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A method to determine the absorption coefficient near the onset of core-electron transitions for
concentrated samples using fluorescence-yield (FY) detection is presented. Measuring the FY signal
for different experimental geometries, we are able to calculate the true absorption coefficient. Thus
we are able to correct fully for saturation effects present in FY spectra of concentrated samples. The
technique is demonstrated for Co and a buried layer of CoSi,.

I. INTRODUCTION

The x-ray-absorption near-edge structure (XANES) in
the soft-x-ray region is in most cases monitored by elec-
tron yield (EY). Because of the limited escape depth of
the electrons, the EY spectra do not reflect bulk proper-
ties but are largely dominated by surface effects. Though
the escape depth can be varied in EY measurements by
choosing an energy window in the partial-yield mode,
tedious sample preparations are necessary to minimize
effects produced by adsorbates. For most materials even
the clean surface contribution cannot be neglected. This
problem has been recognized, e.g., in the study of high-
T. superconductors, where unambigious XANES results
cannot be achieved using EY methods.! EY techniques
are, for the same reason, not well suited to study buried
structures. Fluorescence-yield (FY) detection has re-
cently been introduced as a technique for the study of
real bulk properties. As Jaklevic et al.? pointed out, this
technique of recording x-ray absorption is especially use-
ful in the investigation of dilute samples and thin layers.
In these cases the FY signal is directly proportional to
the absorption coefficient in question. Additionally, the
signal-to-background ratio is higher in FY than in EY
measurements of dilute samples and FY detection can
easily be used in the presence of magnetic fields, e.g., in
measurements of the magnetic circular dichroism. For
concentrated bulk samples, however, the measured FY
is not proportional to the absorption coefficient. The
experimental FY spectra exhibit distortions due to so-
called “self-absorption effects”.? 4 These distortions vary
with the geometry of the experiment. They are caused
by the absorption of both the exciting photons on their
way into the sample and the absorption of the generated
fluorescence radiation on its way out of the sample.

The effect is illustrated in Fig. 1. In a grazing-incidence
geometry as shown in Fig. 1(b), all incoming photons
are absorbed close to the sample surface compared to
the photon penetration length. If the electron transition
investigated dominates the absorption, nearly all gener-
ated fluorescence photons will be able to escape out of
the sample into the detector in a normal takeoff setup,
as their way through the sample is short compared to the
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penetration length. Consequently, the signal is nearly in-
dependent of the absorption coefficient, which we intend
to measure in a XANES experiment. We note that all
techniques that take advantage of a large escape depth to

fluorescence photons
to detector

exciting photons
from monochromator

(a) general geometry

(b) grazing incidence,
normal take-off

(c) normal incidence,
grazing take-off

FIG. 1. In this figure we illustrate the influence of the ex-
perimental geometry upon the saturation effects observed in
the FY. (a) shows the general geometry: Radiation from the
monochromator enters the sample under the glancing angle
o and may give rise to fluorescence radiation from the sam-
ple. The fluorescence radiation is detected under the angle (3.
In our setup a + 8 = 90°. (b) shows the grazing-incidence
normal-takeoff limit. If the electron transition investigated
dominates the absorption, nearly all generated fluorescence
photons contribute to the signal. Now the signal is nearly in-
dependent of the absorption coefficient of the sample and thus
saturated. In the normal-incidence grazing-takeoff limit pre-
sented in (c), the signal becomes more and more proportional
to the absorption coefficient because of the self-absorption ex-
perienced by the outgoing fluorescence photons, as fluores-
cence radiation generated deep in the sample cannot reach
the detector.
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monitor bulk properties share this problem. As the spec-
trum appears to be saturated, this effect is sometimes
adressed as “saturation effect” in FY spectra. This is
simulated in Fig. 2 for the Co Ly 3 edges.

