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The early stages of the growth of Cr(E60) and Fe/Cr/FEL00) interfaces have been investigated by
magnetic dichroism in photoemission of Fp and Cr 3 core levels as measured from chiral experiments
employing linearly polarized synchrotron radiation. Evidence is obtained for a 30% larger magnetic moment of
interface Cr atoms with respect to Cr atoms belonging to epitaxial ultrathin films and a 40% magnetic moment
enhancement of top Fe interface atoms in the Fe/CtO® trilayer. The kinetic growth conditiong50 K)
lead to a uniform overlayer growth, without intermixing, but dominated by islanding. As a consequence the
formation of a single-surface ferromagnetic domain for Fe/Qi/6® is frustrated up to two Fe monolayer
(ML) thickness. The line shape of Fp Photoemission in the frustrated regime is consistent with the presence
of in-plane magnetic order at 90° with respect to the substrate magnetization direction. The appearance of
photoemission magnetic dichroism for Fe overlayer thicknesses exceeding 2 ML is interpreted as due to
domain rotation towards the direction antiparallel to the Fe substrate magnetiz&6d63-182@07)03601-1

I. INTRODUCTION nary temperature and Cr is AF with a slightly incommensu-
rate AF structure oriented along th&00] direction? Cr is
Stacking of alternate layers of Cr and Fe makes an artifioften defined as a layered AF solid since it can be viewed as
cial solid with intrinsically anisotropic electronic properties, a stacking of ferromagnetically orderétd0) planes, antifer-
among which great importance is given to the giant magneromagnetically coupled one to the next. Antiparallel cou-
toresistance effedtAs a function of the thickness of antifer- pling across the interface and a strong enhancerfignto
romagnetic(AF) Cr layers separating next-neighboring Fe sevenfold of the Cr surface magnetic moment, with respect
layers the magnetic coupling between ferromagn@id) Fe  to the bulk Cr value of 0.59z, were predicted for an or-
layers is parallel or antiparallel. The oscillations of the cou-dered Cr monolayer on FE00).>® Total energy calculations
pling follow a long period and a short period which are for the Fe/Cr/Fe system showed that the number of the Cr
thought to be related to the shape of the Fermi surface. layers dictates the parallel or antiparallel coupling between
Due to the prototypical value of the Fe/Cr/Fe structure forthe Fe overlayer and substrate separated by the Cr trfffer.
the understanding of magnetically dependent electron trang-he Fe magnetic moments in the Fe/Cr/Fe multilayers are
port, a large number of experiments, models, and theoreticgiredicted to be similar to that of bulk Fe.
descriptions have been produced in recent years. An overall A number of experimental results were apparently incon-
agreement has been reached on the double periodicity of ttaistent, being strongly influenced by the actual thicknesses of
magnetic coupling and on the general behavior of the gianthe layers grown in different experiments, by the growth
magnetoresistance, but open questions and discrepancies eenditions which determine the degree of epitaxial order and
main in the detailed description of the magnetic behavior ofof atomic mixing at the interface, and also by the incertitude
the atoms at the interface betweenH®) and Cr and be- of the methods used for measuring the magnetic moments.
tween Fe and Q00 as the multilayer grows. In particular, Extreme values for the Cr magnetic moment at the
open questions are the magnitude of the magnetic momen€sr/Fg100) interface have been quoted from situ magne-
of Fe and Cr at and close to the interface and surface regiotgmeter measurements givinge,=4ug for submonolayer
and the magnetic coupling of the first layers, together with itghicknesses anduc,~3up after completion of the first
dependence on growth conditions, i.e., on the morphologymonolayer® in the same experiment, the authors inferred
perhaps metastable, assumed by the interfaces at the eaftpm their data a delayed onset of the Cr AF stacking. Spin-
stages of formation. resolved photoemission and energy loss spectroscopies of Cr
Cr and Fe have the same bcc lattice at room temperaturat the interface with Fe have indicated:,~1.8ug,'° an
and very similar lattice paramete2.87 A and 2.88 A for Fe  enhancement with respect to bulk @&ef. 1) or a moment
and Cr, respectivefy, so that epitaxial growth is possible similar to bulk Cr!2 X-ray absorption dichroism experiments
with either one or the other as a substrate. Fe is FM at ordien multiple interfaces showed basically the bulk value for
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Cr® The Fe magnetic properties at the FgADO) and by the chirality of the experimeft Knowing that photoelec-
Fe/Cr/Fe stacks are strongly influenced by the effectivaron diffraction effects can strongly influence the obtained
structural properties of the AF Cr substrate, as shown frontlichroism®? experimental results can be compared only
magneto-optical Kerr effect resuft Both enhancement or when measured in a fixed geometry and for a fixed photon
reduction of the surface Fe magnetic moment are predicteé&nergy as done in the present wofB) The presence of
and some theoretical and experimental results suggested theagnetic order can be observed from dichroism experiments
growth of a magnetically dead lay&t1°-1"Very clear spin-  even if field averaging is done naturally by 180° domains or
resolved electron microscopy images show the AF couplindy antiferromagnetic ordering. In fact the line shape of the
of Fe layers across Cr layers of variable thickness, wittield-averaged spectra depends on the alignment of the mag-
monolayer resolution®=2° These experiments also showed netic moments, i.e., of the magnetic core hole states, inde-
the incommensurability of the Cr AF order with the lattice, pendently of the degree of polarizatiémagnetization® In
together with a “defect” in the layered antiferromagnetism this case variable chirality experiments can be performed in
of Cr in the 0—4 atomic layers range. Moreover, bond frus-order to probe the existence of magnetic ord@). The
trations and interface roughness, depending on growth con-MDAD spectra are determined by the energy splitting of
ditions, can either suppress the short coupling period oscilthe magnetic core hole sublevels, which is proportional to
lations in the Cr overlayers or modify the orientation of Fethe magnetic momerit.

