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We have considered the effects of electron energy losses on experimentally measured inverse-
photoemission spectra. The approximations needed to cast the equations for inverse photoemission into
a form such that the measured inverse-photoemission spectrum can be expressed as the convolution of
two functions—the true spectrum and a response function—are discussed qualitatively. The true spec-
trum is the inverse-photoemission spectrum that would result if there were no inelastic background
present. The response function is the energy spectrum of the inelastically scattered incident electrons in-
side the sample; it is modeled by an electron-energy-loss spectrum. The true spectrum is found by
deconvoluting the response function from the measured spectrum. This is the first time, to our
knowledge, that an experimentally measured response function has been used for background subtrac-
tion in ultraviolet inverse photoemission. Results of this background subtraction method are presented
for inverse-photoemission spectra of polycrystalline silver and UHV-cleaved V,05(001).

I. INTRODUCTION

Inverse-photoemission spectroscopy (IPES) is used to
characterize the unoccupied electronic states of crystal-
line and polycrystalline solids.'”3® A well-collimated,
monoenergetic electron beam enters a crystal, and the
light subsequently emitted from the sample as the in-
cident electrons fall to lower-energy unoccupied states is
analyzed in order to deduce the properties of the unoccu-
pied electronic states of the crystal. To this end, conser-
vation laws—one for each one-electron quantum num-
ber, i.e., energy, crystal momentum, spin, and the angular
symmetry of the electron wave function—are typically
used. For example, energy conservation in the spontane-
ous emission of a photon of energy fiw, by an incident
electron of energy E; iq.,; means that there is an allowed
unoccupied electron state at an energy Ej, gen — %00
However, some of the incident electrons may lose energy
prior to photon emission, in which case the initial-state
energy of the radiative transition is no longer the
incident-electron-beam energy. The higher the incident-
electron energy, the greater the number of states into
which an incident electron may scatter inelastically be-
fore emitting a photon, resulting in the inelastic back-
ground characteristic of all IPES spectra.

The IPES spectrum of polycrystalline silver shown in
Fig. 1 is characteristic of most IPES spectra: the spectral
features are superimposed on a smoothly rising back-
ground. One can determine the energy and width of the
spectral features directly from the measured spectrum, or
a background can first be subtracted from the spectrum;
both approaches have been used in the literature, with
the majority of studies choosing to analyze IPES spectra
with the background present. That approach is adequate
for the energy assignment of sharp features at low elec-
tron energies where the background is typically small,
but at higher electron energies, where the background is
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correspondingly higher, some assumptions about the
background underneath the spectral features must be
made in order to obtain accurate values for their energy
locations and widths. Even the use of a simple approxi-
mation to the actual background, such as a smooth back-
ground sketched by hand,*’ an integral background,®’ or
a parabolic background,®® gives some insight into the
direction and magnitude that the spectral features in the
measured spectrum would shift if the background were
not present.

The willingness of authors to use these simple back-
grounds is based on an accepted belief that the actual
background is indeed a featureless, smoothly rising func-
tion of energy.*® Intuitive arguments for the use of a
smoothly rising background are straightforward, making
it tempting to sketch a background such as the dashed
line in Fig. 1, which supposes that the actual spectrum
consists of three or four features with little spectral inten-
sity between the features. However, in the approxima-
tion that IPES measures the total density of states (DOS)
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FIG. 1. IPES isochromat spectrum (fiw,=9.8 eV) of poly-
crystalline Ag (solid squares) and a hand-drawn background
(dashed line).
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of polycrystalline samples'® (or even if this approximation
is relaxed somewhat), the true spectral intensity should
not go to zero away from the obvious features in the mea-
sured spectrum at higher electron energies since the DOS
is generally nonzero, and often larger, at higher electron
energies. Therefore the hand-drawn background in Fig. 1
is not a reasonable approximation to the actual back-
ground.

