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Saturation effects are determined in x-ray magnetic circular dichroism spectra, acquired by electron yield
techniques. It is shown that sum-rule extraction of the numbdrhailes, orbital moment, and spin moment are
affected for Fe, Co, and Ni. In particular, errors in the extracted orbital moment values due to saturation effects
can be in excess of 100% and even yield the wrong sign for films as thin as 50 A. They are significant even for
film thicknesses of a few monolayers. Errors for the derived values for the numhikhags and the spin
moment are considerably smaller but may be of the order 10—20 %. Correction factors are given for quantities
obtained from sum rule analysis of electron yield data of Fe, Co, and Ni as a function of film thickness and
x-ray incidence angld.S0163-18269)01009-1

[. INTRODUCTION absorption depth of the incident x rays. Owing to the small
probing depth(of order 20 A in electron yield absorption
With the continued success in the utilization of x-ray measurements, which is a direct consequence of the short

magnetic circular dichroismiXMCD) spectroscopy to ex- €lectron mean free path in soliéisit was originally thought
tract e|ement-speciﬁc magnetic information from heteromagIhat saturation effects would be !nS]gnlflcant. However, it is
netic systems, there is an increasing need to obtain reliabROW known from careful transmission measurenehtisat
quantitative results from measured helicity dependent photd? F& Co, and Ni the x-ray absorption lengths at the,
absorption cross sections. As a variant of x-ray absorptior?dge thresholds*“white line” positions) are quite short

et ; about 200 A. The impact of saturation effects on extracted
spectroscopy, XMCD spectroscopy first introduced in 1987’ﬂina from electron yield XMCD spectra must therefore be

has been extensively used to determine element specific SPlE-examined. The great sensitivity to saturation effects is a

?rg?hionr?illtglsn;ﬁr;rennctnbIe;dgpalqz mng,:;::e;ta?é'r%’tgg:f;ceﬂ consequence of the requirement of accurate determination of
y 9 ' .the L, ; resonance intensities for sum rule extraction of mag-

characterize anisotropy in the orbital moment vector and SPINatic momentd819
i ,15-17 :
density. In this paper we examine theoretically and experimentally

As the analysis procedures become mcreasmglylsmor%e impact of saturation effects on electron yield XAS and
powerful and sophisticated through sum rule analf$iS;**  xMCD measurements for extracting relevant material pa-
concerns over the presence of small systematic errors in th@meters such as the numberdofiolesNsq4 (energy integral
measured data have naturally risen. One area of repeatefl the polarization-averaged absorption cunvand the or-
concern is the possible presence of saturation effects in thgital m,,,,, and spinMmg,i,, momentg(integrals of the XMCD
acquired data. Typically, saturation effects are discussed idifference curves By using polarization dependent trans-
conjunction with fluorescence or electron yield detection inmission spectra as absolute measures of the photoabsorption
x-ray absorption spectroscopy.2>°1%2% They are also cross sections of Fe, Co, and Ni, and from measured values
called self-absorption effeéfsand in conjunction with x-ray ~ of the electron yield sampling depth we find that the satura-
transmission measurements they are commonly termeion effect has a large impact on the orbital moment extrac-
thickness effect?®~28 Saturation effects result in a recorded tion and is significant even for fims as thin as a few A .
signal which is not proportional to the photoabsorptionUnder unfavorable circumstances the derived orbital moment
cross-section as the photon energy is varied. In particular, th@ay even have the incorrect sign. The effect on the derived
intensities of prominent absorption peaks are reduced ofalues for the number od holes and the spin moment are
“saturated.” considerably smaller but may be of the order 10-20 %.