overlayers, as proposed from theoretical calculatidi$??

Superconducting quantum interference devi(@QUID)

measurements and polarized neutron reflectivity showed for . EXPERIMENT

Cr/Fe superlattices the importance of biquadratic interlayer | MDAD experiments were performed on the Swiss-
magnetic  coupling, when a magnetic frustration iSprench beam line SU3 and on the SU7 beam line at the
present** confirming the prediction of Ref. 20. The above g perAco storage ring in LUREDrsay. In both cases, the

results indicate that the structure of theal surfaces and  glectron energy analyzers were placed at 45° with respect to
interfaces plays a fundamental role in the magnetic order anghe girection of the linearly polarized synchrotron radiation

coupling. Any experimental methods that integrate the inforfom standard planar undulators impinging onto the sample.
mation on magnetic order and magnetic moment lead therexngylar acceptances were, respectively,“af° (SU3 and
fore inevitably to gross errors. +22° (SU7). The overall energetic resolution was100

The aim of the present work was to study the magnetiG,,av/ for the experiments using 120 eV photd@J3 and
properties in the Cr/R@00 and Fe/Cr/FEL00 interfaces _ 250 meV for 150 eV photon&sU?).

with mag.neFic dichroigm in photoemissiorj. The advantage of Al measurements presented in this paper were obtained
photoemission experiments on magnetic interfaces com&ssing a[100]-oriented Fe 3% Si single crystal as a substrate,
from the sensitivity to the chemical species and to the sury,qunted to close the gap of a soft iron ydk&* The
face atoms. By exploiting magnetic dichroism in chiral ex- Fe(100 surfaces were prepared by Avon sputtering and

periments with linearly polarized synchrotron radiation gnneajing cycles. In order to avoid the surface segregation of
[LMDAD (Refs. 25 and 24 on core levels, one can take i impurities (Si, C, and $ the final iron surfaces were

