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Magnetic linear dichroism in angular-resolved Fe 3 and Fe 2p core-level photoemission
for thin Fe films on graphite
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Magnetic linear dichroism in angle-resolved Fg &nd Fe D core-level photoemission is used as a probe
of the surface magnetism for thin Fe films with a range of surface morphologies. The Fe films were prepared
by deposition in ultrahigh vacuum on to graphite substrates. Samples studied include an islandexditm
diameter 100 nm an array of “wires” (50—100-nm diametg¢iand a 150-nm-thick continuous film. The effect
on the dichroism asymmetry of varying the magnitude of the magnetizing field, the film temperature and
morphology is described. The data show an increased magnetic hardness and reduced magnetic transition
temperature with decreasing dimension of the Fe features. A magnetic transition temperature of 720 K is
measured for the islanded film while the continuous film shows essentially bulklike behavior. The development
of magnetization in the films with increasing coverage is also studied. The results of fitting Zeeman-like
multiplets to both Fe B and Fe 2 spectra are described.

INTRODUCTION were by Rothet al®'*and Rossi and coworkéfs®in Fe 3p
core-level spectra measured off @91) and(100 surfaces,

A variety of experimental techniques are available for usgespectively. The measured effects were large enough to in-
as probes of magnetism at surfaces and interfaces. Certaticate that MLDAD could be used as ansitu atom-specific
limitations associated with some of these, however, can remagnetic probe for ferromagnetic surfaces’ With the help
strict their usefulness. The magneto-optic Kerr effect, for ex0f spin-resolved data, measurements of MLDAD in Fe 3
ample, is not surface sensitive, although it can be usefullgore-level spectrgfrom Fe001) on Ag(001) and AU00Y)]
applied to magnetic layers on nonmagnetic substraBsn- sh_owed _that the effect can be attnbute_d to the_coe_zxst_ence of
resolved photoelectron spectroscopy of core levels and vaPin-orbit and exchange-induced spin polarization in the
lence bands® offer direct probes of surface magnetism; spectrd. From measurements of MLDAD in Fep3spectra
however, they generally suffer from low efficiency of spin 7o Fe100, Sirotti and Ros$P derived the fine structure of

detection. An alternative to spin-resolved techniques is pro§p|n—orb|t and exchange _spht sub-leve!s in the szcipre
vided by dichroism experiments. Under certain conditionslevel by using an atomic-like sextuplet fit. By calculating the
. . . . intensities expected for eaah; sub-level on the basis of
changes in the lineshapes and/or intensities of core level ab-, ~ N | 10
. %tomm photoionization theory, Rosst al.™” showed that a
: . R ) nique value ofn; could be assigned to each sub-level of the
orientation of the sample magnetization is altered with "itted sextuplet. The ordering between the two sub-levels in

spect to the polarization of the incident radiation; thesethe spin-orbit splitt =2 level was found to be reversed with

changes can directly yield magnetic information on the feryagnect to the anomalous Zeeman effect. Similar analysis has

romagnetic surface under study. The high fluxes of circularlyrecenﬂy been extended to MLDAD measured from Re 2
and linearly polarized radiation required for dichroism ex-ore-level spectfd®and has helped to confirm the validity
periments are readily available at synchrotron radiatioryf the Zeeman-like approach referred to above.
sources. In the present paper, MLDAD measurements on Fe
Magnetic circular dichroism(MCD) experiments per- samples with a range of surface morphologies are reported.
formed in x-ray absorptidi? are now well established. In MLDAD has been used to probe the magnetism in these
such experiments, the spin and orbital magnetic moments &famples as a function of magnetizing field and temperature.
the incomplete valence shell can, with the aid of magnetoopa muiltiplet fitting procedure similar to that referred to above

tical sum rules, be deduced from a comparison of the absormas been applied to the spectra. Data for both peasd Fe
tion cross-sections for different relative orientations of thepp core levels are presented.