For the important 8 transition metals Fe, Co, and Ni soft
X-ray absorptFi)on studies at the respectivedges are of par- I ELECTRON AND FLUORESCENCE YIELD
. . . - IN MAGNETIC MATERIALS: SPIN DEPENDENT
ticular interest and, for experimental convenience such mea- EFFECTS
surements are typically carried out by means of electron
yield detectior?™*! Saturation effects arise if the electron  The x-ray absorption cross section of an atom is directly
yield sampling depth is larger than or comparable to theproportional to the number of core holes created in the ab-
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sorption proces$t Any process which is a true measure of

the number of created core holes can therefore be used fc ho
guantitative x-ray absorption spectroscopy. For Fe, Co, anc

Ni core holes are created in the Zore shell which is sub- I
sequently filled by Auger electro(®9.2% or fluorescence
(0.8%9 decay®? In magnetic materials the valence band is
split into minority and majority spin subbands with unequal
populations. In such cases the Auger and fluorescence deca
become spin dependéht* and one needs to consider the I=] et
effects of spin dependent deexcitations and, for electron 0
yield detection, spin-dependent transport. We shall discus:
them, in turn, below.

We shall first consider spin-dependent decay effects of a
valence electron into a core hole. The absorption of circu- F|G. 1. Qualitative description d&) transmission andb) elec-
larly polarized x rays creates spin polarized core hdidhe  tron yield methods for x-ray absorption measurements.
subsequent AugerCoulomb operator and fluorescence

(dipole operator decays then involve different matrix ele- number of secondary electrons per primary electfofhere
ments for transitions to final states with different spin con-is no spin filter effect, unlike for low-energy elastic
figurations. For fluorescence decay spin flips are forbiddephotoelectrons® This fact is the reason for the difficulty of
and the spin polarized core hole can only be filled by valenceuilding a spin detector for electrons in the 100—1000 eV
electrons of the same spin. In Auger electron decay the maange. The totalspin-up plus spin-dowmumber of second-
trix element leading to a singlet final stdtevo valence holes ary electrons is therefore proportional to the number of elas-
with opposite spipis larger than that leading to a triplet final tic Auger electrons created in the core hole decay and it is a
state and the emitted Auger electrons exhibit a significangood measure of the x-ray absorption cross section.
spin polarizatior?® Simple two-step models for core to ~ |n summary, the above discussion shows that in magnetic
valence excitation and valence to core d32p)  materials the spin-integrated total electron yield signal is a
deexcitatiod®**would then predict that neithér, ; fluores-  quantitative measure of x-ray absorption. In the following we
cence yield norLM,sM, 5 Auger electron yield measure- can therefore ignore the electron spin in the discussion of
ments are equivalent to XMCD absorption measurements. Iglectron yield saturation effects in XMCD spectra.
particular, spin-resolved Auger electron yield measurements
are predicted to yield enhanced XMCD effects and even
spin-integrated measurements are expected to show devia-
tions from the true absorption signal. However, a more real- Figure 1 depicts the mechanisms of transmission and elec-
istic description of the fluorescence yield in terms of an in-tron yield measurements of x-ray absorption. Figufa) 1
elastic scattering process, involving interference ofshows the transmission method, where the transmitted pho-
intermediate states, shows quantitative agreement betweesn intensity decays exponentially as a function of sample
the fluorescence yield signal and the x-ray absorption crosghicknesst with a decay constant, the linear absorption
section in magnetic material§.More sophisticated models coefficient. The x-ray absorption coefficieatis directly ob-
for the spin-integrated Auger electron intensity are also extained from transmission absorption measurements and is de-
pected to yield a direct proportionality to the x-ray absorp-scribed by the familiar equation
tion cross section. For total electron yield detection, the con-
tributions of the various Auger decay channétsg., all l(hw)=1y e #, (1)
LM,M, channels wherex andy may be valence or core
state$ furthermore average out spin-dependent matrix elewherel is the intensity of the transmitted photorsg,is the
ment effects in the core hole decay. incoming photon intensityy is a function of photon energy
The second effect caused by the spin-dependent barfdw, andt is the sample thickness. We see here that transmis-
structure of magnetic materials is spin-dependent transporsion measurements give the x-ray absorption coefficient
Of particular interest in conjunction with total electron yield from measuringl/l, as a function of photon energyw,
XMCD measurements, performed without spin analysis, issince u=—(1#)In(l/l). To maintain a measurable photon
the electron yield sampling or escape depth. In our case, thatensity after transmission, the sample must be of finite
electron escape depih is the average depth from which the thickness(less than about 2/,a, Where pyay is the maxi-
measured spin-up and spin-down electrons originate. Thewum value of the energy-dependent absorption coefficient in
further away the excited atom is from the surface, the lesthe energy range of intere®). With transmission measure-
likely the primary and secondary Auger electrons will escapements, saturation in the signal occurs when either the sample
from the sample. The total electron yield signal from thethicknesst or the absorption coefficient is too large. At
sample is dominated by the inelastically scattered electrothese conditions, the transmitted intensitysaturates” at
cascadgsecondary electrop®riginating from the primary  zero, no matter what the variation in the energy-dependent
spin polarized Auger electroi$3! Measurements of the spectra might be. However, this is usually not a problem,
transmission of spin polarized electrons through a ferromagsince the sample thickness can typically be adjusted.
netic metal reveal that high-energgbove about 50 eV Figure Ib) shows the electron yield method, where the
spin-up and spin-down Auger electrons produce an equalumber of electroné&nd hence the rate of absorpti@an be
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(a) Transmission (b) Electron yield