advantage, with respect to the previous spin-resolved experspiained either by a mild sputtering-annealing cycle or by
ments, of the much higher counting rates and therefore of thﬁomoepitaxy of a thin iron overlayer onto a well-ordered but
better statistics which is attainable, allowing one to deepe'ﬂ:-segregated F200) surface. Fe and Cr were evaporated by

the interpretation by separating the effects of magnetic orde|octron bombardment from high purity rods, with a typical
from the information on magnetic moments at a qua”tativedeposition rate of 0.5 and 0.2 A/min, respectively, and in a

but fruitful level?”*® Cr(100) layers display dichroism in J oco o balow 2 102 mbar. The thickness of the deposit
photoemission since the surface contributes approximately,as monitored by a quartz crystal oscillator and verified by
1/3 of the total signal which is not completely averaged by,o cf P and Fe ® photoemission intensities. Analysis of

the exponentially damped underlayer contributions. low-energy electron diffractiofLEED) patterns suggested
that layer-by-layer growth is favored at high temperature
Il LMDAD METHOD (~600 K), _C(_)nfirmi_ng th_e fin_dings of Ref. 20. However, in
order to minimize interdiffusion, the growth was performed
The LMDAD effect has been described in several recentit a substrate temperature of 450 K. No trace of contami-
experimental and theoretical papé?tsS! We refer for the nants was detected before and after each evaporation. Va-
definition of the experimental geometry and for descriptionlence band spectra were measured to control the surface
and application of the atomic model interpretation to Refscleanliness during the experiment. The base pressure was
27 and 29. Here it is important only to recall tifaj the sign ~ 3x 101! mbar.
of the LMDAD dichroism, i.e., its plus-minus feature, de- The sample was magnetically saturated by current pulses
fines the parallel-antiparallel magnetic alignment betweenhrough the winding of the electromagnet. All spectra were
overlayer and substrate with respect to a standard ferromagaeasured in remanence. Both spin polarization data, ob-
netic sample(2) The magnitude of the dichroism is propor- tained from a 100 kV Mott detector on the same Fe single
tional to(Mg,p, i.e., to the order parameter of the ferromag- crystal and mounting, anih situ Kerr-effect measurements
netic surface; it vanishes at the Curie temperature and/or fahowed a squared hysteresis loop as well as 100% rema-
unmagnetized samples. LMDAD is therefore sensitive to innence. Linear magnetic dichroism in the LMDAD mode was
plane disorder and domains: A reduced LMDAD signal im-measured in the chiral geometry described in Refs. 26 and
plies a reduction of the magnetic order along the axis define@4, obtaining two mirror experiments by reversing the sign
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FIG. 1. Left: LMDAD spectra for the two magnetization directidiesosses and continuous curyes$ the Fe and Cr 8 core level as a
function of the Cr coverage on the @60 surface(from up to down, as measured in the same fixed chiral geometry, for a photon energy
of 120 eV at 150 K of temperature. The vertical bars indicate the energy positions of the maxima. Right: LMDAD difference curves,
corresponding to the magnetization-dependent spectra, for Fe arl Sold circles are experimental data and solid lines are the smoothed
functions.

of the magnetization direction, which was parallel to thetion to the photoemission peak area. Within the error bars the
Fe(100 surface and perpendicular to the scattering plane desubmonolayer and monolayer data are equal, but a sharp de-
fined by the photon beam and by the photoelectron momererease of the width is measured at 2.5 ML, and starting from
tum vector. The LMDAD magnetic asymmetry is defined as3.5 ML a constant value is reached, up to thicker Cr films.
Armpoap = (up= down/ (1 up™ T down) » Where Iy (gown) @re the  The same analysis for the Fe 8ore level splitting is shown
photoemission intensities measured for the imposed magng; the top panel of Fig. 3, where a similar result of reduction

