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Magnetic circular x-ray dichroisMiMCXD) experiments have been performed at thelkg absorption
edges on ultrathin bct Fe layer epitaxially grown at room temperature on fd®@din the magnetic circular
and linear dichroism the asymmetry dependence in theari2l Fe  photoemission with the thickness of
the Fe/PdLO0) film is compared to the simultaneously achieved absorption spectra in the MCXD. The mag-
netic circular x-ray dichroism results evidence a strong in-plane anisotropy alof@lijedirection of the iron
film, even for the ultrathin bct iron films grown at room temperature. In the thickness range of 2—3 equivalent
monolayers, the magnetic orbital moment of iron is enhanced by a fa¢tdr,b=(0.53+0.02)ug] compared
to the bulk iron value, whereas the spin moment is meanly unaffected by the interface
[2(S,)=(2.17£0.15)ug]. In core-level photoemission, both lineéfe 3p) and circular(Fe 2p) magnetic
dichroism show surprisingly very low asymmetries for 2-ML Fe/faf). This seems to be in contradiction
with the analysis of the magnetic dichroic signal at the; Fe edges which leads for this film to a total
magnetic moment about 2.4Q. These measurements offer parameters related to the analysis of magnetic
materials with magnetic circular and magnetic linear dichroism technif864.63-182¢06)05525-1

INTRODUCTION Mn/Co(100), and Ni/F¢100),**"**an increased orbital mag-
netic moment has been observed, whereas for th&1Ri

Magnetic dichroism has become an intensively used techsurface a large orbital magnetic moment could be dedttted.
nique in the absorption mode as well as in the more surface=or the Co/C(100 ultrathin film system the surface orbital
sensitive core-level photoemission mode. The first techniquenagnetic moment may be compared to the one obtained in
opens the interesting possibility to obtain independently théulk fcc cobalt™®
orbital and spin magnetic moment, but is limited by the fact In our paper we will analyze Fe/PIDO ultrathin films
that the information is averaged over a large thickness. Corewhere each film stays for a complete system with its inter-
level photoemission experiments in magnetic circular andace and surface and the related structiset and bcc iron
linear dichroism(MCD and MLD) up to now provided a The influence of Fe/Pd interfaces on the magnetic moment of
more qualitative magnetic description, and probed the exiron was shown by calculations performed for Fe/Pd super-
change and the spin-orbit coupling. However it suffers fromlattices by Stoeffleet al,'® where the moment for each sepa-
an incomplete understanding, where, for example, the anguate layer could be obtained. In this calculation the local spin
lar dependence of the asymmetry in magnetic circ(dmd  magnetic moment at the Fe/Pd interface was found to be
linean dichroism in the angular distribution MCDADand enhanced to 2/8g. This effect is directly related to the
MLDAD) is still in progress:"® On the other hand, besides 3d-4d hybridization which affects the majority- and
spin-resolved core-level photoemission, which suffers fromminority-spin bands differently. The enhanced density of
low count rates, MCD and MLD in the photoemission modespin in the majority-spin band is compensated for by a
offer powerful tools to differentiate surfaces, interfaces, andshifted minority-spin band toward higher energies above the
volume contributions in magnetic thin-film systems. Fermi level, and therefore increases the Fe and the Pd inter-

Many interesting results about low-dimensional magnetidace local moment. The relative distribution of the Fe and Pd
systems at surfaces or interfaces have been introduced in tiheajority- and minority-spin states is at the origin of the mag-
last few years. For thin films or multilayered systems thenetic coupling at the interfaces. For systems such as Fe/Pd or
property of magnetic anisotropy is of the greatest impor+e/Pt behind the induced moment on the Pd or Pt interface
tance. It is essentially governed by the orbital and the spimtoms, interesting magnetic property of the ferromagnetic
magnetic moment. In the case of transition metals an infilms is the large local magnetic moment at the interfaces
creased number of systems have recently been studied whe28uz—3.1ug) (Refs. 17—21 compared to alloy$® Never-
the magnetism at the interfaces or at the surfaces were dlfieless the experiences could mostly not provide quantitative
interest. In multilayer systems such as Co/Pt, Co/Pd, andata, or in some cases they were performed on capped bilay-
Fe/Pd’~1% an enhanced magnetic moment at the interfacers and trilayers with thick Fe fimg&—10 ML), where a
was observed. For the thin films Fe/Q00), Co/Cy100), mixed interface and bulk magnetic signal was obseNed.