Ill. DESCRIPTION OF SATURATION EFFECTS
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FIG. 2. lllustration of saturation effect for Fe. Left: The difference in the x-ray intensity arriving at depth,=17 A is shown,
compared to the incident x-ray intensity 20 (I,=1). Center: Probability of electron escape, plotted in a horizontal bar graph as a
function of deptte. The probability of escape is unity at the sample surfazeq) and drops to ¥atz=X\.. Right: Hypothetical electron
yield spectra generated from the absorbed photons in layers at azeptndz=\.. The measured total electron yield spectrum outside
the surface consists of contributions from the various layers weighted by the probability of escape from the(shwfanen center

measured by counting the electrons which escape from the dYe(2)=dYeo(z) e Ve, )
surface of the samplé (however, this signal may not accu- ’

rately reflect the rate of absorption, as will be discussed bewhere z is the depth from the surface amty,y(z) is the
low). In total electron yield measurement the intensity of thenumber of electrons produced in a layer of thickndgsat
escaped electrons is recorded with a channeltron electron ddepthz. In the center panel of the figure, each bar represents
tector or, more simply by direct measurement of the electria dz=2 A thick layer of Fe, and the two darker bars repre-
cal current from the sample to the ground by means of &ent the layers at the surface=0) and at one electron
picoammeter. In Fig. (b), 6 is the x-ray incidence angle escape depthz&\,=17 A) below the surface.

from the surface normal, is the x-ray penetratiotength In Fig. 2, it is assumed that the incident flux is constant
(also called the x-ray attenuation lenptihich is the inverse  over the photon energy region of theedge(top left). At the

of the absorption coefficient\(=1/u), A\, cos@ is the x-ray  surface layer, therefore, the electron yield will exactly re-
penetrationdepth and\, is the electron sampling or escape semble the shape of the true Fe absorption specftom

depth discussed in the previous section. right). As the photons pass through the various layers, they
are absorbed. In the bottom left figure, we see a 10% drop of
A. lllustration of saturation effects the incident x-ray intensity at the; absorption edge at a

) ) _ ) depthz=\., whereas there is hardly any drop in the pre-
The degree to which saturation of the signal occurs in thgqge region. This reduced flux directly affects the electron
electron yield signal depends on the relative photon penetrg;ie|d from this layer as shown in the bottom right of Fig. 2.
tion depth and electron escape depth. The saturation mech@ze see a 10% drop at they edge in the hypothetical elec-
nism in electron yield can be illustrated from an example inggn yield (unweighted for escape probabilitfrom this
the extreme case where the x-ray penetration depth is mughyer. The total electron yield signal is simply the sum of the

shorter than the electron escape depth. All incident photongontributions from the various layers weighted by the elec-
will be converted into photoelectrons and therefore the elecyon escape probability shown in the center.