tization in the upwarddownward direction. of the my=+3/2 splitting is observed for Cr coverages
larger than 1.5 ML. Figure 4 presents the Fe/C{1i0€) in-
IV. RESULTS terface, for 1.5 ML of Fe on top of a 12 ML Cr film grown

onto F€100). From the comparison with the magnetization-

The left panel of Fig. 1 p(esents the 3ore level spectra dependent spectra for the Cr(E60), we observe that) the
for Fe and Cr as measured in the two mirror experiments, as

a function of the Cr coverage on the (F60) surface. The coupling between the F_e overla_lyer and th@e@) substra.te,
corresponding LMDAD difference curves, representing theBCross the Cr layer, is domlnantly antlferromagnet|c, as
LMDAD dichroism, are shown in the right panel of the same ShOWn by the reversal of the sign of Fe LMDAD; also the Cr
figure. The vertical bars identify the different peak positionsEMDAD signal is reversed, showing that Fe is the magnetic
for the two core levels. The opposite behavior, i.e., the redriver in the Fe/Cr interfacep) the degree of magnetic order
versed plus-minus feature, of the Cr dichroism with respectS Small in the iron overlayer, which has a small LMDAD
to the one of Fe indicates that the dominant contribution issignal. The Cr LMDAD dichroism width is within the errors
from Cr antiferromagnetically coupled to the (E80 of the same order of the thick layer, as indicated in the right
substraté’ At 2.5 and 3.5 monolayer®IL) one sees a small part of Fig. 4, but the value of the Fe 3plitting is different
energy shift of both Fe and Cip3peaks and a marked nar- with respect to the value of the Cr/A®0) interface in the Cr
rowing of the Cr  LMDAD curve. This effect is better monolayer regime. In fact, the widths of the Fe LMDAD
shown in Fig. 2 where the Crp3LMDAD spectra, after dichroism for the FELOO) clean surface and for the1 ML
normalization, at 1.5 ML of coverage and at 3.5 ML areCr/F€100 interface have comparable values, but the
compared, both aligned to the positive asymmetry peak: TheMDAD width for the 1.2 ML Fe/12 ML Cr/F€L00)
width of the Cr LMDAD spectrum of the 1.5 ML coverage is trilayer is ~30% larger. The same enhancement in the value
larger by 35% with respect to the 3.5 ML spectrum. Within of the Fe splitting was observed in previous experiméhts,
the scheme of the atomic model and according to pe 2 whose results are reported in Fig(@rcles. Finally, Fig. 5
LMDAD data, the positive and negative peaks of the asymshows the evolution of the F@@3.MDAD splitting (bottom
metry correspond to the energy of then;==*3/2 pane) and the Fe B normalized LMDAD (top panel as a
sublevel£”? The width of the Cr dichroism, i.e., the function of the Fe coverage in the Fe/Cr{E@0) system.
m;= £ 3/2 energy splitting, is plotted in the bottom panel of After the first coverage with no LMDAD signal, starting
Fig. 3 versus the Cr thickness on(EB0), after normaliza- from 1.5 ML a large Fe LMDAD splitting is found, followed
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50 6l 62 83 64 FIG. 3. Top: evolution of the 8 LMDAD splitting of Fe (open
Photoelectron Kinetic Energy (eV) squares as a function of the Cr coverage in the Ci/Fg0) and

Fe/Cr/F€100) interfaces. Solid triangles are the results of a previ-
ous experiment on the same interfdB&f. 26. The insets show the
direction of coupling, parallel or antiparallel to the substrate

CriFe(100 interface. Solid curves are smoothed functions. The nor{ €100, in the bilayer and trilayer systems. Bottom: evolution of
malized dichroism curves are reversed in sign and both arbitrarily"® ¥ LMDAD splitting of Cr as a function of the coverage in the
aligned on one side of the curve, to better show the difference of th&"/F&100 and Fe/Cr/FEL00) interfaces.