0163-1829/96/5d.)/3738)/$10.00 54 373 © 1996 The American Physical Society



374 LE CANN, BOEGLIN, CARRIERE, AND HRICOVINI 54

Our aim is to overcome this ambiguity by quantitative mag-
netic circular x-ray dichroisniMCXD) measurements on ul-
trathin Fe/P@L00) layers grown and analyzed situ.

On the other hand, as calculated by Erikssorl,? the
bcc iron surface should present an enlarged orbital magnetic
moment. Their theoretical values gives for the bc¢1Bé)
surface layer an orbital moment of 04z instead of
0.05ug in the bulk, and an enhanced spin moment 2.87
instead of 2.18g in bulk bcc iron.

For our purpose, an interesting application in the field of
thin films is the Fe/PA.00) thin-film system, for which fer-
romagnetic order still appears at room temperature for ultra-
thin films between 1 and 2 M£2?4%The bct structure of

the iron film sets in at the early stage of grovghML).>>%° FIG. 1. Geometry of the experiment: MCD and MCXD experi-
In our experiment this means that a total ferromagnetic Sysments were achieved using circularly polarized light with a polar-
tem at a coverage of 2-ML Fe can be analyzed by two difization rate ofr=70%. The incidence angle for the F@ MCD
ferent technics MCD and MCXD, and in this case the infor-experiment wasr=45°, and the detection of the photoelectron at
mation comes from the same iron layers. 5° off normal. The pair spectra were obtained by reversing the
For this systenfultrathin films and sandwichgthe local-  in-plane magnetizatioi along the[010] axes of the film which
ized character of the valence electrons is affected by dimenays in the incidence plane along The Fe $ MLD experiments
sionality effects at the surface by narrowing of thewere performed in the same geometry with incommgolarized
3d-band-width but also at the Fe/Pd interface lm4&d band  light at #=45° and an in-plane magnetizatidh perpendicular to
hybridization. With MCD and MLD in photoemission, we the incidence plane along theaxis.
are therefore able to look at the effects of the modified elec-

