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Spatially resolved EELS (SR-EELS) [1] is a technique to preserve spatial information when
recording EEL spectra. Essentially, many EEL spectra are recorded in parallel as a function of
one spatial coordinate, perpendicular to the energy dispersive direction. This method is useful
for investigating specimens like interfaces and layer systems. We apply SR-EELS in a TEM with
an in-column Omega filter [2]. Remaining aberrations can be corrected by processing the
recorded SR-EELS dataset, using the results of a previous characterisation measurement.
The characterization measurement is performed using the small filter entrance aperture -
100µm instead of 500µm used for the final SR-EELS measurement. The aperture is shifted
along the lateral axis. At several positions a SR-EELS dataset is recorded. For each energy
channel we can extract the position of the aperture borders (yb). From this information we can
calculate the width (w) and the position (y) of the aperture. To increase the signal to noise
ratio, up to 64 energy channels are binned.
One aberration is directly visible when inspecting a SR-EELS datasets. The width of the
aperture decreases with increasing energy loss. Figure 1a) shows a superposition of 3 datasets
recorded using the described method. The borders of the apertures are plotted in figure 2. In
addition to the change of the aperture width, the borders are curved. A two dimensional
polynomial of 2nd order (Σij Aij ΔEi yb(ΔE=0)j) is used to describe this aberration, where yb(ΔE=0)
is the position of the border at E=200keV, the energy of electrons that are not deflected by the
energy filter. The correction of the aberration is done by image processing. Figure 1b) shows
the correction of figure 1a) using the polynomial plotted in figure 2.
The change of the aperture width is best visible when plotting the width of the aperture as a
function of the position, for only one energy channel (see figure 3). With increasing distance to
the image centre, the width of the aperture decreases. A polynomial of 2nd order describes
this well. This aberration is depended on the excitation ΔQSinK7 of the 7th corrector of the
energy filter. For ΔQSinK7=-32% there is nearly no change in width of the aperture. Figure 4
shows the variation of the aperture width for all recorded energy channels. A two dimensional
polynomial of 2nd order (Σij Aij ΔEi yj) is used for fitting. The dependency w(ΔE) is clearly visible
in both graphs, while only ΔQSinK7=0% shows the dependency w(y).
[1] L. Reimer et al., Ultramicroscopy 24 (1988) 339-354.
[2] S. Lanio, PhD thesis (1986), TH Darmstadt.
[3] The code that has been used to perform the characterisation is available on GitHub:
https://github.com/EFTEMj/EFTEMj/Scripts+Macros



 
Fig. 1: a) A superposition of 3 SR-EELS datasets recorded
while the excitation of the 7th corrector was changed by
ΔQSinK7=-32%. A amorphous carbon film has been used to
guaranty a uniform signal which simplifies the processing.
b) A corrected version of a).
 

 
Fig. 2: The aperture borders extracted from the datasets
shown in figure 1a). Only every 2nd data point is displayed.
A polynomial of 2nd order can be used to fit each border
separately. Introducing the position of the polynomial at
ΔE=0eV, a single two dimensional polynomial of 2nd order
can be used to fit all borders simultaneously.
 

 
Fig. 3: The width of the filter entrance aperture is plotted as
a function of the position on the lateral axis (only the
energy channel ΔE=0eV is considered). The graphs differ
by the excitation ΔQSinK7 of the 7th corrector. A second
order polynomial has been used for fitting.
 

 
Fig. 4: The width of the filter entrance aperture is plotted as
a function of the position on the lateral axis. In contrast to
figure 3 all recorded energy channels are considered. The
optimal excitation (ΔQSinK7=-32%) of the 7th corrector is
compared to the default excitation (ΔQSinK7=0%). Only
every 4th data point is displayed.
 