splitting value. The vertical bars indicate the peak position: A dif- The exponential attenuation of the Fe signal through the Cr
ference of about 35% jn the width of the .dichroism is recog.;nizableove”ayer in Fig. 6 excludes the occurrence of an extended
Bottom: same comparison for the 8lichroism of Fe. Open circles,  jntarmixing for our growth conditions, but the little magnetic
1.5 ML of Cr; solid squares, 3.5 ML of Cr; solid curve, 80  orger for the Fe monolayer deposited on top of the 12-layer
clean surface. The LMDAD curves are aligned on the same side of; fiim (Fig. 5) indicates a stepped Cr surface, which in turn
dichroism. The reduction of the magnetic splitting is of 8%. suggests that the growth of Cr is in large islands rather than
layer by layer. We must observe that the lack of well-
by a reduction of the splitting towards the value of thebehaved layer-by-layer growth in our conditions frustrates
Fe(100) clean surface. the correct development of layered antiferromagnetism in the
range of small coverages investigategp to 3.5 ML). We
can in fact infer the presence of a Cr structural disorder from
V. DISCUSSION the results of Fig. 1, where the obtained Cr dichroism shows
A. Cr/Fe(100) for all the coverages the plus-minus feature that corresponds
o ..o an antiparallel Cr alignment with respect to the Fe sub-
The changes of the photoemission peak shape and widdyate. The breakdown of the layered antiferromagnetism be-
can have several origins including bonding disorder, withhayior is a signature of a stepped and frustrated Cr I&er.
unresolved chemical shifts arising from inequivalent sitesgy assuming thati) the spin-orbit interaction is fixed and
and size-dependent core hole screening effects. In additiogyj) the splitting between then;= +3/2 and them;= —3/2
in a magnetic material the variations of the magnetic momengublevels, which are the two pure spin-orbit states of the
at the surface or at an interface are directly reflected in thenultiplets? varies linearly with the strength of the exchange
energy splitting of the core hole magnetic sublevels andinteraction, one can interpret the changes of the width of the
therefore, in the energy width of the magnetic dichroismLMDAD curve reported in Fig. 3 as beingroportional to
spectrum. We will discuss below the relative changes in théhe relative variations of the surface magnetic moment. Fig-
dichroism width as defined above independently of the smallire 3 shows that in the range 0—3.5 Cr ML on(Tg9), the
chemical shifts that are observed at the interface formatiorCr m;= =+ 3/2 splitting value decreases from 1:08.05 eV

FIG. 2. Top: comparison between the Gr BMDAD curves for
1.5 ML (open circleg and 3.5 ML (solid squarescoverage in the
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FIG. 4. LMDAD 3p photoemission spectra as a function
cF>f /én?gnfé'gat'_?n reversa[crosielszoan\c/i Ts_ollltéocur)/_?rf_lor lthe vided by the sum of the total intensity of Cr and Fp 8solid
e/Cr/Fe100) trilayer system kv = ev,1= K). The plus- circles, as a function of the Cr coverage in the C{/Eg0) inter-

minus feature of the dichroism curgepen circleg is reversed for face. The solid curve is the fitted exponential function
both Fe and Cr, showing an antiparallel orientation of the Fe top '

layer with respect to the Fe substrate. Also the Cr LMDAD dichro- . . . . .
ism is reversed with respect to the one measured for the same cof? 0-85= 0.05 eV. This relative reduction of 35% in the split-

erage as a free terminated layer. The solid curve in the LMDADUNG @s the coverage exceeds the first monolayer is the sig-
dichroism is a smoothed function. nature of an enhancedterfacemagnetic moment of the Cr

atoms in contact with Fe. The splitting value of about 0.85
eV cannot be representative of the Cr bulk magnetic mo-
ment, considering also that the thickness range over which

