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The NIST Electron Effective-Attenuation-Length Database provides values of electron effective
attenuation lengths (EALS) in solid elements and compounds at selected electron energies between
50 eV and 2,000 eV. The database was designed mainly to provide EALSs (to account for effects of
elastic-electron scattering) for applications in surface analysis by Auger-electron spectroscopy
(AES) and X-ray photoelectron spectroscopy (XPS). For these applications, EALs are needed
mainly for measurements of the thicknesses of overlayer films and to a much lesser extent for
measurements of the depths of thin marker layers. EALs are calculated using an algorithm based on
electron transport theory for measurement conditions specified by the user. The database also
provides values of other parameters needed for other quantitative applications of AES and XPS.

1. Introduction

The attenuation length (AL) and the
more recent equivalent term effective
attenuation length (EAL) are frequently used
in the literature on  Auger-electron
spectroscopy (AES) and X-ray photoelectron
spectroscopy (XPS). These terms generally
refer to the rate at which AES and XPS signal
intensities from a substrate material or an
overlayer material change as a function of
overlayer-film thickness. In most early work,
these intensities were found to vary nearly
exponentially with film thickness and the
exponential parameter was referred to as the
attenvation length. This parameter was also
thought to be identical to the inelastic mean
free path (IMFP) for the particular material
and electron energy.

It is now known that elastic-electron
scattering can modify the trajectories of signal
electrons in AES and XPS. As a result, these
electrons do not travel along straight-line paths
from their point of generation to the sample
surface. It is therefore inappropriate to refer to
the exponential parameter in the overlayer-

film experiments as the AL [1]. The term
effective  attenuation length is now
recommended for this purpose [2]. As a result
of elastic scattering, the EAL is generally
different from the corresponding IMFP.

The present recommended definition of
the EAL [1-3] is relevant to measurements of
the depth of a thin marker layer (or &-layer)
near a surface. Measurements of overlayer-
film thicknesses, however, are based on
changes of AES and XPS intensities with film
thickness, and it is necessary to modify the
EAL definition for this application [4]. For
both applications, the EAL can be defined in
terms of the local slope of the emission depth
distribution function [1-3] (for the depth of the
marker layer) or of an integral of this function
(for the overlayer-film thickness); these EALs
are referred to as local EALs.

It is more useful, however, to define
practical EALSs in terms of the average slope of
the emission depth distribution function (from
the surface to the depth of interest) or of the
average slope of the integral of this function
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(for zero overlayer thickness to some thickness
of interest) [4]. These practical EALs can be
used with equations derived on the assumption
that elastic-electron  scattering is not
significant to determine overlayer-film
thicknesses (the most common application) or
marker-layer depths. It should be emphasized,
however, that the practical EALs are based on
the implicit assumption that the emission depth
distribution function and its integral are
exponential functions even if they are not. The
practical EALs are thus empirical parameters
for the particular conditions (e.g., overlayer-

film thickness, electron emission angle, and .

experimental configuration for XPS).

Version 1.0 of the NIST Electron
Effective-Attenuation-Length Database (SRD
82) is now available [5]. While the database
provides local and practical EALs for
measurements of overlayer-film thicknesses
and of marker-layer depths, the practical EALs
for measurement of overlayer-film thicknesses
will likely be of greatest interest for most AES
and XPS applications. These practical EALs
can differ from the corresponding IMFPs by
up to about 35 % for common AES and XPS
measurement conditions.

We give here a brief description of the

NIST EAL Database and an example of its use.

2. NIST Electron Effective-Attenuation-
Length Database [5]

The EALs (and other functions and
parameters listed below) are calculated from
analytical expressions derived from solution of
the kinetic Boltzmann equation within the
transport approximation [6]. Examples of
EALs obtained by this approach are described
in recent publications [4,7-9]. The EALs
depend on two material-dependent parameters,
the IMFP and the transport mean free path
(TMFP). The EAL Database contains data
from the NIST Electron IMFP Database [10]
(for IMFPs) and from the NIST Electron
Elastic-Scattering Cross-Section Database [11]
(for elemental TMFPs). The TMFPs for
compounds are computed from the weighted
TMFPs for the constituent elements [12]. In
addition, the EALs for XPS depend on the
photoionization asymmetry parameter [13].

The user will first specify values for
certain initial parameters (including the
material of interest (element, inorganic
compound, or organic compound), the electron
energy, the photoionization asymmetry
parameter (for XPS), a particular source of
IMFP data from the NIST IMFP Database, and
the experimental configuration). The user can
then choose to obtain local or practical EALs,
and will then typically generate a Table of
EAL values for selected overlayer-film
thicknesses or marker-layer depths; these EAL
values can be stored, if desired, for further
analysis. The EALs are then displayed on the
screen as a function of film thickness or
marker depth, and compared with the IMFP.
By clicking on the screen, a user can select a
particular thickness or depth of interest, and
the EAL for that thickness or depth will be
displayed together with the percentage
attenuation of an assumed substrate-electron
signal (for an overlayer) or the percentage
attenuation of the marker-layer signal will be
displayed for the selected thickness or depth,
respectively.