tronic structures introduced by this dimensionality effects. gqur different monochromator gratings allow a continuous
Magnetic x-ray circular dichroism in thie, 3 absorption energy scale from low energies%=100—200 eV to higher
edge provide a means to accede to an element specific locghoton energies up to 1100 eV. Thus the different spectra
magnetic moment. Recent theoretical analysis performed igoyld be obtained successively on the same films. The ab-
an atomic framework predict that, forp23d transitions,  sorption data were collected by measuring the total electron
ground-state expgctati(ZJBn values for the spin and orbital Moyie|d and then normalized to a reference photon current.
ments can be derlve?t_]: _ ) Fe/Pd100 has been extensively studied by Liu and
In this paper we will extract the ratid;)/(S,) and quali-  Bade?* by means ofin situ Kerr rotation. They showed an
tatively accurate values @t ,) and(S,) by inclusion of the  jn-plane easy axis of magnetization along fa80] crystal-
corrections calculated by Wu and Freeniain order to ac-  |ographic axis of iron films grown at room temperature, with
count differently at the Surface or in the “bulk” iron f||m f0r a Strong thickness dependence Of the Curie temper&t{yre
the neglectedT,) in the application of the sum rules. For the which crosses 300 K for near 1-ML Fe/@00). Hysteresis
orbital and Spin moments we should be almost sensitive tqbops in the |Ongitudina| mode shows near|y sguare |00ps
the evolution of these quantities as a function of the filmyhere for the 3-ML thin films the coercitive field never ex-
thickness. Furthermore, we show that the MCD Signal Ob'CeedS 200 Oe. A Soft iron yoke was insta”'mdsitu and it
served by photoemission is not in direct relation with the Fegjlows an in-plane magnetic field of 300 Oe along fB&0]
3d magnetic moment observed on the Egz absorption  direction of the iron films. A second external system allows
edges. The Fe2and Fe ® photoemission MCD signal is perpendicular magnetization and can give fields up to 600
obviously influenced by the®4d band hybridization at the Qe. In our experiment the magnetic saturation of the thin
Fe/Pd interface. Thus in photoemission the MCD signal isron films has been obtained by in-plane or out-of-plane cur-
connected to the electronic structure of the occupiézhnd  rent pulses.
where 31-4d hybridization takes place, and in absorption to  The iron films are analyzed in remanence by photoemis-
the emptyd states where hybridization does not much affectsion on Fe d, Fe 3p, and FeL, ; absorption edges. The
the band structuréneglectingsp bands. relative orientation between the light propagation vector and
the magnetization direction was reversed by reversing the
current in the magnet wires. The geometry of the experiment
is shown in Fig. 1. The angle between the sample plane and
MCD experiments were performed at the LURE the light propagation vector was=45. In photoemission
SuperACO synchrotron facility at the SU23 beam line usingthe data were recorded with a high-resolution hemispherical
the high circular polarization of the lightn our case 70% energy analyzer for which the acceptance angle was in our
produced by an asymmetry hybrid wiggler. The photoemisexperiment of 1.2 in order to accede to angle-resolved data.
sion data were obtained using a constant photon energy dthe photoelectrons were collected -a6 off normal emis-
830 eV for the MCD on the Fegline, usingo™ circularly  sion along the[100] direction of the iron thin films. This
polarized light, and 200 eV for the MLD on the F@ 3ne,  corresponds to a near maximum in the magnetic circular and
using linearlyp-polarized light. Both energies were chosenlinear dichroism in the angular distributioctMCDAD and
in order to minimize the photoelectron mean free path and td/LDAD ).}~ The absorption experiments were performed in
reduce the secondary electron contribution on the row datdhe same geometry as those of the MCDAD. Different angles
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of incidence of the light (98 «=30) were used in order to in the islands. The in-plane parameter measured on the
monitor the saturation effect on the Eg 3 absorption edges LEED spots is constant in the 0-5-ML Fe(RA0 range.

which becomes significant above 10-ML Fe(B@D). (V) curves observed on the 00 spot lead to a surprising
constant interlayer distance for 1-5-ML films of 1.95 A. For
Sample preparation and growth of bct Fe/Pd100) 25-ML Fe/Pd100), the interlayer distance is reduced to 1.48

The Pd100) sample was cleaned by argon sputtering at l,i\.,4t:>3u’t&.rema|ns slightly higher than the bulk bcc Fe value of

kV and 10 A at 350 °C followed by annealing at 750 °C.

This was repeated until the surface show a sharg I} studied b f thef\V/ b inret al2in th

low-energy electron-diffractiofLEED) pattern with a low ral;gls 10{2‘;;”'3'8 -He](ey) (s:ﬁ(r)\\//?esd ¥h2?|?£$ ;llzl-nMLeFe/
background and a carbon_ oxygen free Auger spectrum. Thﬁo(lOO) film the misfit between the bec Fe and the 45° ro-
samples were prepared in molecular-beam-epitd#sE) tated fcc PELOO) leads to a 5% expanded interlayer distances

e l .
aptﬁa[aélé% unc(ije'ra\ UHV AcondltlfnsP_(<l.bl(lT ) equpelzd related to the 4.2% in-plane contraction of the bct Fe film, in
wi and Auger. A quartz microbalance control en- 5eement with our results for 10 ML.

sures a constant growth rate of 0.2 ML/min.

