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Electron Energy Loss Spectroscopy
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Fig. 2. Low loss spectra from a 200 A diameter beryllium
oxide precipitate in a beryllium alloy compared with
the spectrum from the matrix.
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Fig. 3. Energy loss spectra recorded by Ritsko and Mele
~ (1980) from FeCl, intercalated stage-1 graphite and
pure graphite. An intraband transition at about 1 eV
is evident in the intercalated compound. The peak at
7 eV in graphite, shifted to 6 eV in the intercalated
compound, is the 7 interband plasmon. The data was
recorded with a momentum transfer, q = 0.1 A .

The peak at 7 eV in graphite is a = plasmon excitation. It is
observed at lower energy in the intercalated compound be-
cause the graphite planes are further apart and the electron
density is lower.

We are not able to discuss the low loss spectra in more
detail here but list some other areas where important data
have been obtained. Studies have been made for example on
metals (Batson et al., 1976),on semiconductors (Chen et al.,
1975) and on surface excitations in anisotropic materials
(Chen and Silcox, 1975; Ray, 1981).
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Quantitation

The advantage of using EELS for the detection of light
elements has been well demonstrated. Low fluorescence yield
and poor collection efficiency make the conventional x-ray
microprobe technique insensitive for low Z. In contrast the
efficiency for detecting inner shell ionization events by EELS
is high and the K and L shell cross sections for the lighter ele-
ments are particularly favorable. It has also become apparent
that heavier elements can be detected by their M and N
edges, but these edges are somewhat more complicated in
shape (Colliex and Trebbia, 1978) and are more difficult to
quantitate. The basic groundwork for quantitation has been
given by Isaacson and Johnson (1975). The measured signal
(counts) per eV of the spectrum

dS,
dE
for a core excitation X is,
ds J do
‘:(—)r * (x,E)Ny 19
dE e dE

where J is the incident probe current, 7 is the integrating
time, N, is the number of atoms X per unit area of the same

doy

dE

is the differential cross section per atom integrated over a
collection semi-angle o . Equation 19 can be rearranged to
give the absolute number of atoms per unit area in terms of
the intensities in the core edge and in the low loss part of the
spectrum. The quantity, I = J7/e, is simply equal to the
total number of counts in the spectrum if collection is over all
angles. In practice only a limited collection angle o and a
limited energy window A above the edge threshold can be
used. Egerton and Whelan (1974a) have given an expression
for N in terms of the measured counts in the core edge

and (o< ,E)

S\( o, A) and the measured counts in the low loss spectrum
I(x,A), both quantities being obtained for an appropriate
o and A,

S,

x (<,4)

N 20

x:I(OC,A)oX(oc,A)

where o, (o, A) is the partial integrated cross section. This
formula takes some account of mixed scattering (plural in-
elastic and elastic-inelastic) by assuming that the low loss
spectrum is affected in the same way as the core edge. Al-
though only approximate it has been found experimentally to
be satisfactory for many applications (Joy et al., 1979; Joy
and Mabher, 1981). Often, however, it is the ratio of two or
more elements that is important and this is simply given by
the ratio of their integrated edge intensities divided by the
ratios of the corresponding partial cross sections (Leapman,
1979).

The intensity under the core edge is found by extrapolating
the background intensity arising from the tails of other core