In the normal-incidence grazing-takeoff limit as shown
in Fig. 1(c), however, the signal becomes more and more
proportional to the absorption coefficient. The absorp-
tion of the generated fluorescence radiation on the way
out of the sample attenuates the fluorescence radiation.
If the absorption coefficient of the sample is high, most
fluorescence radiation will be produced close to the sur-
face; consequently the detected signal is high. If the ab-
sorption coefficient is low, a larger amount of the fluores-
cence is produced in deeper regions of the sample, thus
contributing less to the detected signal.

So it is qualitatively clear that the saturation effects
in the FY signal become weaker in a normal-incidence
grazing-takeoff geometry. However, we want to add that
the term “self-absorption effect” used to explain the dis-
tortions in the grazing-incidence FY spectra is mislead-
ing, as the lack of self-absorption produces saturation.

For the x-ray-absorption fine-structure (EXAFS) en-
ergy range, the saturation effects can be corrected for us-
ing the information of the smooth background of the long
data set.® This is impossible on the short energy interval
of interest in XANES. A normal-incidence grazing-takeoff
geometry has been used to record XANES spectra as the
saturation effects can be reduced in such a geometry.
However, in practice it is difficult to know whether the
saturation effects are fully eliminated at the chosen ge-
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FIG. 2. Simulation of Eq. (1), demonstrating the satura-
tion effects observed in x-ray-absorption spectra of concen-
trated samples detected by FY. The energy is measured rel-
ative to Co 2p3z electron binding energy. The calculations
were carried out for Co using EY data as input (squares). It
was assumed that fiother = const = tot(Ef), where the con-
stant is 14% of the rise of the absorption coefficient over the
Lo,3 edges (Refs. 7 and 8). The intensities were calculated
for geometry factors g of 0.1 (5.71°), 1 (45.00°), 3 (71.57°),
10 (84.29°), 30 (88.09°), and 100 (89.42°) and scaled to the
L3 peak for better comparison. See Sec. IV for a detailed
discussion.
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ometry.

We report a different approach to determine the ab-
sorption of concentrated bulk samples by FY detection.
As the absorption of the photons and the angular de-
pendence can be described analytically, it is possible to
determine the specific absorption coefficient of interest
by analyzing FY spectra recorded at different angles.

II. THEORY

Consider a flat sample with thickness d oriented as
shown in Fig. 1. Photons of energy E enter the sample
with incident glancing angle a and can produce a core
hole in a level X if their energy is sufficiently high. With
the probability wx the hole decays by the emission of a
photon with energy E;. If the photon leaves the sample,
it can be detected at takeoff angle 3 by the detector with
efficiency 7. Let ux be the absorption coefficient associ-
ated with the production of a core hole in the investigated
level X; ftot = X + Mother 1S the total absorption coeffi-
cient of the sample, while pother describes absorption due
to shallower core levels, valence levels, and other atomic
species. The measured intensity is given by?

A ,UX(E)
I*(B) = nZwxIo(E '
(E) r2 (E) ot (E) + teot (Ef) 505
“ kot (Ef)
x|l — e~ (BT EET (1)

Io(E) denotes the intensity of the incoming light, A
is the active detector area, and r is the distance to the
sample. The formula reflects the facts that the incident
radiation is absorbed according to pioi(E) and that the
absorption of the produced fluorescence radiation with
the unique energy Ey is characterized by piot(Ef). It
is derived by integrating the law of absorption with the
corresponding absorption coefficients over the paths of
the photons through the sample. The variation of 8 due
to the solid angle A/r? covered by the detector is assumed
to be small.

Thick samples are characterized by

E) | #tot(Ef)
- (HpBlptenil)a g (2)

i.e., the sample is thick with respect to the photon pene-
tration depth. In this limit the exponential term can be
neglected and the measured intensity is given by

px(E)
Peot (B) + ot (Ef)g

1% (B) = n gwx () 3)
The spectra are angle dependent via the geometry
factor g := sin(e)/sin(B). Thus, if measurements are
carried out at different geometries g1 and gz, different
spectra IX(E) and I (E) will be observed. Using the
normalized experimental spectra I;(E) := I (E)/Io:(E)
and ¢! = n<fwx the two spectra can be described as

ux(E)
ot (B) + ptot (Ef)gn

(4)