All of the methods used in the literature to remove the
background in IPES and x-ray bremsstrahlung iso-
chromat (BIS) spectra (except hand-drawn*> and parabol-
ic®® backgrounds) are based upon the same model, re-
quiring as input the spectrum of inelastically scattered
electrons produced by the incident monoenergetic elec-
tron beam. The techniques differ in the methods used to
estimate this inelastic spectrum. In this paper we remove
the inelastic background from IPES spectra using
electron-energy-loss spectroscopy (EELS) to obtain infor-
mation about the effects of inelastic scattering. None of
the previously published background subtraction
methods used in ultraviolet IPES use an experimentally
determined inelastic spectrum.

In Sec. II our experimental IPES methods are dis-
cussed. Section III presents the background subtraction
methods that have been used in the literature. Section IV
discusses the qualitative differences between backgrounds
in angle-integrated and angle-resolved (or “k resolved”)
IPES (KRIPES) spectra. Section V presents the results of
inelastic-background subtraction for the angle-integrated
IPES spectrum of polycrystalline Ag and the KRIPES
spectrum of UHYV cleaved single-crystal V,04(001).

II. EXPERIMENTAL METHODS

The IPES spectra presented in this paper are iso-
chromat (fixed photon energy) spectra. An electron gun'!
produces a collimated beam of monoenergetic electrons
that strikes the surface of the sample. Electrons enter the
sample by coupling to the unoccupied electronic states of
the crystal at the incident-electron energy. Subsequently
some of these electrons drop to lower-energy unoccupied
states above the Fermi energy Ep via the spontaneous
emission of a photon. An isochromat spectrum is gen-
erated by sweeping the incident-electron beam energy
E ciden: (the abscissa in Fig. 1), and using a narrow-band
photon detector'? to count the number of #w,=9.8+0.5
eV photons that are emitted at each incident energy (the
ordinate in Fig. 1).

The polycrystalline Ag sample was cleaned by Ar*-ion
bombardment until no impurities were detected with
Auger-electron spectroscopy (AES). Single crystals of
V,05(001) were cleaved in situ at less than 2X1071°
Torr. Ultraviolet photoemission (UPS) spectra of the
cleaved surface were characteristic of well-ordered, low-
defect-density surfaces. EELS spectra were measured
with a double-pass cylindrical mirror analyzer (CMA)
equipped with a coaxial electron gun.!* The energy reso-
lution of the polycrystalline Ag and UHV cleaved
V,05(001) EELS spectra was 0.8 and 0.4 eV, respectively.
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ITI. BACKGROUND CORRECTION METHODS

The radiative transition measured in an IPES iso-
chromat spectrum is one from an initial state with energy
E, iy to a final state with energy Eg,, where
E, itian —fiwg=Eg,,. Typically one assumes that E, ;. is
equal to E; gent> SO that E; e —fiwg=Eg .. Using the
latter conservation equation to analyze an IPES spectrum
assumes that the initial-state energy of the optical transi-
tion is always the incident-beam energy. However, many
of the incident electrons suffer inelastic losses prior to the
measured radiative transition; thus an IPES spectrum is
not generated by a purely monoenergetic source of elec-
trons inside the sample, but rather from an electron
source that is distributed in energy.!* The signal due to
the electrons that suffer inelastic losses prior to the radia-
tive transition comprises the inelastic background in the
measured spectrum. The total number of #w, photons
emitted by a sample bombarded with an electron beam of
energy Eincident’ Imeasured(Eincident )’ which includes the in-
elastic background, is given by

Elncidenl
Imeasured(Eincident )= fE R (Eincidem’E )Itrue(E)dE ’

F Ao
(1)

where R(E| igen»E) is the energy distribution of elec-
trons inside the sample when a monoenergetic beam of
energy Ej gen: Strikes the surface of the sample, and
I....(E) is the intensity of the IPES spectrum at E if there
were no background present. I, .(E) is found by de-
convolving an estimation of the electron source distribu-
tion, R (E; cigent>E ), from the measured IPES spectrum,
I casured( Eincident )- The only technique that has been used
in the literature to remove the inelastic background in
angle-integrated IPES (Refs. 2, 6, 7, 14, and 15) (except
hand-drawn** and parabolic®® backgrounds) and the two
techniques used in x-ray BIS (Refs. 16 and 17) are all
based upon Eq. (1), but use different methods to estimate
R (EincidenUE ).