radiation helicity and sample magnetizatibfi.The first ob-
servations of dichroism using linearly polarized x-rays were
made in absorptiofi.Subsequently, more attention has fo-
cused on magnetic linear dichroism(MLD) in The experiments were performed on the undulator beam-
photoemissiorf:}° Since photoemission experiments intro- line 5U.1 of the synchrotron radiation sourees at Dares-
duce a finite angular acceptance, the observed effects abairy Laboratory. Beamline 5U.1 provides a high flux of lin-
more properly referred to as magnetic linear dichroism in theearly p-polarized radiation(E vector in the plane of
angular distributio(MLDAD ) of photoelectrons. MLDAD incidence; a 1200 lines/mm plane grating monochromator
provides information on magnetic exchange effects in coréplatinum-coated CVD SiC on a graphite substratemple-
states:}~13 The first experimental observations of MLDAD mented by a spherical focussing mirr¢platinum-coated
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FIG. 1. Schematic illustration of the experimental geometry
used in the MLDAD experiments.

fused silica provides focused soft x-ray radiation over an
energy range of approximately 50—1000 eV. Further details
relating to the design of the undulator beamline may be
found elsewheré&®

-50000
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All measurements were carried out under ultrahigh '100000125 1;0 135
vacuum (UHV) conditions, with a base pressure of 1 K.E.(eV)
x 10 mbar or better. The Fe samples were prepared by 0.2
evaporation from a water-cooled Knudsen source onto highly 'g
oriented pyrolytic graphitéHOPQ substrates; the pressure = 01
during evaporation was less tharx30 *mbar. A similar N 0
evaporation source could be used to overcoat Fe samples =
with an ultrathin Ag layer. The mosaicity in our samples was § -0.1
+0.8°. Fresh HOPG surfaces were prepared by cleaving in =
air, prior to transferring to UHV. The graphite(@01) sur- £ 02
face is air stable and essentially inert to normal atmospheric 03 . ; ‘ !
constituents under ambient conditions. A small peak corre- 120 130 131 132
sponding to the O 4 core level could occasionally be ob- KE.(eV)

served in the photoemission spectrum from freshly cleaved .
surfaces; modest heating to approximately 250 °C was nor- FIG. 2. Fe ® spectra _for the Fe wire sample recorded at room
mally sufficient to remove this feature. The HOPG samples%e,mperature and usmg&m?'d (.)f 0.27T.3) Raw?p SPeCtrd § an.d
were mounted on a liquid He-cooled cryostat , at(+) and(—) magnetization, respectivelfii) Difference(di-

A net magnetization was induced at the sample by pulsin chroism spectruml *—1" after background subtraction and nor-
. . . gnallzatlon.(ul) Dichroism spectrum ifii) divided by(background

a current through a copper coil whose axis was perpendlcuIaFrubtracted normalizecsum| * + 1 -
to both the photon polarization and the emission direction o ’ '
the photoelectrons. By using soft Fe pole pieces attached .
directly to the sample plate and pulsed currents up to 235 Am thick. . . . .
flux densities as high as 0.22 T could be generated. Figure i) @ collection of Fe islands, formed by heating the wire
illustrates the experimentéthiral) geometry schematically. SamPle to 550 °C. SEM analysis revealed that the mean size
The photoelectrons were collected in normal emission by af the islands was 100 nm, with dasymmetri¢ spread in
H.A.100 analyser, while the incidemtpolarized radiation SiZeS of 80—200 nm.
impinged on the sample at an angle of 40° to the sample
normal. . MLDAD IN FE 3 P SPECTRA

All data were collected in remanence. Fe §pectra were
measured using a photon energy of 188 eV, with a combined Figure 2 illustrates the general dichroic features observed
monochromator/analyzer resolution of 0.25 eV, while the Fan the Fe 3 spectra for our samples, and the manner in
2p spectra were recorded at a photon energy of 850 eV, withvhich we have quantified the dichroism. Data for the Fe wire
a combined resolution of 0.55 eV. sample are presented, with the raw spectra(for and (—)