FIG. 6. Total photoemission intensity of F@ &ore levels, di-

14 . : the reduction of the magnetic splitting occurs is affected by
a 12l ] the island growth mode: Signals from first, second, and third
E /{\§\§\ Cr layers are added. Nevertheless, it appears that the mag-
s 10 T netic moment changes gradually at least through three layers
— - . .
2 08} Fe/Cr/Fe(100) | before _stab!llzmg at the value which is measured up to 12
5 06] ] layers in this experimerf. The measured enhancement of
E mer at the surface of R&0O0) is large, but definitely smaller
2 04 than some values reported bef6r&,or predicted by theory
«? 02} hy =120V, 150 eV | [theoretical predictions are referred¥e=0 K and for a per-
= ool T=120K, 300K | fect (100 Cr monolayet.
; ; ; The Fe d LMDAD splitting is basically unaffected by
the adsorption of the first monolayer of Cr, but a reduction of
14t : about the 10% is observed for higher Cr coverages. The si-
S multaneous reduction for both the Fe and Cr LMDAD split-
131 _ tings (<upe and pc,) suggests a change in the magnetic

properties of the whole interface region at a “critical” thick-
Lol - ] ness of 1.5-2 ML of Cr. This range of thicknesses is the
’ }/ T onset of the ferromagnetic order of Cr, in qualitative agree-
ment with Turtur and Bayreutherand Alvarado and
Carbone® The interface between EEO0) and a single
5 5 —5 monolayer of Cr is different from the interface petvyeen
Fe Thickness (ML) Fe(lOQ) and an AF stacked Cr film: The latter case |mpl|es a
reduction of the Fe moments near the surface while the
former case does not.
More insight into the magnetic order of Fe in the interface

Fe 3p J=£3/2 splitting (eV)

1.1¢L Fe(100) clean = 1.06 eV

FIG. 5. Top: evolution of the normalized dichroigiND) of the

Fe 3 LMDAD in a Fe/Cr/F&100) trilayer systemopen diamonds . - .
with error barg, as a function of the Fe top layer coverage. The region, below the Cr overlayer, can be obtained by using the

value of 1 corresponds to the normalized dichroism of tha@g  -MDAD normalized dI(_Jh_I’OI%Gm(ND) and by plotting it
clean surface. Bottom: evolution of the Fp BMDAD splitting in ~ 2dainst them, =+ 3/2 splitting”™ As we discussed above and
the same trilayer system as a function of the Fe top layer coverag® Ref. 37 the width and the ND of the LMDAD are not fully
(squares with error barsThe dashed line indicates the value of the INndependent as one can test by applying the atomic model
Fe(100) clean surface splitting. The ND is obtained by dividing the and calculating the LMDAD spectra when time;= = 3/2
integral of the Fe photoemission peak at each coverage and referré@litting is artificially varied. The wider the splitting, the
to the standard spectrum of the clean(108) surface; this was larger is the ND since the opposite dichroic intensities over-
measured at 120 eV of photon energy and 150 K of temperature.lap less and less. Conversely, if the splitting is reduced to
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FIG. 7. Simulation of the LMDAD behavior as a function of the ’fg 5 1\
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clean surface. Inset: Comparison between the simulatopen \‘3 1\ ]
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face (solid squaresfor the maximum negative asymmetry in the g & - bt ]
normalized LMDAD dichroism curve vs splitting value. The nor- et |
malized value equal to 1 corresponds to thélB) clean surface é L i
as measured. Data for the Fe/Ci(/F@0)) are also indicated by the ~ |
arrow, showing the largest splitting value, as well as the minimum | —— 15ML Fe/Cr/Fe(100) AF COUP‘M
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Such a calculation is represented in Fig. 7 by the solid

squares and lines. One sees that for typical changes of the FIG. 8. Top: Fe ® magnetization-dependent spectra for two
magnetic splitting(changes of the magnetic moment by different Fe coverages in the Fe/CHE@Q) trilayer, hv=150 eV,
+30%), the related changes in the ND are less than 10%. O =300 K; the lower coverage does not show any LMDAMht

the other hand, changes of the order parameters, i.e., of tH@ne). The spectra for 15 ML do show LMDADleft) and corre-