-1
Il =C
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and
px(E)
Htot (E) + piot(Er)g2

These equations can be solved for the absorption coef-
ficients:

-1
Iz = C2

(5)

2c2l2(E) — gic1l1(E)

g
ttot (B) = pos (Er) c1l1(E) — c2l2(E) ©

and

Clll(E) CzIQ(E) (7)
lel(E) —CzIQ(E) ’

px(E) = piot(Ef)(92 — 91)

By determining the quantities I;(E), g;, and ¢; the
the absorption coefficients can be evaluated relative to
trot (). I;(E) and g; are directly measurable, and be-
low we will discuss how the uncertainty in ¢; can be taken
into account.

Note that in Eq. (7), the geometry factors g; are only
scaling the spectrum and do not affect its shape. This
means that one does not have to accurately determine the
geometries. Any two spectra recorded at different angles
will produce the same px shape as evaluated by Eq. (7).
However, as the information depth changes as a function
of the angle, for inhomogenous samples two geometries
corresponding to the same information depth should be
chosen. This is discussed in more detail in Sec. IV. It
must also be noted that it is helpful to choose geome-
tries resulting in two significantly different experimental
spectra to minimize errors due to the denominator of
Eq. (7). A second advantage of Eq. (7) is that it is valid
not only on the high-energy side of an absorption edge,
but also below the edge. If the photon energy is low-
ered below the threshold value, all measured intensities
drop to zero. While Eq. (6) is no longer defined in this
limit, Eq. (7) still holds, as the numerator approaches
zero quadratically in contrast to the denominator.

In the case where ¢; = ¢ = cg, Eq. (7) can be written
as

s (B) = (B 0n = 31)e 7o s 3 (6)

i.e., the shape is neither affected by the geometry factors
g; nor by the proportionality factor c.

However, it can be experimentally difficult to fulfill the
condition ¢; = c3. If that is not possible, ¢; and ¢y have
to be determined in order to use the expressions (6) and
(7).

This problem can be solved by using assumptions
about fother. If the level of interest X is separated far
enough in energy from adjacent core levels, it is a good
approximation to use fosher = const on the narrow energy
range of interest in XANES. If one can further assume
that all the emission falls below the absorption edge, this
constant equals peot(Ff):

teot(E) = px (E) + pot(Ey) - (9)

Using Egs. (6) and (7), Eq. (9) can be rewritten as
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o L(E)(1+g2) — 2 Ii(E)(1+g1)
' L(E)(E)(g2 — 91)

As c; and ¢, must be independent of energy, this equation
can be used to determine these factors. The ratio c;/co
has to be varied as a parameter until c; is constant as a
function of energy.

Using this method, it is easy to evaluate ¢;,2 with suf-
ficient accuracy so that the formulas (6) and (7) can be
used to determine the absorption coefficients. It must be
noted that this procedure depends on the determination
of the correct values for g;.

(10)

III. EXPERIMENTAL DETAILS

Soft-x-ray near-edge absorption spectra were recorded
for the Co L3 edges of various samples using the 1221
lines/mm grating of the SX700-2 monochromator at the
BESSY synchrotron facility, Berlin. Using a 45-um exit
slit, the energy resolution is about 1.2 eV at 780 eV
photon energy. The photon flux was determined by a
high-transmission gold mesh. Fluorescence radiation was
detected 90° from the incident-beam direction by a Ge
solid-state detector coupled to a multichannel analyzer
resulting in an energy resolution of 100 eV at a pho-
ton energy of 780 eV. Thus we were able to select the
Co Ly 3 radiation in a partial-yield mode. Additionally
to this partial fluorescence yield, the total electron yield
was recorded by a channeltron, 45° from the beam di-
rection. As the detector was always 90° from the beam
direction in our setup, the geometry factor is given by
g:=555 =tana.

