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Electron-yield extended x-ray absorption fine structure with the use of
a gas-flow electron detector
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We report the first electron-yield extended x-ray absorption fine-structure (EXAFS) measurements on a
thick sample at ambient pressure using an ion chamber situated directly in the incident photon beam. An
electron-detected EXAFS spectrum of an iron plate was acquired using a windowless, He-flow ion chamber
at atmospheric pressure, thus extending the useful application of EXAFS to samples previously inaccessible

by conventional techniques or not suited to ultrahigh vacuum environments.

Within recent years extended x-ray absorption fine-
structure (EXAFS) analysis has become a useful technique
to obtain structural information. In order to determine
quantitative information for each coordination sphere, an
equation for the absorption cross section must be obtained
in terms of the observed spectral intensities, Electron-yield
EXAFS is the nonradiative analog of x-ray fluorescence
EXAFS and provides similar information; however, the
electron-yield measurement is inherently surface sensitive
since the electrons can only escape from the near-surface
region of the sample. Electron EXAFS has been generally
regarded as possible only in ultrahigh vacuum (UHV). "
The method reported here extends the surface sensitivity
available in EXAFS measurements to real environments
and nonthin film samples, in particular, thick samples with
surface layers composed of materials also present in the
bulk substrate.

Detection of secondary electrons or fluorescent x-ray radi-
ation emitted following a core-hole relaxation improves sen-
sitivity through background suppression so that submono-
layer quantities may be observed. For these cases, the ratio
of the scattered-to-incident intensity may be written as'

(1 —exp (
—[p, „(E)+ n (E) ]x) )I (E)

where I, and lo are the intensity of the scattered and in-
cident radiation, e the quantum yield, f)/47' the detector
solid angle and efficiency, p, (E) the absorp. tion coefficient
for the sample through the tunable energy range of the x-
ray radiation, and n(E) the exponential attenuation of the
nonradiative signal. ln the fluorescence case, n(E) is re-
placed by p, „(Ef), the absorption coefficient evaluated at
the characteristic fluorescence energy E~.

For nonradiative detection, the equation for I,/Io is easily
solved for p,„since the sample thickness is defined by the
escape depth of the electrons. Conversion-electron
Mossbauer spectroscopy (CEMS) results show that electrons
with energies in the 5—7-keV range originate no more than
300 nm from the iron surface. ' The escape depth for ion
fluorescence radiation is several p,m. Fluorescence detection
is usually preferred to transmission EXAFS for thin samples
less than a p,m thick. For such samples, p,„x is much less
than one and the thin, single-component limit derived often
in the literature is reached. ' ' The greater attenuation of
the electron-yield signal may be a significant advantage
when thick ( & 1 pm) samples are concerned. When p,„xis
much greater than one, the solution of Eq. (1) for fluores-
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FIG. 1. View of the detector portion of the Lucite box, from the
sample side: a, aluminum foil electrode covering the flat surface
and side walls of the detector, with connection tab; b, Au-coated W
wires; c, cable connection from electrometer to counter wires; d,
gas inlet and outlet; e, bias connector to aluminum foil electrodes;
f, detector window cove;ed with Kapton tape.

cence detection is complicated by the contribution of the ex-
ponential term; at even greater thicknesses the exponential
term approaches zero, and I,/Io will approach a constant.

The inability of electrons to pass through windows neces-
sitates enclosing the sample inside the detector. The detec-
tor design shown in Fig. 1 exploits the relative insensitivity
of helium to the incident x-ray beam while efficiently count-
ing the 5-6-keV (Ref. 6) Auger electrons. The detector-cell
combination was a Lucite box made by gluing three 6-mm-
thick plates together and milling out the appropriate spaces
for the sample and detector. The overall dimensions of the
detector-cell combination are 60 x 56 x 18 mm and were
chosen so that the cell would fit into our standard fluores-
cence chamber assembly.

The upper front half of the cell is removable for sample
access and also contains the electron detector. The Lucite
detector has a rectangular cavity milled in the center; the
flat sides are lined with aluminum foil and two 0.01-mm-
diam Au-coated W wires are stretched lengthwise on either
side of the central slot that allows the beam to enter the
counter, In this detector, the electrodes are not exposed to
the incident beam in order to reduce scattering and back-
ground contributions. The cell is sealed on both sides with

Kapton tape. Helium or 4% methane in helium gas is intro-
duced through flexible tubing at about 0.1 ft'/h at atmos-
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pheric pressure. The aluminum foil electrodes are at —45 V
with respect to the pair of gold wires. Currents are mea-
sured with an electrometer circuit that is also used for
fluorescence measurements. At these low voltages the
detector is a current chamber, and does not use field inten-
sified ionization; although we have used similarly designed
counters in CEMS with the central wires at +1200-1500
V." Field intensified ionization was not necessary under the
present experimental conditions, but offers a possible ad-
vantage in lower count-rate experiments.

Figure 2 shows the electron-yield EXAFS spectrum of a
1-mm-thick iron plate obtained on the focused beam line
II-3 with use of Si(i ) 1) monochromator crystals at the Stan-
ford Synchrotron Radiation Laboratory. The iron-edge
electron-yield data are plotted as the ratio of the current in
the electron detector to that in the incident ion chamber and
are sho~n as curve A. For comparison, transmission data
obtained from a S-p,m-thick Fe calibration foil are shown
plotted in B on a 1nIojIT scale. The ordinates are therefore
linear plots of the absorption coefficient on scales chosen to
make the edge step approximately the same.

In order to verify that electrons were responsible for the
signal observed in A, a piece of tape was placed over the
face of the sample to block the electrons. This spectrum is
shown in C. The most significant features of curve C are
the greatly reduced signal and lack of EXAFS oscillations.
There is an iron edge present, which we attribute to a resi-
dual sensitivity of the flow gas to backscattered x rays. The
iron plate produces a substantial fluorescence signal that
easily penetrates the tape, and subsequently passes through
the electron detector where a small fraction is counted. In
fact, examination of the incident photon signal. , measured at
the Io ion chamber upstream of the electron detector, indi-
cates that some fluorescent x rays from the iron plate enter
the Jo chamber. Even though the curves sho~n in Fig. 2
are ratios of the electron-detector signal to Jo, the perturba-
tion of Io by fluorescence radiation is apparent in curve C,
and accounts for some of the structure visible above the
iron edge. The absence of EXAFS oscillations is the result
of a "thick limit" specimen.

Examination of the electron-yield data shows a signal to
noise comparable with thc optimized transmission case.
The use of electron detection in order to provide an
enhanced sensitivity is, of course, not new. However, a cell
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FIG, 2. Curve A, electron-yield EXAFS from an iron plate;
curve 8, transmission EXAFS from an iron foil; curve C, electron-
yield EXAFS from same sample as A with tape covering surface.

and detector design which allows detection of the high-
energy Auger electrons with good signal to noise now makes
possible the near-surface examtnat&on tn a real envIron-
ment, While it is necessary to enclose the sample inside the
detector, placing the detector in the incident beam does not
interfere with the electron-yield signal. In addition, the
sample itself is independent of the detector circuit, allotting
in situ experiments similar to those performed with CEMS'
that are not possible with photocathode electron-detection
schemes. s Finally, the detector materials are inert and inex-
pensive, making corrosion studies particularly attractive,
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