The epitaxial growth of the tetragonally distorted bcc
phase of the ultrathin iron films has been extensively studied MAGNETIC CIRCULAR DICHROISM
in a separate chamber where the Auger transitions of the Pd IN THE Fe L, ABSORPTION EDGES
(MNN) at 330-eV kinetic energy, and the ReMM) at '
651-eV kinetic energy were monitored during the growth. Magnetic x-ray circular dichroism in thie, ; absorption
The AS-t curve indicates a strong deviation from a perfecedges gives a means to accede to an element-specified local
layer-by-layer growth mode still before completion of the magnetic moment. The ground-states expectation values for
first monolayer> The tendency to form islands at room tem- the spin and orbital moments can be derived from the well-
perature is confirmed when the substrate is cooled to 200 Known sum rule¥ 28 in the atomic framework. For solids,
during the growth by a clear modified AS-t curve which goesexperimental difficulties related to saturation effé¢tS or
toward a layer-by-layer evolution. This has also been condiffuse magnetic moment$related tosp moments were ex-
firmed by gently annealing thin films grown at room tem- amined, and in the case of iron reveal only very small influ-
perature. For 1-ML Fe/R@00) this further treatment leads to ence on the sum rules extracted values. But even if this holds
an expanded film as could be seen on the Fe and Pd Augéor the early 3 transition metals by neglecting thep-d
intensities. Our results at room temperature are clearly invave mixing, we get in trouble in the case of surfaces or
contradiction with the Auger studies of the Fe{F@D interfaces if we neglect the magnetic dipole teffvt? The
growth performed by Liu and Bad&t. latter is not directly provided by the MCXD experiment for

By low-energy electron diffraction we observed relax- the transition metals. In a noncubic environment the spin
ation of the strained bct iron film toward a well-ordered bccmagnetic moment, i.e., (8,), can no longer be approxi-
structure reached in the 40-50-ML range. The sharpnated by a combination of integrated intensities over the
(1x1) LEED spots of the initial PA00) surface become absorption edges. The value of the spin magnetic dipole op-
broadened with an intense background for the deposition afrator(T,) has to be reconsidered for the surfaces or inter-
1-2-ML iron. After 5-ML Fe/Pd100) the LEED pattern be- faces where the symmetry is broken. For the considered tran-
comes sharper and the best pattern is seen after a 25-Miitions (2—3d), where the angular momentum of the
deposition. This means that at the first stage of growth thénitial core state is 1 and of the final valence state is 2, the
strain induced by the strong distorted bct film induces defectspin sum rule is given by the relation

The structure of Fe/R@00) films has previously been

S fo (ho)—0_(ho)dho—2, [0, (he) =0 (io)ldho (5)+7(T)
f|_3+|_2[0'+(ﬁw)+a',(ﬁa))-l—a'o(ﬁw)]dﬁw - 3n, '

@

wheren,, denotes the number of valence holes, andand  deduced by the application of the sum rules depends on the
o_ the absorption cross section for the incident light polar-relative orientation of the moment to the incident light propa-
ized respectively parallel and antiparallel along the directiorgation vector (ii) In photoemission, MCDAD and MLDAD

of magnetizationo, denotes the isotropic absorption crossare both very sensitive to the orientation of the magnetic
section, which is taken asr(, + o_)/2. Figure 2 shows the moment in respect with the incoming photon and the emitted
Fe L, 5 absorption spectra of a 2-ML Fe/@@0) film nor-  photoelectrort: 4

malized to 100% circular polarization of the light. We plot  The observed dichroic signal at room temperature is zero
also the difference spectrum for the grazing=(35°), and for 1-ML Fe/Pd100 related to the loweiT ;v for this

for the normal incidence of the light. These data show thafilm thickness. The onset for the magnetic signal lays be-
for these experimental conditions no perpendicular magnetitween 1 and 1.5 ML, as seen in Fig(rf&ht axig, where the
domains exists at low coverages. This result is important fonormalized Fe MCXD intensity at the; edge is shown as a
two reasons(i) The magnetic spin and orbital contributions function of the film thickness. The normalized MCXD is
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Incident energy (V) between the_; andL, edges for an ultrathin film Fe/PHD0) com-

