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Richard Leapman 

plates after the spectrometer. The electrons strike a scintil­
lator and the light produced is amplified by photomultiplier. 
The resulting electrical pulse is preamplified, discriminated 
and passed into a multichannel analyzer for display. It is 
desirable to interface the multichannel analyzer to a larger 
computer for storage and data processing. 

Such a system is capable of pulse counting single electrons 
at a rate in excess of 107Hz. However the spectrum is record­
ed serially one channel at a time. Recently attempts have 
been made to develop electronic parallel recording devices 
which can count many channels simultaneously, thereby in­
creasing the collection eff iciency. Previously the only parallel 
detection method available has been photographic film, which 
has been very useful but inconvenient. The most promising 
electronic parallel detection systems convert the dispersed 
electrons into light which can then be magnified and focussed 
on to the recording device. Direct exposure of the device to 
fast electrons can cause problems due to radiation damage. 
Shuman (1981) has developed a fiber-optic coupling to a sili­
con intensified target (SIT) vidicon tube. Optical lenses are 
used to image the spectrum from a phosphor onto the SIT 
photocathode. Also a magnetic lens is placed after the spec­
trometer to increase the energy dispersion. An energy resolu­
tion of a few eV has been demonstrated. Other parallel detec­
tion systems have been developed by Johnson et al. (1981) 
and Egerton (1981a) who have used image intensifiers and 
linear photodiode arrays. 

Finally, we should note that although we have only men­
tioned the magnetic sector spectrometer, many other types 
exist which use combinations of electrostatic and magnetic 
fields. Some of these are capable of very high energy resolu­
tion, especially those which retard the electron beam before 
the dispersion occurs (Schnatterly, 1979; Ritsko and Mele, 
1980). We do not have space either to discuss another type of 
instrument, the energy filtering microscope, which is capable 
of forming energy selected images in the TEM mode (Cas­
taing and Henry, 1962; Rossouw et al., 1977; Zanchi et al., 
1977). 

INFORMATION FROM LOW LOSSES 

We have already given a brief description of the valence 
excitations; let us now examine some spectra to show what 
sort of information can be extracted. 

Figure 2 shows data from a beryllium alloy containing pre­
,'.ipita tes of beryll ium oxide a few hundred A in diameter. 
The low loss spectrum from one such precipitate of BeO is 
compared with the matrix. The width of the zero-loss peak 
indicates that the energy resolution is 2eV. It is noted that the 
zero-loss peak also contains electrons which are scattered 
elastically inside the collection aperture as well as quasi-elas­
tically (phonon) scattered electrons which suffer energy losses 
less than about 0.1 eV. A significant shift between the metal 
and oxide plasmon peaks is evident, their energies being - 17 
eV and 25 eV respectively. The plasmon is relatively narrow 
in the metal which is free-electron-like whereas the oxide is 
more complicated and the peak at 25 eV is only partially col­
lective in nature, being broadened by single-electron excita­
tions. Qualitatively the increased energy of the plasmon-type 
peak in the oxide can be explained by the greater number of 
valence electrons in the solid. A difference in spectral shape 
is also visible at lower energies. In the metal there is evidence 
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for intraband transitions at a few eV energy, as expected 
from the existence of a partially filled conduction band. 
Beryllium oxide is a strong insulator however, and this ex­
plains why the intensity falls to zero and only begins to rise 
again at about 7 eV, corresponding to the band gap. 

Figure 2 also demonstrates the presence of plural inelastic 
scattering which produces additional peaks at twice the plas­
mon energy in both Be and BeO. Plural scattering is gov­
erned by a Poisson distribution, where the probability of 
single scattering is proportional to the thickness t, double 
scattering goes as t2 , etc. The measured intensity in the spec­
trum I (E) can be written (Batson, 1976) in terms of a series of 
convolutions, 

t2 
( 2!) Q(E)*Q(E) + .... ) 17 

where Q(E) is the single scattering distribution, 1
0
(E) is the 

instrumental resolution function, o(E) represents the unscat­
tered beam, and "T is the total mean free path for inelastic 
scattering. In general this equation should also be expressed 
in terms of _g_ or 0, but for simplicity we have omitted the 
angular dependence here. A quantitative understanding of 
the spectrum can in general only be achieved by deriving 
Q(E) or Q(E, 0). Several author s have demonstrated that the 
single scattering distribution can be retrieved from the mea­
sured spectrum (Johnson and Spence, 1974; Batson, 1976). 
Their method invol ves taking a Fourier transform of Equa­
tion 17 , thus leaving a simple exponential series which can 
be inverted by means of the complex logarithm function. 

Equation 17 gives a very simple expression for the sample 
thickness in terms of "T· 

18 

where IT and I z are respectively the areas under the entire 
spectrum and the zero loss peak. This can provide the basis 
for an accurate thickness determination if "Tis known. 

We now consider an example of how more detailed infor­
mation can be obtained from the valence excitations. Fig. 3 
shows the low loss spectrum recorded by Ritsko and Mele 
( 1980) from a sample of graphite intercalated with ferric 
chloride to give the stage-I compound. For comparison the 
spectrum from pure graphite is also displayed in Fig. 3. The 
data was collected using a specially designed electrostatic 
spectrometer system capable of 0.1 eV energy resolution. 
These authors interpret the spectra as follows . Since graphite 
is a semi-metal with a completely filled valence band and an 
empty conduction band, removal of charge by the intercalent 
results in a partial emptying of the valence band. New intra­
band excitations are then possible and these are evident as a 
strong peak at - I eV. In fact from its dispersion as a func­
tion of q it is deduced that the peak is an intraband plasmon. 
A more detailed analysis of the excitation yields an accurate 
measurement of the charge transfer (Ritsko and Mele, 1980). 
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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 3 intercalated stage-I 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 1r interband plasmon. The data was 
recorded with a momentum transfer, q = 0.1 A - 1• 

The peak at 7 eV in graphite is a 1r 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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MICROANALYSIS 

Quant itation 

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 X 

dE 
for a core excitation X is, 

dS J d ax 
_x = (- ) r-(ex,E)N 
dE e dE x 

19 

where J is the incident probe current, r is the integrating 
time, N x is the number of atoms X per unit area of the sa me 

dax 
and -- ( ex ,E ) 

dE 

is the diff eren tial cross section per atom integrated over a 
collection semi-angl e ex . Equation 19 can be rearranged to 
give th e 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 = Jrle, 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 ex and a 
limited energy window c. above the edge threshold can be 
used . Egerton and Whelan (1974a) have given an expr ession 
for N in terms of the measured co unt s in the core edge 

X 

S x ( ex , c.) and the mea sur ed co unt s in th e low loss spectrum 

I (ex, c.), both quantities being obtained for an appropriate 
QC and c., 

Sx(QC,A) 
Nx=------­

I(QC,c.) ax (ex,c.) 
20 

where ax ( QC , c.) 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 Maher, 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 