ND, do not influence the splitting. In Fig. 7 we compare spond to AK(i.e., antiparallel coupling with respect to the FEOQ)

also the calculated values with the data for Fe & the substrate. Bottom: comparison between the magnetization-averaged

Fe(100) surface covered by increasing thickness of Cr. Theshectra for the two Fe films. The line shapes show a marked differ-
data (open squar@sshow a reduction of Fe ND for two ence be_tween the zero LMDAD spectra and the AF coupled ferro-
monolayers of Cr, followed by a reduction of the splitting as Magnetic overlayer spectra.

seen in Fig. 3, and by a sharp reduction of the ND. The ND

reduction is large and independent on the magnetic momef® We observe that the maximum ND is reached for 5 ML;
of the Fe substrate. This effect is further proof of the perturthis value corresponds to both high order and higher splitting
bation in the Fe near-interface layers of the substrate. Th#ith respect to the standard reference spectrum of the
layer nearest the interface, i.e., basically the only one conF&100 clean surfacéi.e., m;. 3,=1.06 eV and NB-1). At
tributing to the photoemission in the data point for 8 ML higher coverages the ND converges to the standard value.
Cr/Fg100), has a severely reduced magnetic order in theéCorrespondingly, the bottom panel of Fig. 5 shows that the
direction probed by our experiment. Intermixing at the levelm;= =3/2 splitting starts very high as soon as it can be
of a single interface double layé&Fe-Cp cannot be excluded, Mmeasured, and then decreases, still remaining higher than the
as well as a rotation of the Fe moments forming an extendeff€(100 substrate for relatively high thicknesses. These re-

domain wall with the antiparallel oriented Cr interface layer.Sults indicate that the magnetic moment of the top Fe film of
the Fe/Cr/FELO0 is enhanced and that the onset of a Fe
B. Fe/Cr/Fe(100

magnetic order antiparallel aligned to the(F&0) substrate
Interface magnetic effects are seen from the Fe/Cr/Fe rdas for ~1.5 ML thickness of the Fe top layer. In fact, Fig. 5