pared to the 40-ML film. The two difference spectra are normalized
FIG. 2. Fel,3 x-ray absorption edges for the two opposite at the Fel ; edge.
in-plane magnetization directions normalized to 100% circularly
polarized light, and the difference spectra obtained for grazingypical evolution of the normalized MCXD intensity, as can
(«=35°) and normal incidencea(=90°) of the light for 2-ML  pa gpserved for the Co/Q@01) thin films? The normalized
Fe/Pd100). difference spectrum observed for 1.5 ML is obviously re-
] ) ) duced compared to the thicker film signal. This is related to
defined as in Ref. 15 and represents the MCXD differencey, imperfectly magnetized film at room temperature. This is
spectrum over the linear absorption intensity atitheedge.  jn agreement with earlier calibration from Rader al,?
The evolution of the normalized Fe MCXD intensity at the yyhere the first nonvanishing spin polarization at the valence
FelL3 edge is used to monitor the degree of the long-rang@and has been found at 1.3-ML Fe(P@0). The enhanced
magnetic order in the remanent film. The drawn line shows ga|ues for the 2—10-ML films are either an indication of an
enhanced magnetic ordering in these remanent films or of an
enhanced local magnetic moment in the low-dimensional

40 — , ] films. In fact the latter is confirmed if we consider the evo-
saturation 1.8 . . . L
361 Lo / pd lution of the magnitude of the linear x-ray-absorption inten-
3ol 11.6 § sity ratio R=L3/L, in this specific thickness rand€&ig. 3,
e Ty g left axis). We compare these data to an estimated evolution
o 28] a of R between 1- and 40-ML Fe/PHD0), considering satura-
® 24} 112 o tion effects with an effective escape depth\af 17 A. Thus
%* 2ol @ 11.0 é we notice a parallel evolution of the linear absorption ratio
S ®e o o) up to 40 ML, and the saturation effect. But for the film at
E 167 * o« |08 g’. 2-5-ML coverage this linearity seems to fail. Thus the evo-
J ot — 1063 lution of the relativel ; /L, difference intensity starting from
- ] & the 2-ML sample and compared with the 40-ML film is an
081 04 ; indication of an enhanced orbital moment for our ultrathin Fe
0.4} 102 &~ films.
0.0 &1 0.0 For further investigation we apply the sum rie€ and
0 5 10 15 20 25 30 35 40 45 perform the integration over the difference spectra. In Fig. 4
Fe film thickness (ML) we show two representative difference spectra. Note the ab-

sence of positive structure between 710 and 715 eV for the

FIG. 3. Left axis: Magnitude of the linear x-ray-absorption in- Ultrathin 2-ML film compared to the structure observed for
tensity ratiol (Ls)/I(L,) as a function of film thickness compared Our “bulklike” 4O'M|Z Fe/Pd(100), or the very similar spec-
to the saturation effect introduced by the depth dependence to tH&UM given by Cheri’ This IS confirmed for all our thin films
cross sectionr(Lz) ando(L,) assuming a homogeneous iron film UP to almost 25 ML. Simultaneously the linear x-ray-
and an effective escape depth of the secondary electron@bsorption spectra shows a smooth out of the “fine struc-
Me(L,9=17 A. Right axis: The magnetic dichroism signal ture” on the high-energy side of tHe; edge(see Fig. & for
(6~ —0o") at the FelL; edge normalized to the total absorption the ultrathin films(2—10 ML). The similarity of the observed
intensity at thel; edge as a function of the Fe thickness. structures can be tentatively assigned to diffuse MCXD seen
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i)
in the case of Cd_, 3 and NiL, 5 edges® The absence of 2 50
positive fine structure in the difference spectra between the @
L, andL5 edges of our thin films could therefore be related <
to the importance of oppositely polarized emptg“final
states relative to the emptydJinal states. The extent of the
s-p band obviously contributes to the difference observed for / r r/is=244
the 2-ML film over a wide range of energy including the 0 g U —
L; andL, edges. Nevertheless the spectra demonstrate that 700 705 710 715 720 725 730 735
the area under thé, peak is smaller for the 2-ML film Photon energy (eV)

compared to the one observed for 40 ML by scaling the two

spectra at thé ; edges. Qualitatively this reveals a difference  f|g. 6. FeL , ; total absorption edges for 3-ML Fe/@@0) and
in the magnetism between the 2- and 40-ML thin films.  for 40-ML Fe/Pd100) with their respective adjusted background.
Integration over the difference spectra gives rise, withoutrhe jump of the step betweén, andL, is defined by the integrated
any parameter input in our case, to tke,)/(S,) ratio, L, over the integrated , value which is related through the satu-
assuming that for all our thin iron films the magnetic ration effect to the iron film thickness.
dipole operatoKT,) can be neglected. In fact the perturba-
tion introduced for the(L,)/(S,) ratio is the factor
(1-7(T,/2(S,)) which is given by the first sum rule. For
bce iron, first-principles band-structure calculatingro-
vide a ratio{T,)/(S,) of 0.003 which introduces a correction
factor of 0.99. This justifies that for th@,)/(S,) ratio we