Three Fe samples were studied in the present investiganagnetization given in Fig.(. Initial observations indicate
tion: changes in lineshape upon field reversal which are qualita-
(i) a thick continuous Fe film. Rutherford back scatteringtively similar to those first observed by Ro#t al® and
analysis on this film yielded a thickness of 15 nm. others®®
(i) an array of Fe “wires,” formed along steps in the HOPG  The smoothly varying background intensity in our spectra
substrate. Scanning electron microsc¢pEM) images from was fitted with a(power 6 polynomial plus a Tougaard
a sample prepared under identical conditiciagen after re-  contribution?! (This was carried out at the same time as peak
moval from the experimental chambeaevealed that these fitting to the spectra, which is discussed latefollowing
wires were up to 1Qum in length and between 50 and 100 background-subtraction and normalization to take account of
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FIG. 4. Magnitude of dichroism signal as a function of tempera-
FIG. 3. Magnitude of dichroism signéhs defined in Fig. Ras  ture for the islanded sample. The full line represents the best fit to
a function of applied magnetizing fieB. the data, according to Eql).

beam current decay and any slight remanent magnetizatigim. It is also evident from Fig. 3 that they demonstrate
effects in the chamber and analyzer, the dichroism spectr@PpPreciable coercivity. The length of the wires is sufficient to
were obtained simply from the difference spectra, as illusProvide an easy axis of magnetization in the plane of the
trated in Fig. 2ii). Dividing the dichroism spectrum by the Sample, which implies a uniaxial anisotropy rather than the
sum of the normalized, background-subtracted spectra, as f#/bic anisotropy of the bulk. As described earlier, the is-
Fig. i), gives the spectral dichroism as a percentage; théanded sample was formed by heat treating the Fe wire
magnitude of the difference between the two peak Va|ue§ample_; hence no MLDAD data are available for the latter as
[approximately 34% in Fig. @i)] provides a measure of the @ function of temperature.

dichroism. The value of 34% in Fig(i#l ) for the (saturategl

Fe wire sample compares with a figure of 30% quoted by ISLANDED Fe SAMPLE

Roth et al!* for Fe (001) after background subtraction. In

what follows, we have used the peak-to-peak values to quan- Also shown in. Fig. 3 is the str(_angh .Of the dichroism
tify the dichroism in our samples. signal for the Fe islands as a function Bffield. The mea-

sured dichroism is small compared to the saturation value in
the other samples and measures only 9%, even at the maxi-
mum availableB field. If the dichroism signal saturates at the

Figure 3 gives the strength of the dichroism signal in theSame value as for the other two samples, i:€34%, the
Fe 3p core-level spectra as a function of applied magnetizindi€!d required for saturation can be estimated as 0.56 T by
field B for the thick film and wire sample. The data were extrapolation of the data in Fig. 3. It should be pointed out,
collected at room temperature. The thick film exhibits softhOwever, that the magnetization versus field curves when
magnetic behavior, saturating f@=0.03T. Further evi- Measured inremanencas in this work are more difficult to
dence of bulk-like behavior in this film comes from measure-Predict than for “field-on” measurements. In addition, the
ment of the MLDAD signal as a function of temperature. extrapolation procedure is not valid if the easy axis of mag-
Performed over the temperature range 300~700 K, the daf?gtization is normal to the sample, in which case the in-plane
were satisfactorily fitted by means of the power law describ/émanence would be expected to be appreciably smaller than

ing the temperaturéT) dependence of magnetic ordering in a fOr the other two Fe samples. This would be consistent with
ferromagnet the surface of the islands dominating the magnetic anisot-

ropy of the sample. Observations of surface anisotropy in
(MYoc{1—(T/Tc)HP (1) ultrathin Fe films on A(l11) (Ref. 22 indicate a decreasing
in-plane remanence and increasBdield required for satu-
where(M) is the net magnetic momeni. is the Curie tem- ration as the film thickness is decreased. Overall, the data
perature, angs is the critical exponent that determines the displayed in Fig. 3 show that the magnetic hardness of the Fe
rate at which magnetic ordering breaks down. B(B and  samples increases as their dimensionality is reduced.
surface(S) values of 8 have been measured previously for  Figure 4 shows the strength of the dichroism signal in the
single crystal Fe using the magneto-optic Kerr effect andslanded sample, measured for an applied f&#0.20 T as
MLDAD, respectively!” and are given a@g=0.38-0.01 a function of temperaturéover the range 40—850)KThe
andBs=0.81*+0.01. Data for the dichroism signal as a func- best fit to the data using E¢l) (also included in the figuje
tion of T in the thick Fe film yield g8 value of 0.86-0.02, gives3=0.16+0.02 andTo=720+3 K. The data in Fig. 4
using Tc=1040K (bulk value, hence confirmindas others represent a somewhat smoother transition to zero magnetiza-
have don&) the surface sensitivity of MLDAD. tion than that predicted by the fit. This may reflect the spread
The magnetically harder Fe wires requirBdield of 0.1  in island size(80—200 nm in the sample, which would give
T for saturation, the saturation value of the measured dichrorise to a range of Curie temperatures. The fit in Fig. 4 is
ism signal being approximately the same as for the thickherefore only considered as an average for the size range

