretk) is shown in the inset of Fig.(8). These results show that
in bulk Invar alloy?® The m,/ms ratio between the orbital the Curie temperaturesT{) of the studied samples are well
and spin contributions to the magnetic moment does not deabove room temperature, for instance, everxtei0.86 a net
pend either on the occupation number of tleBates or by magnetization is measured at 300 K. As a consequence, the
the reduction of the sample magnetization at remanencdehavior of the Fe-8 magnetic moments at 10 K, we ob-
This ratio can be obtained quite accuratedjthin 10% (Ref.  serve for 0.6x<<0.7, cannot be attributed to a decrease of
24)] by applying the sum rules to the experimental data. Fothe T., as it is the case for bulk ENi;_, alloys.
the Feg,Nizg sample(Fig. 4), m,/mg is equal to 0.0%0.02 The total magnetization of the FeNi alloys films were ob-
for Fe, which is identical to the value obtained in bulklike tained fromex situSQUID measurements performed at IP-
iron thin films?? and to 0.14-0.02 for Ni which is close to CMS in StrasbourgFrance, applying a magnetic field up to
the value obtained for bulklike nickel thin filnf8. The =5 T in the plane of the surface. SQUID was performed at
m, /mg ratio do not seem to vary as a function of the concen0 K on the thick(50-ML) Cu-capped FNi;_, (0.53<x
tration (not shown. This observation reinforces the conclu- <0.81) samples grown on the Cu/MgO buffer. In Fig. 6, we
sion that there is no charge transfer between Fe and Ni atompare the values of the average magnetic moments as de-
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3of — + — v T . T T T T tern in XRD that we never observed on any samples. From
our RHEED, EXAFS, XRD, and AEORef. 15 results, we
25- 1 can also rule out the occurrence of ferromagnetic bcc clus-
I ters, even if the formation of such bcc crystallites has indeed
20r - 1 been reported fox>0.741" Another hypothesis is that a
g 15l 02 ] magnetic ground state could be stabilized by a small tetrag-
= [ 5o01 onal distortiont® Indeed, the layer is in-plane constrained by
= 1.0_.5 00 i the substrate, but is free to contract or expand in the direction
L 3o normal to the surface. In Ref. 30, it is reported that a lattice
o5F 02 i constant variation of£0.5% corresponds to a 5% change of
T EWOSERE the Fe magnetic moment. As a consequence, the 1% varia-
o8 o 8 9 tion of the atomic volume observed both in this work and in
Fe content (at.%) Ref. 18, cannot explain the 44% variation of the Fe magnetic

FIG. 6. C ison bet the total i t det moments we deduced experimentally.
- ©. L-omparison between the tota' magnetic moment deter- o comparison between the concentration behaviors of

mined by XMCD (0J) (see Fig. 3 for detailjsand by SQUID mea- . - .
surements(O) (at saturation as a function of Fe concentration. the magnetic momentsn Fe and Ni (Fig. 5 and the atomic

SQUID experiments were recorded at 50 K on 5QNie_, ML/ VOI‘_"me[Fig' )], stropgly s.u_gges.ts the existence_ of mag-
165 Cu ML/MgQ(100) capped by 50-ML-thick Cu layer. Lines are Netic moment-volume instabilities in the concentration range
guides for the eye. The inset presents an example of SQUID hysarying from 60 to 80% of Fe which are characteristic of the
teresis loop measured on 50-MLdmsi;¢, showing the remanence Invar effect. We actually observe a decrease of the magnetic
to saturation ratio. moment correlated with a small decrease of the atomic vol-
ume. Moreover, most of the experimental results we report in
duced from the SQUID experiments performed at saturatiomur paper, particularly the weak atomic volume variation
(Mg) with those obtained from XMCD. As shown in the (1%) correlated to the decrease of the Fe magnetic moments,
inset of Fig. 6, the ratio between the saturatibhg] and the  which still stay in a stable ferromagnetic state, and the sta-
remanent M g) magnetization is exactly 2.2, which is almost bilization of the Ni magnetic moments, can be explained in
constant(within the experimental errpiin the whole range the framework of recent theoretical calculations made on
of concentration we investigated. When we correct theandom fcc FeNi;_, alloys and based on noncollinear spin
XMCD results by this factor both set of results become quiteglignments!*? (the spins are tilted from the overall magne-
consistent. Particularly, the continuous decrease of the totgization direction. Starting from a typical Invar system, i.e.,
magnetic moment is confirmed. Finally, it should be noteda random fcc FeNi alloy, the authors show in Ref. 31 that a
that the quite “good” agreement between the XMCD andferromagnetic HS ground state is associated to a high volume
SQUID results is an indirect validation of the numbers df 3 \yphile at lower volume the ground-state spin configurations
holes we used in the application of the sum rules. are in a noncollinear disordered state. The main effect is that
increasing the Fe concentrati@x), or decreasing the atomic
Il. DISCUSSION volume, continuously reduces the spin correlation between
) ) _ ) Fe-Fe nearest neighbors until the occurrence at highvai-
Since by using XMCD we obtained the magnetic mo-yes(or at small volumesof a random spin distribution. On
ments on both Ni and Fe atoms, our experiments give experthe contrary, for the Ni-Ni nearest neighbors sites, the spins
mental evidence that the magnetic moment on Ni, in th§emain essentially collinear and almost parallel with respect
whole concentration range, is large and even slightly highefg the sample magnetization. As a result, the average mag-
than the moment of bulk Ni. There are different mechanisms,etic moment of Fe atoms will decrease continuously to
that could explain the formation of such a stable ferromagerg, whereas the magnetic moment on the Ni sites should
netic ground state even in the concentration and temperatuigay more or less constant. This is exactly the situation we
range where, according to theory, a nonmagnetic groungyperimentally observe for the concentration dependence of

state could be expected. One possibility is that an ordereghe Fe- and Ni-8 magnetic moment in our fcc FeNi alloys.
macroscopic moment might result from fluctuations of the

local concentration of nickel and iron, which would result in
regions of the sample wherecould be small enough for a
HM state to be more stable. However, AES measurements
made on different regions of the samples with a spatial reso- In this paper, we confirm that thin Rei;_, alloy films
lution of ~1 um allow us to exclude the existence of such grow layer by layer on C.00) in the fcc structure. In par-
heterogeneities. Another possibility might be that an orderedicular, no formation of clusters with bcc-like structure is
Fe;Ni phase(which is predicted to be ferromagnéficco-  evidenced both by RHEED, EXAFS, and XRD. We observe
exists with a random K#li,_, alloy, which would be in a a small variation of the atomic volume in 5 to 50 ML alloy
nonmagnetic ground state. However, the existence of such ditms in a concentration range 0.5%=<0.81. Furthermore,
ordered compound can be discarded due to the fact that thee address independently, from XMCD experiments, the be-
ordered FgNi should present a characteristic diffraction pat- havior of the Fe and Ni magnetic moments as a function of

IV. CONCLUSION
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