needs further treatment of the data. The background of the
isotropic spectrum has been calculated self-consistently by a
two-steplike function as shown in Fig. 6 for the integration
of the summed spectral (+1_) over the two edges

neglect(T,). At the surfaces and interfaces of the ultrathin L3+h2'hThe f|rs_t “stepl” betweerL7317an(3/L; edges do n?t
Fe/Pd100) films, this is still correct because the correction '€ach the experimental curve at eV but stay at a lower

calculated by Wiet al®! is of the same order of magnitude '€ve! defined by a ratia/s (see Fig. 6 depending on the
in the case of the bcc FEOO) surface. L;/L, ratio (r/s=2.44 for 40 ML andr/s=3.0 for 3 ML).
The orbital to spin ratidL,)/2(S,) obtained by applica- The set of parameters which accounts for the absolute values

tion of the first sum rule is shown in Fig. 5, where the evo-Of spin and orbital moments are the circularly polarization
lution toward a near-bulklike ratio of 0.05 is observed for therate 7 of the light, the hole number in the Fel andn,, and
40-ML iron film. The ultrathin iron films show strong en- the incidence angle: as well as the azimuthal angie [de-
hancement of théL,)/2(S,) ratio which reaches a maxi- fined as the angle between tfGs.0] direction in the plane of
mum value of 0.24 at 2-ML Fe/Rti00), corresponding to a the Fe film and the incidence plane defined byy] (Fig.
five times higher value as for bulk bcc iron given at 0.043 by1)]. The hole number in thd bandn,, (3.49/atom is taken
Chenet al3* This results from the enhanced orbital momentindependent of the thickness of the films. In our experiments
due to the hybridization at the Pd interface. we useda=45° and 35°,¢=0°, and 7=70%. The ex-
The individual evolution of orbital and spin moments tracted values ofL,) and(S,) by setting(T,)=0 were cor-
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at room temperature. The values are obtained by application of the
sum rules on the F&, ; edges with the calculated corrections ac-
counting for the magnetic dipole operatdr,) at the surface, inter-
faces, and in the bulk of the thin iron films.

FIG. 8. Fe 2 photoemission spectra taken at 825-eV photon
energy for circularly polarized light™ obtained for the two direc-
tions of the sample magnetizatigparallel @) and antiparallel
rected by the calculated deviation accounting d), at (O) to the polarization vector of the lightand for 25-ML Fe/
the surface and in the bulk of the iron film as given by WuPd100 at room temperature. The asymmetty ¢1.)/(I_+1)
et al obtained for the 25-ML film is 10%. At the lower part of the figure

The evolution of the orbital and of the spin moment givenwe show the compared reduced value of the asymm@@r§%9
in Fig. 7 clearly shows a continue decrease of the orbitabbtained for a 2-ML iron film.
contribution from 0.54p for 2 ML toward 0.12«g for 40
ML and an almost constant spin moment. If we consider thagircular dichroism(MCD) in photoemission on the Fep2
the “transfer of orbital moment” from Pd into the iron film core levels, where the mean free path is of the order of 5 A.
concerns more than the first Fe layer at the interface, wé this experiment the photon energy was chosen at
obtain a long-range evolution as seen on the rRts and  hv=2825 eV in order to keep the kinetic energy of the de-
on(L,). Thus the strongly enhanced orbital moment is re-tected photoelectrons at a low val@&l0 e\), out of the
lated to the underlying R@00). The error bars on the spin secondary electrons region. In MCD the magnetic signal is
value are very large, and thus we are not able to give &urrently given by the asymmetry defined by the ratio
conclusive indication as to a thickness-dependent spin moA=(I"—17)/(1*+17). In order to compare our data with
ment. earlier work?*® we subtract a Shirley background from the