THICK Fe FILM AND Fe WIRE SAMPLE



PRB 61 MAGNETIC LINEAR DICHROISM IN ANGULAR-. .. 5029

40 deposition time reveals a change in gradient at approxi-
mately 12 min, indicating a change in growth mode. No
% SEM images are available for this sampdg any coverage
30 F % However, from SEM images of the Fe samples discussed
earlier (after removal from URY, it is clear that the growth
is not layer by layer. Instead, we suggest that the break point
20 b % may correspond to a change from vertical columnar growth
to lateral growth, as found for Mn islands on HOBG.
% The data in Fig. 5 are in qualitative agreement with the
ob % results discussed earlier, presented in Fig. 3, which confirm a
correspondence of magnetic hardness on sample morphol-
ogy. For the lowest coverages, where no remanent magneti-
1T zation was measurable, the Fe islands may be small enough
0 ' ' ' : to act as a superparamagnetic array of single-domain par-
ticles. Above the blocking temperature of such an array, no
dichroism signal would be expected. Blocking temperatures
FIG. 5. Magnitude of dichroism as a function of growth time for of 100_152 K have been observed for 10-nm Fe |Slands.on
an Fe sample grown at room temperature. The data points at 35 mMgO(OOD’ while 30 K has been reported for granular Fe in

and 104 min correspond to the Fe wire sample and the thick fiImS'OZ' At hl_gher Coverages, where the island sizes are abo‘_’e
respectively. hose for single-domain clusters to be favorable, the Curie

temperaturel ¢ is still expected to be less than for the bulk
present. Our results are still consistent, however, with pre(@S in the islanded sample discussed earlias the island
dictions and observations that. and 8 are reduced in SiZ€ gradually increases with increasing deposition time, so
nanoscale system3c has been observed to decrease withdo€STc; when the size becomes large enough thatis
decreasing thickness in epitaxial Fe or(Faf), with g val-  dreater than room temperature, remanent magnetization is
ues in the range 0.13-0.7&;submonolayer coverages measured. After long-enough deposition times, continuous
yielded T¢ values below room temperature. Similar resultsStructures are eventually formed such as the wires or thick
have been reported for epitaxial Fe on(A00), for which g fim discussed earlier.
values of 0.21-0.22Ref. 24 were measured. The reduced

Peak-Peak Dichroism (%)

0 25 50 75 100 125

tdep'n (mminutes)

transition temperature is a result of the reduced average MULTIPEAK FITS TO FE 3 P SPECTRA
atomic coordination due to the high proportion of surface _ o
atoms.(The modest increase in dichroism signakat00 K, The multiplet fitting procedure, developed to model the

evident in Fig. 4, may reflect a slight morphology change adine structure in dichroic Fe (8 photoemission spectrd;'®

the sample was heated. However, fits to the data with the was referred to earlier. The existence of such a fine structure

lowest temperature data points omitted yield the same valu a consequence of the exchange interaction with the va-

for Tc although with a somewhat enhanced valuefofit  lence (31) electrons, which lifts the degeneracy of ttspin-

0.27. orbit split) core hole state into the variouss; sublevels(six
After the MLDAD measurements as a function of fi@dd in all for Fe 3p and Fe 2-two for j=1/2, [m;=+1/2,

and temperaturd (see below on the islanded Fe sample —1/2] and four forj=3/2 [m;=+3/2,+ 1/2,—1/2,—3/2]).

were completed, the sample was covered with an ultrathitn common with the work referred to previousiy® we

(<1 monolayey coating of Ag at 40 K. After deposition of have applied atomiclike sextuplet fits to our Fe §pectra in

the Ag, no dichroism was observed even using the maximuran attempt to model the observed MLDAD changes as inten-

availableB field. The coating that this produces thereforesity changes in the various; sublevels upon field reversal.