tron signal is proportional only to the incident photon inten-
sity |, and not to the absorption coefficient Hence we see
that the electron yield signal has completely saturated in the
limit Ag>\, COS6. The two important parameters which describe the energy
Figure 2 illustrates the electron yield saturation effects independence of the electron yield are the x-ray penetration
more detail. Our model calculations used parametgrand  depth\, cosé, and the electron escape depth. The x-ray
u for Fe (see belowand assumed an x-ray incidence anglepenetration length, is the inverse of the x-ray absorption
of #=0°. In this figure, the horizontal lengths of the gray coefficientu, and its values for thé, ; absorption edges for
bars in the center represent the “weight” of the electronthe elements Fe, Co, and Ni, obtained from reported trans-
yield signal for each layer—i.e., the length of the bar repre-mission dat&® are shown in Fig. 3. The electron escape
sents the number of electrons which actually reach the sudepths for bulk Fe, Co, and Ni were experimentally deter-
face and escape if the rate of electron production were theined by preparing a wedge sample for each element as
same for every layer. The number of electrons that reach thghown in Fig. 4 and measuring the respectivedge elec-
surfacedY,(z) decays exponentially as a function of depthtron yield spectra at various sample thicknesses. From the
of the original x-ray absorption procéss measured spectra we determined theandL, and the con-

B. Quantitative description of saturation effects
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FIG. 3. X-ray penetration length at tihe , edges of Fe, Co, and trons (we ignore secondary processes such as the reabsorp-
Ni, obtained from transmission dat&ef. 30. The penetration tion of emitted fluorescence photons from core-hole relax-
depth is about 6000 A in the pre-edge regiomt shown, where  atior). The high-energy Auger electrons created in the core
the photon absorption rate is small. hole decay are predominantly responsible for the secondary

electron signal which dominates the total electron y#ld.
tinuum (40 eV abovel ; energy edge jumps),*! defined as  The number of Auger electrons created in the sanipie
the differences in spectral intensity at the three energies relaluding Coster-Kronig transitionsat depthz within thick-
tive to those below the; edge. For our wedge structures the nessdz per unit time isd Y, o(z), and is given b§*
Fe, Co, and Ni edge jumps increase with the thickrtesk
the magnetic layers according to wdz
dYeo(z)=1ge #7050 ——

: 4
I=3[1—exp—t/ng)] 3) cosd
Here, | is the number of photons incident on the sample,
Iroe"‘z’cosa is the same quantity at depthof the sample,

Sz/cosﬁ is the distance traversed by the photons through the

sample before they reach depthé is the x-ray incidence

assuming that the x-ray penetration depth is much longe
than the electron yield sampling depthcosé>\.. HereJ,,
is the edge jump value in the limit of large sample thicknes

> .. Within experimental error bars<{10%) w in . .
>Ae thin experimental error bars{10%) we obtained angle from the surface normal, apddz/cosé is the fraction

the same values fok, from fits of the three edge jump o .
curves, indicating that for the present analysis the approxi9f photons absorbed within thickneds. We assume negli-

mation\, cosf >\, is adequate. The results for the thicknessglble x-ray reflection at the sample surface which is a good

dependent post-edge minus pre-edge jumps, normalized {aossumption for x-ray incidence angles within the range 10°

J.,=1, are shown in Fig. 4. From the fits we determine elec> 6=<90°, and that the probability for the emission of an

tron sampling depths of 17 2 A for Fe and 2% 3 A for Co Aﬂ?cir igliszao?o?l:ﬁeti-ﬁgs g::g]r%yogggevﬂc?nqg elgsogflty'
and Ni. We note that, in general, the electron sampling depti000 eV} for Fe, Co, and Nf?