A. Published techniques

Dose and co-workers®!*13 calculate R(E ijent, E) in

several polycrystalline metals, making approximations
such that the only input needed for the calculation is the
density of both occupied and unoccupied states. Consid-
er first the probability that an incident electron with ener-
gy and momentum E; ;4 (k;) scatters to a state
E .uerea(ks) by the creation of one electron-hole pair
with electron energy E,.(k,) and hole energy E,(k,).
Any electron-hole pair that satisfies the energy and
momentum conservation

Eincident(ki )+Eh(kh )=Escattcred(k5 )+Ee(ke) ’
k, +k, =k, +k, +G ,

(2)

where G is a reciprocal-lattice vector, will result in the
inelastic-energy 10ss E; igent(k;)— Earterea(ks). There-
fore the probability of a given inelastic loss
P[E;ncident(Ki ) E catrerea (ks )] is the sum of the probabili-
ties for the creation of every electron-hole pair that
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satisfies the above constraints. Kane'® calculates
P [E incident(ki LE scattered(ks )] by ignoring momentum con-
servation, as suggested by Berglund and Spicer,!® such
that the probability for the creation of any particular
electron-hole pair is proportional to the normalized prod-

|

E incident E scattered

2P( Escattered ) fEF
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uct of the electron DOS at E, and E,. Relaxing momen-
tum conservation greatly simplifies the calculation of
PlE; cigent(K; ), E catterea(ks)].  Indeed, the only input
needed for the calculation is the density of both occupied
and unoccupied states:

p(E,)p(E,)dE,

P [ E incident E scattered ] =

F

Eincident —E scattered E,— Eh ’

where p(E) is the DOS at the energy E. '8

Equation (3) is the probability that an electron scatters
from Ej gemt 1O Egarerea by the production of one
electron-hole pair, but the same inelastic loss may also re-
sult from the creation of two or more electron-hole pairs.
Assuming that each incident electron may create as many
as two electron-hole pairs, the secondary-electron distri-
bution R (E;  gen»E) inside a sample bombarded with
electrons of energy E;  igent iS given by

incident

E
R(E‘incident,E)= fEF P[EincidentvE']P[E,’E]dE, .

4)

Similarly, Dose and co-workers>!*!®  calculate

R (E; cigent» E) for the case in which each incident elec-
tron could create up to n electron-hole pairs, by n repeat-
ed convolutions of Eq. (3). Unfortunately, there are
many materials for which this method cannot be used
due simply to the lack of a sufficiently accurate
knowledge of the DOS over the necessary range in ener-
gy.
Turtle and Liedfeld'® remove the inelastic background
in x-ray BIS spectra of polycrystalline metals by using
measured x-ray-photoemission (XPS) spectra to model
R(E;  igent»E ). The photoemission spectrum of a narrow
core level and its inelastic tail approximates the inelastic
spectrum of electrons produced by an incident monoener-
getic electron beam in BIS if the kinetic energy of the
photoemitted electron is equal to the kinetic energy of
the incident electron beam. The measured line shapes of
the core levels consisted of a flat background of height &
superimposed on the low-kinetic-energy side of a sharp
core level of area 4. Turtle and Liedfeld'® assumed that
the ratio A /h is a constant for a given sample; in other
words, the height of the background, h, depends only
upon the number of photoexcited core-level electrons and
the experimental parameters. R (E; e, E) is then ap-
proximated by the energy profile of the incident-electron
beam plus a flat background located below the incident-
beam energy. For a monoenergetic incident-electron
beam (a & function having area A), the electron energy
distribution is given by