results in a relative magnetic hardening or softening of this Fits to the Fe ® spectra in which the parameters for each

sample. A contributory factor to magnetic hardening inof the six contributions are freely variable are clearly not

nanoscale systems is the enhanced orbital monmmagt ¢b-  justified. A constrained fitting procedure was therefore

served in surfaces coating with another metal will reduce adopted. In order to help develop the fitting procedure, par-

this. Alternatively, the extra strain induced by the overlayerticularly with respect to locating at least some of the peak

could produce a hardening. A final possibility is that the easypositions, two high-resolution Fep3spectrdat (+) and(—)

axis of magnetization could have rotated from in-plane to oumaximum magnetizatignwere recorded for the Fe wire

of plane. sample. The combined resolutidtE for these spectra was
0.16 eV, attained by increasing the electron analyser resolu-
DICHROISM AS A EUNCTION OF COVERAGE tion. Inspection of Fig. 6, which contains the spectra, shows

that we have been at least partially successful in this respect.
Figure 5 shows the dichroism in an Fe samfdeparate The (+) and(—) magnetization spectra were fitted simulta-
from those discussed abgvas a function of coverage. The neously, using Doniach-Sunijic lineshapes and backgrounds
magnitude of the dichroism signal, measured at room temeonsisting of a power six polynomial plus a Tougard contri-
perature and with the maximuBhfield available of 0.2 T, is  bution. Fits were optimised subject to the following general
plotted as a function of deposition time. The €dore level, constraints{(i) the widths of the foulj =3/2 sublevels were
from the HOPG substrate, was also monitored with increasfixed to be equalii) the widths of the twg = 1/2 sublevels
ing coverage; a plot of the integrated G Ihtensity versus were also fixed, with the lower KE component wider than the
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30000 — heights to be freely variable. In this way we were able to
-0-2T Magnetization follow changes in the sextuplet fit results as a function of
- appliedB field for the Fe wire sample. Of the six fitted con-
g 20000 [ tributions, peaks 1 and 3 show the largest changes on field
5‘ reversal. There are clear changes in the relative intensities
> with increasing B, with the changes saturating abo®e
% 10000 [ =0.1T as for the peak-to-peak data in Fig. 3. The changes in
| peaks 2 and 4 are much smaller while no significant changes
in peaks 5 and 6 could be detected on field reversal for any
0 value of B. It should be noted that for very loB-fields
120 125 130 135 (where no changes were obseryetie values for the fitted
KE. (V) peak areas ar@vithin erron the same as those deduced from
40000 the fit to an Fe P spectrum recorded for the Fe wire sample
+0.2T Magnetization when unmagnetised.
T 30000 b It is interesting to compare in more detail our fitting re-
§ sults with those from elsewhere. From the fit parameters in
é Table I, the width of thg = 3/2 multiplet between then; =
= 20000 F +3/2 and—3/2 sublevelga measure of the exchange split-
g ting) is 1.3 eV, this leads to an average separation of 0.44 eV
£ 10000 F between the exchange split sublevels in jthe3/2 multiplet.
The above values compare reasonably well with correspond-
- A ég:! ing figures, taken from the data of Rossi and cowork@uof,
0 120 125 130 135 1.1 and 0.37 eV. Our results are also in fair agreement with
KE. (eV) theoretical work by Tamurat al** who modelled Fe B soft

x-ray photoemission spectra using a spin-polarized fully rela-

FIG. 6. High-resolution Fe {3 spectra for the Fe wire sample tivistic multiple scattering approach; by comparing their re-

with associated sextuplet fits. sults with experimental data from Rott al.,’ the authors
derived a value of 0.9-1.0 eV for the exchange splitting.