As just indicated, the EAL is typically
a function of overlayer thickness (or marker-
layer depth). For emission angles less than
about 60° (with respect to the surface normal)
and for overlayer-film thicknesses of practical
relevance in AES and XPS measurements,
however, the practical EAL does not vary
appreciably with overlayer thickness or
emission angle [4,7-9,14]. The database can
provide an average practical EAL for a
selected film thickness (or marker depth) at the

specified emission angle. This average

practical EAL can be used as the “lambda
parameter” in measurements of overlayer-film
thicknesses by AES and XPS [4,7-9]. For
emission angles larger than about 60°, it will
often be necessary to obtain a practical EAL
for an estimated overlayer-film thickness so
that a more accurate film thickness can be
determined by iteration.

The database can also supply values of
certain other parameters for an infinitely thick
material: the electron mean escape depth [7],
the EAL for quantitative analysis by AES and
XPS [4], the correction parameters @ and f.g

-323-



Journal of Surface Analysis Vol. 9 No. 3 (2002) C. J. Powell et al. The NIST Electron Effective-Aftenuation-Length ....

for XPS [15,16], and the correction parameter
Q. for AES [15,16]. In addition, the database
supplies the average EAL for elemental solids
from the CS2 EAL estimation formula
proposed by Cumpson and Seah [14].

The database has two further options.
First, the user can obtain values of the
emission depth distribution function (DDF) for
a specified material and electron energy. This
DDF can be visually compared with the DDF
obtained when elastic-electron scattering was
neglected. Second, the user can obtain values
of the correction factor (CF), the ratio of the
DDF with elastic-electron
considered to the DDF with elastic-electron
scattering neglected [17]. For each of these
options, Tables of the DDF and the CF are
created and can be stored for later analysis.

It is also possible to make on-screen
comparisons of EAL, DDF, or CF data in
selected files. These graphical comparisons
can be printed and saved in Windows bitmap
format for easy incorporation into other
documents.

3. Practical EALs (Ag 3ds; Photoelectrons)

As an example of the use of the NIST
EAL Database [5], we present plots of the
ratio of the practical EAL, L, to the IMFP, 4,
in Fig. 1 as a function of overlayer-film
thickness for Ag 3ds, photoelectrons excited
by Al Ko x-rays for a configuration in which
the angle between the axes of the x-ray source
and the analyzer, ¥, was 55°. The solid lines
show values of this ratio for various values of
the electron emission angle, &, with respect to
the surface normal. The short-dashed lines in
Fig. 1 are loci of constant relative intensity of
Ag 3ds, photoelectrons from an assumed Ag
substrate. These loci were calculated to show
L/2 values corresponding to film thicknesses
for which these substrate intensities were 1 %,
2 %, 5 %, and 10 % of the values found for no
overlayer film.

We consider now two ranges of
overlayer-film thicknesses in Fig. 1 that are
believed to be representative of practical XPS

scattering

2 e g T T
F A9 3d,, 80 a (deg) 1
[ AlKax-rays 4

[ °
[ w=55 75

\ 7 Substrate
12 . v Current (%)
N T

08

0

L PRI BTSN | 1 — 1

08 ——
0 10 20 30 40 50

Film Thickness (Angstroms)

Fig. 1. Plot of the ratio of the practical EAL, L, to the
IMFP, 1, for Ag 3dsp, photoelectrons (solid lines) as a
function of overlayer thickness (for excitation by Al Ko
x-rays with an angle y between the x-ray source and the
analyzer axes of 55°) at different emission angles . The
short-dashed lines show L/A values for film thicknesses
for which the Ag 3ds, photoelectron intensity from an
assumed substrate was reduced to 1 %, 2 %, 5 %, and
10 % of the value for the substrate without an overlayer
film.

measurements. First, for each ¢, we obtain the
average values, L /A, by averaging the L/1
values in Fig. 1 (solid lines) for overlayer-film
thicknesses, ¢, from zero to the wvalue
corresponding to attenuation of the substrate
intensity to 1 % of its original value for t = 0
(Condition A). Second, we obtain similar
averages, Lff,e /A, for film thicknesses from

zero to the value corresponding to attenuation
of the substrate intensity to 10 % of its original
value (Condition B). '

Figure 2 shows plots of L /A and
L?, / Aas a function of emission angle. For 0°
@ 60° the L /A and L° /A values are

of similar magnitude and vary slowly with a.
Average values of L can be obtained from
these ratios and used as the "lambda
parameter” to obtain film thicknesses with the
familiar equations derived from the
assumption that elastic-electron scattering
could be neglected. For emission angles larger

than about 60°, the L,, /A and L°, /A values
in Fig. 2 change more rapidly with «, and
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Fig 2. Plots of L, and I}, for Ag 3ds»

photoelectrons (as for Fig. 1) as a function of emission
angle, @, for Condition A (solid line) and Condition B
(short-dashed line). The long-dashed lines designated
CS(a) and CS(b) show EAL results from Cumpson and
Seah [14] as described in the text.

values of L should be obtained for specific
values of « and z (e.g., from the solid lines in
Fig. 1). In such cases, it may be necessary to
estimate a film thickness, determine L for this
thickness, and then refine the film thickness by
iteration.

For ¢ 60° our EALs are in good
agreement with EALs derived from the Monte
Carlo simulations of Cumpson and Seah [14],
designated CS(a) in Fig. 2. There is poorer
agreement (as expected) with results from their
more approximate predictive EAL formula
(their CS2 formula), designated CS(b) in Fig.
2.
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