R (Eincident’E)= AS(E—Eincident )+h, (5)

where h =0 for E > E, 4nt- This is equivalent to the

Einci en Esca eres
fE ent fEF : dp(Ee )p(Eh )dEedEscattered

(3)

r

functional form of R (E;,gen»E ) used in integral back-
grounds,®” with the added advantage that A4 /h is deter-
mined experimentally from an XPS spectrum instead of
being a free parameter chosen by requiring the back-
ground in the measured BIS spectrum to pass through a
chosen point.

The difficulty in using a core-level XPS spectrum to
model R (E;,;4ent» E) in the energy range appropriate for
ultraviolet IPES is that the final-state energy of the pho-
toexcited electron should be of order 10 eV above the
Fermi energy; in this energy range the XPS spectrum is
dominated by secondary electrons. In some simple sense
the number of low-energy secondary electrons produced
by a single photoexcited electron is proportional to the
energy above E of the photoexcited electron. Therefore,
the inelastic background in the XPS spectrum is not
dominated by the secondaries created by the photoexcit-
ed cote-level electron—the signal we wish to measure—
but by the secondaries created by higher-kinetic-energy
electrons photoexcited from states having lower binding
energies. :

Woodruff et al.! allude to the use of EELS to approxi-
mate R(E;, geni»E) for use in ultraviolet IPES, but the
only application of this method is to x-ray BIS spectra of
polycrystalline metals.!” [EELS spectra have been used
previously by others to remove the inelastic background
in XPS (Ref. 20) and AES (Refs. 21-23) spectra, but
these applications involve somewhat different considera-
tions than does IPES.]

B. Use of EELS spectra

R(E; igent»E) may be approximated by a series of
EELS spectra taken with primary-beam energies corre-
sponding to each of the incident-beam energies used to
measure the IPES spectrum. However, since the energy
position and relative intensity of the features in our mea-
sured EELS spectra of polycrystalline Ag and single-
crystal V,05(001) did not vary drastically upon changing
the incident-beam energy, we approximate R (E; igent>E)
by a single EELS spectrum rigidly shifted such that the
elastic peak is at the variable energy E;  i4ene. [Previous
BIS,'” XPS,” and AES (Refs. 21-23) studies also used a
single EELS spectrum.] The iterative deconvolution
method of van Cittert’ as described by Madden and
Houston?! was used to deconvolve Eq. (1).
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IV. THE PRODUCTION OF BACKGROUND IN IPES

A description of inverse photoemission in a single crys-
tal is shown in Fig. 2 using a schematic energy-band dia-
gram. For our discussion of both angle-resolved and
angle-integrated IPES we shall assume that a collimated
electron beam is incident normal to the sample surface.
In KRIPES the sample is a single crystal; thus the in-
cident electron couples only to the initial states in the re-
duced Brillouin zone that lie along the line k; =0 (the
I'-K line in Fig. 2). In angle-integrated IPES from a poly-
crystalline sample, however, the incident electron may
couple to states throughout the entire Brillouin zone.

Four processes can produce the photons measured in
IPES: direct transitions (thick black arrow in KRIPES;
thick black and striped arrows in angle-integrated IPES);
indirect transitions (shaded arrow); inelastic scattering
throughout the Brillouin zone (thin black arrows) fol-
lowed by a direct (white arrows) or indirect radiative
transition (not shown); and elastic scattering throughout
the zone (thin dashed arrow) followed by a direct (striped
arrow) or indirect radiative transition (not shown). In the
following discussion we divide these four processes into
two categories: true signal and background.