higher KE one(although fixing the two components to be Similarly, Hillebrechtet al?® used a splitting of 0.33 eV be-
equal did not significantly alter the ftsiii ) the asymmetries tween adjacenit=3/2 sublevels when modelling F@®ICD
of all sub-levels were fixed to be equal. The results of thephotoemission data. Our fitting results differ from some of
constrained sextuplet fits are shown in Fig. 6. Optimum fittedthose elsewhere in the identity of the sublevels showing the
values for individual peak parameters are set out in Table Igreatest intensity changes upon magnetization reversal.
In common with the results of Rosst al,* the separation Peaks 1 and 3see Fig. & show the greatest intensity
between the twg=1/2 sublevels is larger than between ad-changes in our fits. In the fits of Rosatial,'° peaks 1 and 4
jacentj =3/2 sublevels. We also find that the fits required the(the m;= +3/2 levelg undergo the greatest changes. In ad-
Lorentzian widths of the twg=1/2 sublevels to be signifi- dition, theoret|cal work by Cherepkov and Kuznet&band
cantly greater than for thg=3/2 sublevels, although thie  van der Laaft attribute the largest MLDAD changes in Fe
=1/2 sublevels are broader and the 3/2 levels narrower 3p to them;=*3/2 sublevels. As described earlier, the ap-
than in the fits of Rossét al1° proach adopted in this work was to use the high resolution of

All other Fe 3 spectra were recorded at the normalthe spectra in Fig. 6 to attempt to locate peak positions,
(lower) resolution of 0.25 eV, quoted earlier, to allow rea- rather than assigning peaks 1 and 4 to the points of maxi-
sonable data collection times. The remaining spectra for theaum change in the MLDAD and then fitting the other sub-
wire sample were fitted using the parameters listed in Tabléevels accordingly. Indeed, applying the latter fitting ap-
[, with positions fixed to=0.01 eV, leaving only the peak proach to the spectra in Fig. 6 results in appreciably poorer

TABLE . Optimum fit parameters derived from constrained sextuplet fits to g-ef&ctra for Fe wire

sample.

Positions ofj =3/2 contributions 130.620.01 eV(Peak 1-m; = +3/2)
130.20+0.01 eV(Peak 2-m;=+ 1/2)
129.75-0.03 eV(Peak 3-m;=—1/2)
129.29+0.04 eV(Peak 4~ m;= —3/2)

Positions ofj = 1/2 contributions 128.720.02 eV(Peak 5-m;=—1/2)
127.67-0.04 eV(Peak 6- m;= + 1/2)

Widths of j =3/2 contributions 0.250.01eV

Width of high K.E.j=1/2 contribution 0.950.05eV

Width of low K.E. j=1/2 contribution 1.%20.1eV

Asymmetries 0.02:0.005
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FIG. 7. Fe 2 spectra for the thick Fe film measured at room 0 L L
temperature and for an appli&ifield of 0.08 T.(i) raw spectra for 130 135 140 145
(+) and (—) magnetization(ii) difference spectrum after approxi- K.E. (V)

mate normalization.

fits. The use of different lineshapes in the fitting analysis will FIG. 8. Multiplet fits to Fe Pg, for B==0.08T.

result in slightly different peak positions. Contrary to analy-
sis elsewherd we have used Doniach-Sunjic line shapes,Figure 7i) shows 2 spectra recorded after magnetization at
which we believe to be more accurate, in our fits; this couldfields of + and —0.08 T. The D3, and s, levels are
be responsible for the differences referred to above. easily resolved on account of a large spin-orbit splitting of