We demonstrate that the method described in Sec. II
gives the same results as EY for polished and sput-
tered Co metal and a CoSi; single crystal and apply the
method to an ion-beam-synthesized CoSiz layer® of 50
nm thickness buried below the surface of a Si wafer.

IV. RESULTS AND DISCUSSION

To illustrate the effects associated with self-absorption
in the fluorescence-yield detection of XANES for concen-
trated samples, Fig. 2 shows a simulation of the basic
equation (3) for Co, in the experimental geometry de-
scribed above, using EY data as input for ux. Here
tiot (Ef) was estimated to be 14% of the total rise of the
total absorption coefficient over the Lj 3 edges”™® and the
validity of Eq. (9) was assumed. As the total intensity de-
creases with increasing glancing angle, the calculated FY
spectra and the EY input data have been scaled to the
L3 edge jump in Fig. 2. Besides the fact that the overall
signal gets more intense in grazing incidence, the main ef-
fect of the self-absorption is to enhance low-signal regions
of the spectrum under the grazing-incidence conditions.
As high-signal regions of the spectrum are less enhanced,
the spectral features are more and more “washed out”
if a setup with more grazing incidence is chosen. Thus
the spectrum appears to be saturated. The absorption
edge is broadened due to this enhancement of low-signal
regions and appears to be shifted to lower energies for
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lower g values. Consequently it is of utmost importance
to correct for these effects when electron binding energies
are to be determined.

For g — oo, which corresponds to a normal-incidence
grazing-takeoff geometry, the FY signal approaches the
real absorption spectrum, a fact which has been used to
record FY spectra.? This is always true, if (utot(Ef) g)
dominates the denominator of Eq. (1). If on the other
hand piot(E) > (utot(Ef) g), the saturation effect can
still be small if pot(E) > px(F). This condition de-
fines the dilute sample limit, where pother is high due to
the presence of other atomic species. The smaller pother
gets, the stronger is the saturation effect in the FY spec-
tra, leading to a completely saturated signal in the ex-
treme case where piot(E) = pux(E). Thus a geometry
characterized by a sufficiently high g has to be chosen to
monitor the absorption if the data is not corrected for
these effects. Then, however, count rates are lower due
to the strong self-absorption.

In Fig. 3 experimental data for the Co L3 absorption
edge of a polished and sputtered Co sample are shown,
demonstrating the effect of self-absorption in the FY
spectra. Two FY spectra recorded at different geometries
are compared to the EY signal. Because of the small es-
cape depth even for inelastically scattered electrons, the
EY signal can be assumed to be proportional to the ab-
sorption coefficient of Co. The prominent peak visible
can be related to the density of unoccupied electronic
states of d symmetry at the Co atom.

The calculated self-absorption effects as presented in
Fig. 2 are clearly visible in the experimental spectra. The
grazing-incidence (glancing angle o« = 27.0°, g = 0.51)
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FIG. 3. Co Lz XANES as detected by EY (squares) and
FY (circles) as a function of photon energy. Intensities have
been normalized to the L3z peak. FY spectra have been
recorded for two different experimental geometries: glancing
angle of incidence 27.0° (open circles) and 85.0° (solid circles).
Strong saturation effects are present in the 27.0° spectrum:
Low-signal regions appear to be enhanced. The saturation ef-
fects are reduced in the 85.0° geometry but are still distorting
the shape of the spectrum, as indicated by comparison with
the EY data.
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FY spectrum differs clearly from the EY spectrum. The
pre-edge signal is enhanced, resulting in a broadening
of the peak and an apparent shift of the edge. In con-
trast to the real absorption coefficient, the intensity does
not drop significantly on the high-energy side of the ab-
sorption edge. In the normal-incidence (glancing angle
a = 85.0°, g = 11.4) FY spectrum the saturation effects
are smaller, but the signal is still not proportional to the
absorption coefficient as measured by total EY, demon-
strating the need to correct for the angle dependence of
the FY spectra.