Application of the sum rules leads to a total magnetictwo photoemission spectitd (E) andl ~(E), and normalize
moment of 2.72g for 2-ML Fe/Pd and 2.6y for 3-ML  all of them to a signal-to-background ratio of 2, as seen in
Fe/Pd100). This strong enhanced total magnetic moment inFig. 8 for the pair spectrum obtained for 25-ML Fe{P@0).
the bct Fe films is in agreement with recent polarized neutrohe data were recorded in the geometry where the light in-
reflection and ferromagnetic resonance experimémtkich  cidence angle was 45° with respect to the surface
give layer-averaged total moment values of Zg6or gold-  (a=45°), and the photoelectron emission angle-ab°
capped Pd/5.6 ML Fe/A@01) samples. The observed en- from the normal of the sample as shown in Fig. 1. Circularly
hancement of the total magnetic momév{ +Mg at low  polarized light of positive helicity ¢7) with a 70% polar-
coverages is thus related to the enhanced orbital moment &ation rate was used. Thus the normalized asymmetries
the near interface region. The in-plane anisotropy observeghown in Fig. 8 are directly comparable to those obtained in
for all films grown and analyzed at room temperature hasarlier work$ obtained in this geometry. As seen in Fig. 8,
been attributed in a previous wérkto strong reduction of a surprisingly low asymmetry of 3.5% is observed for 2-ML
the magnetocrystalline surface anisotropy induced by th&e/Pd100 compared to the 10% in the 25-ML film. Inter-
morphology of the film. mediate thicknesses of iron shows intermediate asymmetries
[10-ML Fe/Pd100), for example, showé&=7%]. The value
for the 2-ML film is noticeably lower than the previously
measured 10% asymmetry, on theF) single crysta or

In order to separate qualitatively the contribution of theon the polycrystalline iron filni. Thus for the ultrathin 2-ML
surface and of the Fe/Pd interface, we archived magnetifiim a reduced asymmetry by a factor 3 is observed com-

MCD IN PHOTOEMISSION
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pared to the thicker 25-ML film and the @€0 single crys-
tal. This anomalously low asymmetry of 3.5% is independent 1 hv =200eV
of incomplete remanence because the data were obtained on
the same 2-ML film and with the same magnetization pro- Fe3p
cess as for the Fe, ; absorption measurements. Contamina- 5000
tion of the ultrathin iron film can be excluded by a final
MCXD absorption control on the Fe, ; edges at the end of
the typically 3-h acquisition for the photoemission experi-
ment achieved under ultrahigh vacuum conditions. The theo-
retical value of the magnetic moment averaged over the three
outermost surface planes in (80 single crystal is 2.fig,

and provides a 10% asymmetry in our geometry. The 2-ML
iron film by MCXD shows a overaged magnetic moment of
2.7ug, but stays far from the expectea('zlis MCD asymmetry.
Even if this film shows small islan@$ the sensitivity 1 o
(A=5 A) of the photoemission allows an analysis of the ML Pd/ 40ML Fe/Pd(100) % -
whole iron film at this coverage. The tetragonal distorted bct P A e et o PO 40
structure is also of minor importance in respect of angular I

sensitivity of the MCDAD (10% distortion of the out-of- 3ML Fe/Pd(100) 3%
plane and 5% for the in-plane parameter implies a 6° rota- 'MMW‘W_-GO
tion of the atomic row[110] in respect of the light inci- —

dence. Thus the influence of the Fe/Pd interface seems to be 140 142 144 146 148
the most important perturbation we introduce in the MCD Kinetic energy (eV)

detection.