Sextuplet fits were also applied to the Fp 8pectra re- approximately 13 eV. The dichroism spectrfitd-) — (—)],
corded for the thick Fe film and islanded sample, as well agptained after approximately normalizing the two back-
the Fe wire sample discussed above. Good fits for the thicbrounds to one another, is given in FidiiY, There is clear
film data were obtained using the same fit parameters g§ichroism in the Da, With the same sign as was found in
those in Table I. Si.milar changes in individual peak intens?—the 3p3,, but little evidence for any observable dichroic
ties to those described above are observed upon magnetizéects in the D, at least within the errors involved. This
tion reversal. Any changes in peaks 5 and 6 are sitill too smalhseryation is consistent with our Fe 8esults. It, however,
to appear above the scatter in the data. In the case of thg,ntrasts somewhat with the findings of Hillebreettal 18
islanded sample, the spectra were shifted to slightly lowegg Rossiet al,'® whose results show definite dichroism in
kinetic energy and broadened somewhat; lowering the fit pog,e Fe ., peak and of opposite sign to that seen in the Fe
sitio.ns of the pe.aks. by 0.2 eV and broadening the vyidths o§p3/2' Both groups of authors also observe a nonzero di-
the j=3/2 contributions to 0.480.01 eV yielded satisfac- cproic intensity, including small peaks, between the main
tory fits to the datawith the fit parameters in Table I left to5iures associated with thepg, and 2, peaks. As has
otherwise 'unal_tered The _only changes obse_rvable in the peen pointed out®° detailed analysis in this region is com-
sextuplet fits with magnetization reversal are in peaks 1 and)icated by photoelectron diffraction effects and also the fact
3 for this _sa_lmple. In each sample, the fitted sublevels, whichy, o spectral asymmetry values of weak features depend
show definite changes upon field reversal follow the samgongly on the background subtraction procedure adopted.
trends with varying field3 or temperaturd as the peak-to- |5 4qdition, discrete final-state configuratidsatellites may
peak dichroism. In order to detect any finer differences beg,ntribute to the dichroic intensity.
tween the fit results of the various samples, high-resolution  a¢ tor the Fe D spectra, a constrained multi-peak fitting
sp_ectra for the thick film and islanded sample would be re'procedure has been used to model tirespectra, with two
quired. and four peak fits for th¢=1/2 and 3/2 levels, respectively.
In all cases, fits to th¢=1/2 peaks yielded separations be-
tween the mj=+1/2 and —1/2 contributions of 1.1

Fe 2p spectra for the thick Fe film were collected at room =0.1eV. Similar energy spacings between {re3/2 sub-
temperature for various magnitudes of magnetising figld levels, of between 0.9 and 1.0 eV, are obtained in fits to the

MLDAD IN FE 2 P SPECTRA
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j=3/2 peaks. Figure 8 shows four peak fits to the fg,2 sent in this level but that it is appreciably less than for the
spectra for magnetizing fields of0.08 T, for which the j=3/2. Certainly, others®°have found the MLDAD signal
sample is saturated. As for thep3analysis, peak positions in the 2p,,, considerably reduced compared with that for the
were fixed to+0.01 eV and asymmetries to 0.0258.005. 2pg,. Overall, the poorer resolution for the Fg Zpectra
Optimum results were obtained with the widths of the compared to the 8 spectra requires the fit results for thp 2

=3/2 sublevels at 0.400.01eV; the widths of the twd  gpectra to be treated with more caution than those forpgze 3
=1/2 sublevels were required to be broa@@nsistent with

the 3p fit resulty, with the lower binding energy level at
0.80+0.01 eV and the higher one at ¥4.02eV.

The above values for the exchange splitting between ad-
jacent sublevels are approximately twice that found by Hill-  MLDAD has been used to probe the surface magnetism in
ebrechtet al!® (0.5 eV) in their analysis of Fe @ spectra Fe samples with a range of morphologies. The magnetic
from thin (>70 A) Fe films onW(110), and some four times hardness of the Fe samples increases as their dimensionality
the value calculated by Ebest al® of 0.27 eV. Rossi, is reduced. Consistent with results elsewHdréhe Curie
Panaccione, and Sirdttialso deduce an appreciably smaller temperatureT . and critical exponenp decrease as the di-
splitting of 0.35 eV in FEL00. However, the sign of the mension of the Fe features is reducdd. for the islanded
intensity change in each of the sublevels upon magnetizatiofilm is 720 K, while the 150 nm film behaves essentially like
reversal is the same as for the corresponding pg,3ub-  bulk Fe. At very low-Fe coverages, no dichroism signal was
levels. We also find that the relative intensities and intensitymeasurabléat room temperatujeHowever, above a certain
changes on field reversal are similar to those given by Hill-coveraggat which point there is a change in growth mpde
ebrechtet al!® As for the peak-to-peak dichroism data in a dichroism signal is measurable which increases with in-
Fig. 3, the fitted results for thed2,, multiplet are consistent creasing coverage. The Fg 3pectra have been fitted suc-
with saturation forB=0.03 T. From the lack of observable cessfully with Zeeman-like multiplets. Similar fits have been
dichroism in thej =1/2 peak, we conclude not that it is ab- applied to the Fe @ spectra.
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