depends.o.n the crystallograph_ic and electronic structure. F The net total electron yielt, of a sample of semi-infinite
the transition metals the most important parameter appears H%ickness can be described gy substituting &.into Eq

be the number ofi hole$?*3 which is approximately con- : .
stant for different crystallographic phases of the metals Fe(z) and integrating over the depihrom z=0 to z=c and

Co, and Ni, respectively. We therefore believe the aboveéccounting for thg electron cascading process and escape into
values for\., within the quoted error bars, to be represen—v"’muurn we obtain
tative for the three metals.

The electron yield signal is comprised of photoelectrons, Y.=C
Auger electrons, and secondary electrons generated from the ©

1
1+)\e/)\xcosﬁ) # ®



PRB 59

ELECTRON-YIELD SATURATION EFFECTS INL-EDGE . . .

6425

1 S pF T T3
o
0.9 S ]
. :4/ 8 — —
0.8 : ]
g o T
0.7 S 1
£ 4F 7
«— 0.6 Bt
gosl, o \J\ Fe [\ A co Ni 1
< 2 ) _J
g Jos) 01 I | L | L | I |-
= 700 750 800 850 900
é 1 - Photon Energy (eV)
I
S 0.9 prrmmmrmm e T2
L - = 0
081 [ 00003 El Y
0.7F | -———= Agh=0.02 5 =2
06l | T rdh=0.10 g Fe i Co Ni
g - 700 720 740 760 TR0 800 840 86D 880
05} (b) Photon Energy (eV}

0 10 20 30 40 50 60 70 80 90
X-ray Incidence Angle 6 (deg.)

FIG. 6. Absorption spectra obtained by transmission measure-
ments(Ref. 30, corresponding to 100% circular polarization and
alignment of the photon spin and magnetization direction.

FIG. 5. Correction factoff (6,\,,\¢) as a function of(a) the
electron escape depth to x-ray penetration depth Kafia, and(b)  trum, respectively. As the x-ray incidence angle increases
the x-ray incidence angl@ (for various values of\¢/\,). The  (approaches more grazing angles relative to the surftoe
plotted N¢ /A values 0.003, 0.02, and 0.10 correspond to the Prex-ray penetrationdepth A, cosé is made artificially shal-
edge, post-edge, arld; peak energies in Fe, respectively. lower, although the x-ray penetratitength\,, remains un-
changed. In such cases, the electron escape depth to x-ray
The proportionality constant is given b§=1,GA./c0sé  penetration depth ratio increases dramatically, and we see
where the electron gain functid®, which is proportional to  that the saturation effect is larger at grazing angles than at
the photon energy, describes the average number of electropgrmal x-ray incidence.
produced through a “cascade” process initiated by a single The above description for samples of semi-infinite thick-
Auger electrorf.” C increases with the electron sampling ness can readily be extended to samples of finite thickness
depthi and through the cogterm it is enhanced at glanc- |nstead of Eq(5) the electron yield is then given by
ing x-ray incidence because the photons are absorbed closer
to the surface and produce more photoelectrons.

The saturation effect in Eq5) is explicitly expressed by
the correction factor

Ye(t)IC {1_eft(1/>\e+1/)\x cosﬁ)} W (7)

1+Ng/N,COSO

We shall also consider this case below.