A. Angle-resolved IPES

Typically KRIPES is used to determine the energy and
crystal momentum of unoccupied electron states. The
conservation equations used to find the k value of a tran-
sition are derived from the three-step model of KRIPES
(Refs. 1, 6, 10, and 25) in which the one-electron eigen-
functions are Bloch functions of an infinite lattice so that
all optical transitions are direct, k-conserving transi-
tions.?® [The three-step model does not take into account
indirect radiative transitions (shaded arrow).] Thus in
KRIPES the direct optical transitions which occur
without prior elastic or inelastic scattering comprise the
true signal (black arrow), while the indirect transitions
(shaded arrow) and radiative transitions preceded by ei-
ther elastic (striped arrow) or inelastic scattering (white
arrows) are background. We would like to remove the
background (shaded, striped, and white arrows) using an
EELS spectrum. However, since an EELS spectrum does
not contain information about the k distribution of the
scattered electrons, it is not possible to distinguish be-

El'ncidem
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FIG. 2. A schematic energy-band diagram used to illustrate
inverse photoemission processes. See text for details.
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tween transitions that occur at the same energy but at
different points in the Brillouin zone (the black, shaded,
and stripped arrows); therefore, the only background that
one can hope to remove in a KRIPES spectrum is the
background produced by inelastic scattering (white ar-
TOWS).

Equation (1) assumes that the probability that an elec-
tron incident at energy E i .req Will emit an #iw, photon,
I v (Eattered )» 1S €qual to the probability that an electron
incident at energy E;  ijene Which has already scattered to
E . tereq Will emit an #iw, photon. However, electrons in-
cident at E . ....q couple only to states along I'-K (pri-
mary electrons: left white arrow) while electrons that
scatter from E;  ijen: 10 E(attereq are not restricted by con-
servation laws to states along I'-K (scattered electrons:
both white arrows). The differing distributions in k space
of the primary and scattered electrons result in different
probabilities of producing an #iw, photon; thus even if we
knew the fraction of the incident beam that scatters from
Eincident to Escattered’ R(Eincidem’Escattcred )dE’ we would
not know how many of those scattered electrons emit #iw,
photons from optical transitions along the I'-K direction
(left white arrow). As a result, the measured KRIPES
spectrum at E;_ 4., is not strictly the sum of the true sig-
nal at E; 4. and the true signal at all lower energies
weighted by the number of scattered electrons at each en-
ergy.

There are several physical processes which help to
satisfy the approximations used in Eq. (1). Elastic
scattering of some of the electrons incident at E . eq
throughout the Brillouin zone (left—right white arrow)
makes the primary and scattered electron k distributions
more similar. Also, in an actual crystal the presence of
the surface destroys the periodicity of the infinite lattice
in the direction of the surface normal but does not affect
the periodicity along any direction parallel to the sur-
face;*’ the component of momentum parallel to the sur-
face, k”, thus remains a good quantum number, but the
allowed values of the perpendicular component k; are no
longer discrete. As a result, optical transitions conserve
k|| but not k,, i.e., there are one-dimensional DOS effects
in KRIPES (Refs. 1 and 10) (shaded arrow). The greater
the extent to which the surface relaxes k| conservation in
optical transitions, the less important are the differing k
distributions of the primary and scattered electrons.
Since k conservation is not completely relaxed, we must
keep in mind that an isochromat is generated by an elec-
tron source inside the sample that is distributed in
momentum as well as energy.

An electron incident at an energy fiw, above the Fermi
energy that suffers an inelastic loss is not left with enough
excess energy to produce an #iw, photon; thus there is no
inelastic background at onset in KRIPES. However, an
electron may scatter elastically prior to the radiative
emission, and therefore an elastic background may be
present even at the onset of emission in KRIPES. If the
mean free path for elastic scattering is shorter than or
comparable to the mean free path for inelastic scatter-
ing,!” then many of the incident electrons will scatter
elastically before scattering inelastically. In that case the
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elastic background at threshold can be substantial. In
two examples in the literature of background subtraction
in KRIPES of single crystals (a hand-drawn*> and a par-
abolic background®), one starts with zero background at
threshold,* while the other uses a finite background at
threshold.’ If there are no direct transitions at threshold,
then all of the measured signal at threshold is back-
ground produced by elastic scattering and/or indirect
transitions.