sults too(Figs. 4 and h Data from Fig. 5 show that the first and the magnetization-dependent spectra of Fig. 8 show that
monolayer of Fe grown on the 12-layer Cr buffer has a largdor submonolayer and monolayer Fe thicknesses no LMDAD
splitting, but a small degree of alignment of the momentss measured. The absence of LMDAD has been confirmed by
along the substrate magnetizatigoarallel or antiparallel performing experiments at 150 K, which excludes the hy-
This is consistent with the results of Alvarado and Carbonepothesis of a strongly reduced Curie temperature for the Fe
who measured zero spin polarization for Fe growing on aoverlayer, in agreement with Ref. 16. The spectra do not
Cr(100 epitaxial film up to 2 ML Fe thicknes®. From Fig.  present LMDAD, but this does not correspond to a narrow-
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ing of the photoemission peaks. All these findings suggesatoms is enhanced by 30% independently of the direction of
that the magnetic moments are oriented differently. the film magnetization, a result which is in qualitative agree-
As we discussed above, based on indirect evidence, the @nent with the theoretical analysis of Stoeffler and Gautier for
surface is highly stepped, implying the existence of terracespin-frustrated systenfs.
of different height determining antiparallel Cr surface do- The experimental evidence of enhanced magnetic mo-
mains to which the Fe top monolayer should couple antiferments near the interface and of a thickness-dependent orien-
romagnetically. The Fe top layer would therefore break itseltation of the surface magnetization axis shows how delicate
into domains with many in-plane e walls, which is an the energy balance is for the magnetic coupling through Cr
energetically unfavorable situation. Nevertheless, if this waspacer layers, at least if these present a rough surface. From
the case, the Fep3photoemission spectrum would look just Fig. 4 one also observes the AF coupling between the Cr and
like the field average of the usual LMDAD spectra. In fact in top Fe layers; this means that as the ferromagnetic order of
this hypothesis the quantization axis of the 180° domaingron sets in, the rough Cr interface becomes magnetically
would still be parallel to the magnetization axis of the sub-ordered. This effect stores some extra energy in the Cr buffer
strate. The Fe top layer would be unmagnetized, but its molayer, which influences the subsequent coupling oscillation.
ments would be still aligned along the perpendicular direc-The rotation of the surface iron magnetization into the
tion to the photoemission plane; so the spectrum would hav&80° direction is due to the prevalence of exchange coupling
the same line shape as a field-averaged spectrum of the Bger anisotropy, i.e., to a fine energy balance which can be
substrate. As a matter of fact, the spectra for submonolayerasily modified by any extra energy term like strain or sur-
and monolayer coverages of the top Fe lagiax., the one face impurities. The difficulty of reproducing fully consistent
showing no LMDAD are quite different from the field av- experimental results when different growth conditions and
erage of the iron substrate spectra, as easily observable in teabstrates are employed is therefore easily understood.
bottom panel of Fig. 8, and qualitatively resemble the line
shape measured in the nonchiral geometry which can be ob-
tained by rotating the quantization axigie magnetization
in the scattering plane. Based on the present set of data we We have shown that the interfaces between Cr and
can make the following statemeni® The magnetic split- Feg100) and between Fe and Cr/@®0 as grown in condi-
ting of Fe 3P is present from the submonolayer regini®,  tions that optimize both the degree of structural orfdess
the absence of LMDAD cannot be explained by 180° do-than perfedt and the suppression of atomic intermixing at
mains aligned with the substrate quantization axis, @nd the interface are dominated by antiferromagnetic coupling
the spectra are compatible with the hypothesis of a nonchirahrough the interface, unless magnetic frustration arises from
effective geometry of the experiment, obtained by a 90° rointerface roughness. The Cr magnetic moments at the
tation of the surface quantization axis, either within the sur+¢100 surface are enhanced with respect to the ones in the
face plane or perpendicular to it, the LMDAD being zero in thin film regime(3—12 ML). The Fe magnetic moment at the
both cases. Fe/Cr/F€100) surface appears enhanced by 30% with re-
The hypothesis of perpendicular magnetization was puspect to the FRA00) surface value. The complexity of the
forward by Alvarado and Carbone to explain the lack of spinmagnetic behavior of the interface involves both the growing
polarization at less than 2 ML of Fe coverd§eilithough it  overlayer and the substrate near interface layers. Beyond the
is a possibility, it implies a large anisotropy which for almost changes of magnetic moments, the observed changes of mag-
relaxed quasiepitaxial layers is not expected. In-plane 90fhetic order of the substrate can be qualitatively described as
rotation may occur due to biquadratic interlayer coupling.the formation of a magnetic domain wall, between substrate
The exchange enerdy,,, which describes the coupling be- and overlayer, extended over several atomic planes. The en-
tween layers, is proportional to both the bilinegrand the ergy balance governing the formation of the interface mag-
biquadratic couplingd,, i.e., EqecJ;cosf+J,c0s60, where  netic wall, or extended magnetic interface, includes anisot-
0 is the angle between the magnetization direction of twaopy, epitaxial strain, roughness, impurities, and of course
layers®®*°WhenJ,<0, as possible in the presence of inter- exchange interlayer coupling. The balance may favor 90°
face roughness and of terraces of opposite magnetization,d@mains when spin frustration is large, as appears to be the
90° orientation of two magnetic adjacent layers may occurgase for the Fe monolayer on Cr(E60).
instead of 0° or 180%3244%The square lattice structure of
Fhe (100 surface allows 90°_ domains ywth' mequwalent. an- ACKNOWLEDGMENTS
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