f(ON A=, (6)
T 14 Ne/NcosO IV. MODELING OF SATURATION EFFECTS

which is a function of the ratio../(\, cosé) as discussed IN Fe, Co, AND Ni

earlier. Wheni, cosé>\,, thenf=1 andY.=Cpu, and The quantitative form of the electron yield signal given by
there is no saturation effect, but whag>\, cosé, then f Egs. (5) and (7) shows that, in general, the removal of the
~\4 Cosb/\, and Y= C/\.=const, and we have total satu- saturation effect is difficult, since this requires inverting the
ration. nonlinear energy dependent electron yield function. The
We can examine the dependency of this correction factoproblem is that the correction factbiis energy dependent.
on the escape-to-penetration depth ratio and the x-ray inciFor example, one may fit the measured electron yield spec-
dence angle. Figure(& showsf as a function of the ratio of trum Y (%) to the true absorption coefficiept in the pre-
the electron escape depth to x-ray penetration depth, for @nd post-edge regioffswhere according to Fig. (b) the
<(No/NgcO0sH)=<1. For the correction factor to approach saturation effects are small, but then the white line intensities
unity within 1%, A./\, cosd must be less than 0.01. In the remain saturated. In contrast, the determination of the size of
range 0.0% A /N, cosé<1, the electron yield signal is nei- the saturation effect is an easy task if the electron mean free
ther directly proportional tg« nor completely saturated, and path A, and uw=1/\, cosé are known, since the electron
this is the range where most of the resonance absorption dagéeld can be calculated and modeled. Below we shall use this
lies. procedure to determine the effect of signal saturation in elec-
Figure 8b) shows the correction factor as a function of tron yield XAS and XMCD spectra for Fe, Co, and Ni films.
the x-ray incidence anglé at selected../\, ratios. Here the In order to model the electron yield and hence its satura-
values\./\,=0.003, 0.02, and 0.10 correspond to the pre-ion, the absolute energy and polarization-dependent x-ray
edge, post-edge, ard; peak energies in the Fe XAS spec- absorption coefficients for the relative alignment of photon
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FIG. 7. Saturation effect modeling in electron yield mode for bulk Fe. We have plotted the fraction of the values for the number of holes
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relative to those obtained from ideal unsaturated data, as discussed in the text. Left: as a function of x-ray incidence angle, measured with
respect to surface normal. Right: as a function of sample thickness, for nofm&°() and grazing §=70°) x-ray incidence.

spin (helicity) and magnetic moment directions must betion and alignment of the saturation magnetization direction
known near thel s, resonances. Data from transmissionalong the photon spin direction. The spectra were obtained as
mode XMCD measurement§,used to determine the cross follows. The background signal was removed from the mea-
sections, are shown in Fig. 6. The absorption speaffg,  sured transmission data according to tabulated pre- and post-
and uye, for bulk Fe, Co, and Ni shown in this figure have edge continuous cross sectidfisThe dichroism difference
been recalculated to correspond to 100% circular polarizaspectra, obtained by substraction of the measured helicity
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FIG. 8. Saturation effect modeling in electron yield mode for bulk Co, similar to Fig. 7.
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FIG. 9. Saturation effect modeling in electron yield mode for bulk Ni, similar to Fig. 7.

dependent absorption spectra, were then corrected for tHfeom the electron yield signal originates from signal satura-
finite angle between the photon helicity-direction and thetion at the resonance peaks. The orbital and spin magnetic
sample magnetization direction in the transmission geometrygnoments behave similarly, since the dichroism sigitlaé
(cos 45°) and for incomplete circular polarizatiér6%).3°  difference of theoc= =1 photon absorptionalso decreases
The corrected helicity dependent x-ray absorption spectran size due to the saturation effect: The signal from the
tiheo @Nd iireo, Were then calculated by adding and subtract-higher resonance peak from one of the polarizations- (

ing the corrected dichroism difference spedtt@0% polar- —1 absorption atl s, for examplg is saturated more than
ization) to the average of the measured absorption spectrthat of the other polarizationo(= + 1 at the samé ; peak,
(M;rxp+ M;x[)/z'

The saturation effect was modeléd as a function of Lop © 0 0 P bt
x-ray incidence angle for samples with semi-infinite thick- ogf| ©9=0 4
ness and(ii) as a function of sample thickness, for x-ray sg
incidence angles of=0° and 70°, for bulk Fe, Co, and Ni. s 06F E
For each point in the absorption spectra, Eg). for semi- & o4f E
infinite thickness samples and E(f) for finite thickness E : ]
sample were appliesettingC=1), and a new theoretical 0zp E
electron yield spectrum was calculated, using Xhevalues w0kl L oy oy 4

0.6 1 1 T T T T T T 3

obtained from the wedge sample measurements.