B. Angle-integrated IPES

In k-integrated IPES, spectra are often compared
directly with a calculated DOS,*?® making the emission
produced by both elastic scattering (striped arrow) and
indirect transitions (shaded arrow) a part of the signal we
wish to measure. All momentum information about the
measured transitions is lost since the incident beam sees
many orientations of the crystal in k-integrated IPES,
distributing the initial states of the incident electrons
throughout the entire Brillouin zone. A feature in the
true spectrum at energy E;  iqen; 18 associated with any of
the transitions throughout the zone that have an initial
energy E; .iqen: (the black, shaded, and striped arrows in
Fig. 2); consequently there is no elastic background at or
above threshold. The only background in k-integrated
IPES is the inelastic background (white arrows)—
precisely what Eq. (1) is best suited to model. We must,
of course, still make the approximation that the primary
and scattered electron distributions are the same—an ap-
proximation that is more nearly satisfied in angle-
integrated IPES than in KRIPES.

V. RESULTS

Using Eq. (1) to model the production of background
in IPES in conjunction with measured EELS spectra, we
have determined inelastic backgrounds for both the
KRIPES spectrum of V,05(001) and the angle-integrated
IPES spectrum of Ag.

A. KRIPES

Figure 3(a) shows a typical KRIPES spectrum of
UHV-cleaved V,04(001) taken in normal incidence (solid
squares). Small changes in consecutively recorded
KRIPES spectra of V,05(001) were observed: the
features broadened and lost intensity with each of the
first few spectra recorded after a cleave. The changes in
the spectra are presumably due to the production of de-
fects by the incident-electron beam. Changes in the low-
energy electron-diffraction pattern as a function of beam
exposure time have been observed previously by others.?
The measured EELS spectrum used to model
R (E;pcigent>E) (solid line) yields a smooth inelastic back-
ground (open circles). The deconvolution result [Fig.
3(b)] approximates the KRIPES spectrum without inelas-
tic background. The elastic background and the back-
ground resulting from all indirect radiative transitions
having an initial-state energy equal to the incident-
electron energy remain part of the deconvolution result.
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FIG. 3. (a) EELS spectrum of UHV-cleaved single-crystal
V,05(001) (solid line); measured normal-incidence IPES iso-
chromat (fiwy=9.8 eV) (squares); and the inelastic background
(circles). (b) The corresponding true spectrum I (E) after
deconvolution using the measured EELS spectrum.

The secondary-electron distribution in all materials is
characterized by a large feature at low kinetic energies
that contains the majority of the inelastically scattered
electrons [the feature at approximately 3 eV in Fig. 3(a)],
but only those electrons that scatter to an energy greater
than fiw, above Ep contribute to the background. In the
EELS spectrum in Fig. 3(a), #iw, above Er is located at a
kinetic energy of fio,+Er—E,,. since the EELS spec-
trum is cut off by the vacuum level E . at zero kinetic
energy. Thus electrons with a kinetic energy less than
fiwgt+Ep—E,,. will not contribute to the background
since they do not have enough excess energy to produce
an #iw, photon. If #iw, is large, the secondary-electron
feature does not contribute to the inelastic background;
however, for small isochromat energies these secondary
electrons can have a large effect on the spectrum. Typi-
cally the low-energy secondary-electron peak produced
by incident electrons in the energy range used in ultra-
violet IPES extends to kinetic energies of less than 10 eV.
Since a typical work function (E,,. — Ef) is around 5 eV,
an isochromat energy less than about 15 eV has a large
inelastic contribution from the secondary-electron
feature.