In order to separate the Fe/Pd interface contribution form
the “'tf"’“h'” .ﬁlm surface effect, we achieved Pd/FcéllBO) energy for linearly polarized light obtained for the two directions of
sandwiches in the ML.D.A.D on the Fq_)33_0re levels in order the sample magnetization perpendicularly to the incidence plane for
to reac_h a better sensitivity in the variation of the asymmetry o . Fe/Pd100. The value of the asymmetryight scale ob-

The th|cknes.s evo!utlon of the asymmgtry observed vy|th Ciltained by MLD is of 17% for the 40-ML film, whereas a clear
cularly polarized light has been confirmed on Fg @ith  reduced asymmetry is observed for the sandwi#) and for the
linearly polarized light(Fig. 9) in the geometry where the jtrathin film of 3 ML.

magnetization vectoM lies along thez axes(see Fig. L
We obtain the bulk expectation value fab=200 eV (Ref.
35) of 17% asymmetry for 40-ML Fe/Rti00 (compatible to
the absorption experimentsut the Fe  asymmetry for the .
3-ML Fe/Pd100) film seems to be again reduced by a factorN€less the meaning of the strongly reduced asymmetry ob-
5 compared to the thickest film. If we compare the Re 3 sgrvgd by.MCDAD and MLDAD at the interfaces and ultra-
MLDAD signal of the uncovered 40-ML Fe/PtDQ) film  thin films is not yet clear. .

with the 1-ML Pd/40-ML Fe/PELO0) sandwich, where the Compared to the absorption data obtained at 2 and 3 ML,
iron located at the top Pd/Fe interface makes the major corfh® MCD and MLD experiments on core levels are obviously
tribution in the MLDAD, then we are sensitive to the isolated N0t able to provide direct indication on the magnetic mo-
Pd/Fe interface. The 1-ML Pd film covers by a flat epitaxialment. In the particular case of the Fe/Pd interface the band
film the underlying iron. The perfect layer-by-layer growth hybridization in the occupiedd®4d band obviously plays a

of Pd/F€100 has been observed by mean of Auger andkey role.

LEED during our experiment, and is confirmed by The extent of the induced orbital moment from the Pd
Celinskil’ If we compare the Fe 8 dichroic signal(Fig. 9) layers into the iron film seen by MCXD can be speculatively
to the one obtained for 40-ML Fe/Pd0) we again see a compared to the extent of the reduced asymmetry in MCD
strong decrease of the MLDAD asymmetrA£7%) as and MLD in core-level photoemission. Nevertheless, no di-
seen for the thinnest Fe/AdDO) film. This leads to the con- rect connection between the two parameters can be thought
clusion that the Fe/Pd interfaces are at the origin of the reef in terms of reduced asymmetries for enhanced orbital
duced asymmetries seen by photoemissSiIBfCDAD and  magnetic moments. Our results in MCD and MLD indeed
MLDAD). Furthermore, we explain the difference in the show a more complex signal than the MCXD in absorption.
asymmetries between 3 M{3%) and the sandwicki7%) by = The photoemission is well known to be sensitive to the ex-
considering the morphology of the thin iron film. The 3-ML change energys Sbetween the core level and valence band,
iron film shows islands where the topmost layered atoms arand for this reason shows a dependence on both the local
located between the fifth layer down to the first interfacespin moment and the exchange consténtThis value is
layer. In our experiment, where the most important contribuband structure dependent and changes ugdrand state
tion in the Fe ® signal comes from the two topmost iron mixing. Thus the changes in the asymmetries observed by
layers, the photoelectrons comes from these different stepS)CD and MLD in our thin films and sandwiches could be
and thus the MLDAD is a mixture of this arrangement. Forrelated to the influence of the electronic structure of the
the sandwich Pd/40-ML Fe/PtD0) the sharp interface can Pd/Fe interface on the exchange energy.
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FIG. 9. Fe 3 photoemission spectra taken at 200-eV photon

therefore explain the 7% asymmetry on the Re 3ever-
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CONCLUSION terfaces. For the ultrathin films, different conclusions on the

magnetic long-range order could be given if we consider the

We have presented magnetic dichroism results at roorycxp results from the Fé, ; absorption data or the core-
temperature on Fe/RH00. The main conclusion obtained |eye| photoemissioriFe 2p and Fe 3) in MCD and MLD
by MCXD in absorption is the strong increase of the orbitalexperiments. Even if the discrepancy is not understood, these
magnetic moment for ultrathin Fe/Bd0) films, which isin  experiments show that the MCD and MLD in core-level pho-
agreement with the enhanced total magnetic moment previoemission are far from a simple experimental fingerprint of
ously observed and with theoretical results at the Fe/Pd inmagnetic thin films, surfaces, and interfaces.
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