Once the calculated electron yield specta and Y,
were obtained, sum rule analy?&8'°were applied to ob-
tain the orbitalm,,, and spinmg,;, moments and the num-
ber ofd holesN3q4. For thed-hole determination we used the
white line intensity of the Yo +Y,)/2 spectra. The deter-
mined values were then compared to those obtained from the

o
<
~

Fraction of m ¢
=3
o

correspondingu e, and ue, SPECtra, and their ratios are 2B 1 o
shown in Figs. 7-9, for Fe, Co, and Ni, respectively. In each 0 10 20 30 40 50 60 70 80 90 100
case, the same procedures were used so that the calculated Degree of Polarization (%)

corrections are entirely due to saturation effects. _ o i
FIG. 10. Saturation effect modeling in electron yield mode as a

function of degree of circular polarization for bulk Fe. We have
V. RESULTS plotted the fraction of the values for the spin magnetic moment
(mgpi and the orbital magnetic momening,,) obtained by sum
In every case, we observe that the saturation effect resuligie analysis of electron yield data recorded at x-ray incidence angle
in a decrease iMN;y compared to the analysis of the true ¢, relative to the values obtained with unsaturated 100% polarized
absorption spectra. The reduced valuesMagy determined data. The solid line is a linear fit to the calculated data points.
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and hence the difference of the two, the XMCD effect, isthe electron yield dichroism data, which contain saturation

smaller with electron yield detection compared to the trueeffects, are seen to depend linearly on the degree of circular

dichroism signal. polarization for all x-ray incidence angles. Therefore, ac-
Of the three quantitiesn,,, Mgyin, and Ngg the orbital  cording to Figs. 7-9, the order of correction of the measured

magnetic moment is affected to a much larger degree conelectron yield data does not matter.

pared to the spin moment or the numbeddfoles. Since the

saturati_on effect is I_arger for thie; thar_l thel__z intensities VI. CONCLUSION

the orbital moment is more effected since it corresponds to

the differencebetween the absolute dichroism intensities at We have modeled saturation effects in Fe, Co, and Ni

the two edges, as opposed to a sum of areas for the other twg ~edge photon absorption spectra recorded by electron

cases. For the case of Fe, we see that the orbital magnetjeeld detection for different sample thicknesses and x-ray

moment can actually appear to be negative due to electraincidence angles, and determined their effect on the derived

yield saturation, for x-ray incidence angles larger than 70°values forNzq, mg,,, and my,. We have found that the

On the other hand, the hole count and the spin moment anealues determined from electron yield data are always less

affected less by saturation effects, up to 15 and 23 %, respethan the actual values due to saturation, and that the orbital

tively. The degree of error for the hole count and the spirmagnetic moment determination may be severely in error

moment are related in going from Fe to Co to Ni. It is im- due to saturation effects. Smaller errors are found for the

portant to note that saturation effects can be significant fohole count and the spin magnetic moment. We have provided

very thin samples. The extracted orbital moment for a 10 Aplots for Fe, Co, and Ni which allow the correction of ex-

Fe film at 70° x-ray incidence angle is only 60% of the trueperimental XAS and XMCD data obtained with electron

value. yield detection. These should allow a more accurate determi-
In practice, almost all measured electron yield spectranation of materials parameters from electron yield x-ray ab-

contain effects due to, both, saturation and incomplete circusorption spectra.

lar polarization. The question arises whether the sequence of

corre_ction for saturation and polarizatiqn e_ffects matters. ACKNOWLEDGMENT
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