B. Angle-integrated IPES

The measured EELS spectrum used to approximate
R(E,  igent»E) in polycrystalline Ag and the measured
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isochromat are shown in Figs. 4(a) and 4(b), respectively.
The deconvolution result is shown in Fig. 4(c) along with
the calculated Ag DOS of Lisser, Smith, and Benbow.>°
Since Eq. (1) is effectively a smoothing operation,
features in both the true spectrum and the EELS spec-
trum are less pronounced in the measured spectrum.
Compared to the large elastic peak, the rest of the EELS
spectrum is relatively featureless, yielding a smooth back-
ground. It is possible that an EELS spectrum underesti-
mates the intensity of the loss features in R (E; gene, E ).
For instance, those electrons that are elastically backscat-
tered before passing through the surface region do not
contribute to the measured IPES spectrum, but do con-
tribute to the elastic peak in the EELS spectrum, thus un-
derestimating the ratio of scattered to primary electrons.
As the elastic peak height is reduced by numerical
methods,>! as is done in XPS (Ref. 32) and AES,??
features will begin to appear in the background.’®> A por-
tion of a modified EELS spectrum with an elastic peak
height 0.6 times the measured amplitude is shown in Fig.
5(a). The inelastic backgrounds determined from the
measured EELS spectrum and the modified EELS spectra
with elastic peak heights of 0.6 and 0.3 times the mea-
sured elastic peak height are also shown in Fig. 5(a). A
feature in the inelastic background emerges when the
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FIG. 4. (a) Measured EELS spectrum for polycrystalline Ag.
(b) Measured IPES isochromat (fiw,=9.8 eV) of polycrystalline
Ag (squares), and the background determined by deconvoluting
with the EELS spectrum in (a). (c) Comparison of the deconvo-
lution result (solid line) with the Ag DOS calculation of Lisser,
Smith, and Benbow (Ref. 30) (dashed line).
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FIG. 5. (a) IPES isochromat spectrum (fiw,=9.8 eV) of poly-
crystalline Ag (solid squares), an EELS spectrum in which the
elastic peak height has been numerically reduced to 60%
(dashed line), and inelastic backgrounds determined from EELS
spectra with elastic peak amplitudes of 0.3, 0.6, and 1.0 times
the measured elastic peak height (solid lines). (b) The deconvo-
lution results I, (E) using fractional elastic peak heights of 0.3,
0.6, and 1.0.

elastic peak amplitude is reduced to 0.3. Figure 5(b)
shows the results of deconvoluting the isochromat using
EELS spectra with elastic peak heights of 1.0, 0.6, and
0.3. We do not have a criterion for choosing the “best”
elastic peak attenuation factor; i.e., the attenuation factor
that produces a modified EELS spectrum which most
closely resembles the actual inelastic spectrum of elec-
trons inside the sample. However, using a reduced
elastic-peak-height EELS spectrum to deconvolute the
measured IPES spectrum may help to determine if any of
the features present in the IPES spectrum are caused by
inelastic losses.

VI. CONCLUSIONS

The differences in intent and experimental geometry
between angle-resolved and angle-integrated IPES lead to
two separate definitions of what constitutes the true sig-
nal and what is background in each of these two modes of
inverse photoemission. The current model of back-
ground production used in the literature only accounts
for one type of background—inelastic background,
which is also the total background in angle-integrated
IPES, but only a portion of the background in angle-
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resolved IPES. In order to perform the background sub-
traction, one must determine the spectrum of inelastically
scattered electrons inside the sample. In this paper we
have discussed the approximations used in models of
background production and have determined the inelastic
spectrum by using experimentally measured electron-
energy-loss spectra. Examples of inelastic background
subtraction using the experimentally determined inelastic

4833

spectrum are presented for both angle-resolved and
angle-integrated IPES spectra.
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FIG. 2. A schematic energy-band diagram used to illustrate
inverse photoemission processes. See text for details.