The two FY spectra as shown in Fig. 3 have been used
to calculate the total absorption coefficient po(E) and
the absorption coefficient ur,(E) assocciated with the
production of the Co 2ps core hole using Eqgs. (6), (7),
and (10). The results are shown in Fig. 4. The absorption
coefficients are plotted in units of the total absorption
coefficient below the L3 threshold pot(Ey). As expected,
the two spectra differ only by an additive constant. As
this behavior was assumed by using Eqgs. (9) and (10) to
determine the constants c¢;, this demonstrates the self-
consistency of the procedure.

Note that piot(E) calculated according to Eq. (6) is
more influenced by the uncertainties of the two input
data sets than pr,(F). As pointed out in Sec. II, Eq.
(6) used to calculate pot (E) is not well defined below the
absorption threshold; consequently the plotted o (E)
curve is not correct in this energy range. This results in a
large variation and an incorrect offset of the ptot(E) curve
relative to pr,(F) in the pre-edge region. Nevertheless,
if the post-edge offset of the two absorption coefficients is
used, the pre-edge value of the total absorption coefficient
can be determined approximately as piot(E = 771 eV)~
Utot(Ef), again demonstrating the self-consistency of the
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FIG. 4. Total absorption coefficient usot (open triangles)
and the absorption coefficient associated with the creation
of a Co 2ps core hole pr, (solid circles) as a function of
photon energy. One unit on the y axis corresponds to the
total absorption coefficient at the fluorescence photon energy
Ef. The spectra have been calculated from the FY data in
Fig. 3 using Egs. (6), (7), and (10).
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analysis. It can be estimated that p.(E) increases by
a factor of 4.5 £ 1.5 when the energy is varied over the
Co L3 and Lo edges, which is slightly lower than other
values reported.”-8:10

The absolute values of the absorption coefficients cal-
culated in this way depend on a correct determination of
the experimental geometry. In our measurements the an-
gle of incidence was determined to an accuracy of 1°. The
uncertainty in the takeoff angle due to the acceptance of
the detector was 10° for the closest detector position.
We estimate the resulting error for the determination of
absolute values of the absorption coefficient to be about
50%.

However, in most experiments relating the XANES to
the electronic structure the correct shape of the absorp-
tion coefficient is of primary importance. Thus the de-
rived ur, (E) absorption coefficients will be used in fur-
ther discussions, because (a) this is the physical property
of interest with respect to the electronic structure deter-
mination in XANES, (b) ur, (E) as determined by Eq. (7)
is well defined over the whole energy range, and (c) it is
not as sensitive on the statistical scattering of the input
data as piot(F).

In Fig. 5 the FY derived pr,(F) for Co is compared
to the EY signal. Compared to the uncorrected normal-
incidence FY spectrum presented in Fig. 2 the improve-
ment is obvious: ur,(E) as derived from the angular
dependence of the FY as outlined above fits very well to
the EY spectrum. Assuming a constant branching ratio
between the fluorescent and the nonfluorescent relaxation
channels across the energy range of interest, the agree-
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FIG. 5. Co L3z XANES spectrum derived from the FY
measurement (solid circles) as presented in Fig. 4 compared
to the EY spectrum (open squares). The FY derived spec-
trum is in good agreement with the EY spectrum, when the
uncertainty due to the statistics and the determination of the
experimental geometry are taken into account. The error bars
illustrate the influence of an erroneous determination of the
experimental geometry on the shape of the derived XANES
spectrum. They represent the absorption coefficients derived,
if the angle of incidence is +1° different from the value used
for the calculation of the dotted spectrum.
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ment between FY and EY supports the validity of the
analysis method. Both the L3-edge position as well as
the overall shape are reproduced, when the error due to
the statistics and the determination of the geometry fac-
tors are taken into account. The uncertainty due to the
angle measurement is indicated by the error bars. Their
top and bottom points represent the derived absorption
coefficients, if the angle of incidence is +1° off the value
used for the dotted spectrum. Even for a detector po-
sition close to the sample, the error due to the detector
acceptance angle is slightly smaller. It could be reduced
by placing a slit in front of the detector in future exper-
iments.

Note that this angular dependence is not given by
Eq. (7) itself. It enters indirectly via the use of Eq. (9) to
determine the proportionally factors ¢; := (r2)/(Ainwr,)
in the two FY spectra as described in the theory section.
This method is illustrated in Fig. 6 showing the value ¢;,
the constant of proportionality for the grazing-incidence
FY spectrum, after the parameter ¢;/c2 has been var-
ied to find the best value characterized by the condition
c1(F) = const. This condition is clearly fulfilled in the
energy range above 779 eV, i.e., above the absorption
coefficient peak energy, allowing us to determine ¢; and
cy with sufficient accuracy. The possible error due to
this method is estimated to be smaller than the conse-
quences of an erroneous angle determination as depicted
in Fig. 5. The scattering of ¢; on the low-energy side of
the Lz-absorption threshold (E < 776 eV) indicates the
fact that Eq. (9) is not well defined in this energy range
as mentioned above. It is impossibe to find a parameter
c1/co in such a way that c; is constant between 776 eV
and 779 eV. We do not have an unambiguous explanation
for this observation.

In Fig. 7 we present data on a system where the deep-
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FIG. 6. In this picture we illustrate the method relying
on Eq. (10) to determine the constants of proportionality c;
as described in Sec. II. These constants are inversely propor-
tional to the fluorescence yield, the detection efficiency, and
the solid angle covered by the fluorescence detector. They
have to be determined in order to calculate the absorption
coefficient from the two FY spectra recorded at different an-
gles. For the Co system, the c; value corresponaing to the
grazing-incidence spectrum is shown as a function ot photon
energy, after the parameter c1/c; has been varied according
to Eq. (10) to fulfill the condition ¢;(E) =const. See text for
a more detailed discussion.
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FIG. 7. In this figure we compare Co L3 XANES spectra

derived by EY (open squares) and by the angular dependence
of the FY (solid circles) for a CoSi, single crystal (a) and
a CoSiz layer of 500 A thickness buried in a silicon wafer
produced by means of ion-beam synthesis (IBS) (Ref. 6). For
comparison, EY data for Co is included in (b) (solid line).
The clear CoSiz XANES fingerprint observed for the buried
layer by FY detection indicates that indeed CoSi; is produced
in the IBS process and that it is possible to investigate such
buried layers in situ by the deep-probing FY technique.

probing FY technique has to be used in order to obtain
XANES spectra. In Fig. 7(a) we compare the EY sig-
nal of a CoSi; single crystal to pr,(E). Excellent agree-
ment between the two different methods can be seen:
Both show a double-peak structure at about 781 eV and
783 eV, respectively, as well as a low-energy shoulder at
about 779 eV. In this case, the angular dependence of
the FY measurements has been used to check whether
our normal-incidence spectrum, recorded at 89.0° glanc-
ing angle, is distorted due to saturation effects. We can
show that the corrections are negligible in this geometry.

For this CoSi, single crystal the same XANES spec-
trum can be obtained using the EY technique. This does
not work for the second sample, a CoSi, layer of 500 A
thickness buried below the surface of a silicon wafer by
means of ion-beam synthesis® [Fig. 7(b)]. Here the deep-
probing FY method shows a clear CoSiy single-crystal
fingerprint, including the low-energy shoulder and the
double-peak structure. Again, using the angle depen-
dence of the FY spectra we could prove that the correc-
tions to the normal-incidence spectrum recorded at 89.4°
glancing angle are negligible. The interpretation of the
spectra in terms of the electronic structure will be pre-
sented in a separate publication.®

We will now investigate the information depth of the
technique. The probability to detect a fluorescence pho-
ton generated in the depth x perpendicular to the surface
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is described by
P(z) x exp l— (“tOt(E) +

sin o

ﬂ'tot(Ef)
sin 8

The information depth Af of the FY detection can be
defined as the expectation value of z with respect to this
probability distribution:®

x] . (11)

[ zP(z)dz
Af = ——}Ow P)ds (12)
sin o (13)

- ttot(E) + ttot(Ef)g

Figure 8 shows the information depth for pure Co as a
function of the glancing angle o (see Fig. 1, a+ 3 = 90°)
for two different energies. The information depth is lim-
ited by the absorption of the generated fluorescence pho-
tons for glancing angles close to 90° and by the absorp-
tion of the incident photons for small glancing angles.
Consequently, the information depth has a maximum at
intermediate angles. The asymmetry is caused by the
fact that peot(Ey) is smaller than peot(E), if the energy
E is above the absorption edge.

As piot(E) shows a strong variation in the XANES
region (inset in Fig. 8), the information depth is energy
dependent. Curve (a) shows the information depth for an
energy 13 eV above the absorption edge while (b) shows
the information depth at the energy corresponding to the
strongest absorption.

For the first case, the information depth maximum of
about 700 A is obtained for a glancing angle of about 60°.

1000 [———— T I
[ ~— (b)
—~ I ) 1
< 800 (j .
¥ [ (a) 1
S 600 [ ~
Q. L 4
Q
©
c L )
2 400 -
e L ]
E L 27.0° (b) 85.0°
€ 200 [
0 R Lo 0 I S
0 30 60 90

Glancing angle o (deg)

FIG. 8. This figure shows the information depth As as a
function of the angle of incidence for Co in our experimental
setup (a+ 8 = 90°). The information depth varies with pho-
ton energy due to the variation of the absorption coefficient
over the Co L3 edge shown in the inset. Thus the informa-
tion depth has been calculated for the maximum absorption
(b) and for an absorption value above the L3 edge (a). The
angles of incidence chosen for the two FY spectra to derive
the Co XANES are indicated (see Fig. 3).
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In the second case, the information depth is considerably
reduced to a maximum value of 225 A, peaking at 70°.
Thus one has to be aware that the information depth
changes as a function of p0(E) while scanning a XANES
spectrum of a concentrated sample in the FY detection
mode.

In order to derive the absorption coefficient as outlined
in Sec. II, two measurements at different angles have to
be made. Because of shape of the information depth as
a function of the glancing angle, it is always possible to
choose two geometries which correspond to the same in-
formation depth. The angles used for the measurements
on Co presented in Sec. IV are indicated in Fig. 8. They
correspond to a maximum information depth of about
400 A [(a)] and a minimum information depth of about
175 A [(b)]. Thus we are bulk sensitive in our measure-
ments.

For the buried CoSiz layer, the information depth cal-
culated in this way starts at the beginning of the buried
layer. As no Si-absorption edges are present in the en-
ergy range investigated, this can be regarded as constant
over the spectral energy range. Additionally, there is no
contribution to the fluorescence signal originating from
this Si cap layer.

Thus, the influence of the silicon coverlayer can be
described as simlply reducing the incident photon flux
and the detection efficiency for the fluorescence photons.
Consequently, the spectral shape remains unaffected by
the coverlayer; only the intensity is reduced. This reduc-
tion can be calculated if the thickness of the coverlayer
is known. However, this intensity scaling is automati-
cally accounted for if the proportionallity factors ¢; are
determined using Eq. (10) as described in Sec. II.
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V. CONCLUSIONS

We presented a method to determine the absorp-
tion coefficient in the XANES energy range for concen-
trated samples by monitoring the fluorescence yield. The
method uses the fact that it is possible to describe the
angular dependence of the absorption processes occuring
in this photon-in—photon-out type of spectroscopy ana-
lytically.

Making measurements at two different experimental
geometries, it is possible to calculate the absorption co-
efficient. Thus we are able to correct for the saturation ef-
fects often present in FY-derived spectra of concentrated
samples. The technique was demonstrated for a pure Co
sample.

The information depth of the method was investigated
and found to be large enough to measure real bulk prop-
erties of the sample. By FY detection, it is possible to
study buried layers which are unaccessible by conven-
tional electron spectroscopies. This has been demon-
strated for a CoSi, layer buried below the surface of a
silicon wafer.
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