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Fig. 4: Spectra from three charaderistic regions in 
figure 3: melanin, resin and a hole, measured from 135 
individual energy-filtered images. In the melanin spec
trum carbon-, calcium-and nitrogen signals are detected. 
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Fig. 5: Image-EELS from a hole in an ultrathin Araldite 
section (cf. Fig.4). The intensity for selected energy 
losses is plotted as a function of the distance to show the 
decrease in intensity. 

be partly compensated by weighting the reference 
spectrum before subtraction according to the area below 
a reference part of the spectrum, for instance the carbon 
signal. The sensitivity of qualitative element detection is 
thus greatly enhanced. 

At higher energy losses the intensity of the energy 
spectrum decreases rapidly and the sensitivity of the TV 
camera may limit the performance. A high amplification 
of the TV signal increases the noise considerably, but on 
the other hand the image series ought to cover as much 
of the available 256 grey levels as possible in order to 
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Fig. 6: Image-EELS from the synaptic region of a rod 
photoreceptor cell in the retina of cichlid fish. (RP) -
spectrum from integrated reaction products, (HC) -
spectrum from cytoplasm of horizontal cell, (D) -
difference spectrum (RP-HC) after weighting of the 
reference spectrum (HC) according to the carbon 
contribution. The difference spectrum displays a pro-
nounced calcium signal. 
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Fig. 7: Image-EELS spectrum from Ca-ATPase reaction 
product displaying the cerium M4,5-edge. Spectrum at 
high energy losses produced by integration of images 
into the 16 bit video memory and copy of the relevant 8 
bit into the standard memory for image processing and 
measurements. 

guarantee a sufficient dynamic range and to avoid 
rounding errors. An alternative approach for image 
recording is therefore applied for low intensities. 

Several dozens of individual 8 bit TV images (256 
grey levels) are routinely averaged for every channel, 1 
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Fig. 8: Image-EELS spectrum from ferritin molecules 
on pioloform foil. (a) Spectra from individual molecules. 
(b) Spectrum from the integrated area of 7 molecules. 
The lower line shows the spectrum from formvar foil 
without ferritin. 

TV image in 40 milliseconds. At low intensities, howev
er, the TV images are integrated into the 16 bit Real
Time-Video memory (RTV) of the image processing 
system. In a second step the relevant 8 bit information 
is copied into the conventional video memory. By this 
means it is possible to profit from the full 8 bit range for 
data evaluation, although the original on-line TV signal 
covers only part of this range. The noise in the images 
is thus drastically reduced, but the integration and copy 
needs more time than the direct averaging, thus increas
ing the beam exposure of the object. 

As an example a spectrum of enzyme histochemical 
reaction product from an ATPase localization is shown 
which presents a cerium signal (M 4,5-edge) around 900 
eV, clearly resolvi1:1g the double peak of the white lines 
(Figure 7). 

A standard object for element microanalysis is 
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demonstrated in Figure 8, ferritin molecules spread on 
pioloform foil, again recorded with integration into the 
16 bit memory. The iron signal of individual ferritin 
molecules is faint, but characteristic in Image-EELS 
(Figure 8a). The special capacity of Image-EELS is the 
integration even of very small and irregular objects for 
one measurement and this increases the quality of the 
signal considerably (Figure 8b). 

Three different EELS-modes can be realized with 
the CEM 902 with greatly varying lateral resolution 
which depends upon the magnification and the size of 
the selected area for one measurement. In the spectrum 
mode the energy-dispersive plane is projected onto the 
detector, a photomultiplier tube, and the area is selected 
by the spectrometer entrance aperture. At a magnifica
tion of 50,000x this selects a circular area with a 
diameter of approximately 200 nm. In the image mode 
the image plane is projected onto the photomultiplier and 
the aperture of this detector selects a circular area with 
a diameter of 13 nm at 50,000x. In Image-EELS the 
images are recorded with the TV-camera and the lateral 
resolution is determined by the area of the object 
covering one pixel in the digital image. At 50,000x the 
pixel resolution is only 1.3 nm. The intensity drops 
rapidly with decreasing the area integrated for one 
measurement. For both conventional EELS modes a 
circular area is selected for one spectrum, while Image
EELS enables the integration of all pixels belonging to 
one object, so that many individual pixels of irregular 
objects and even of different isolated objects can be 
integrated. The statistical noise is thus decreased without 
losing the high lateral resolution. 

The effect of different lateral resolutions is illustrat
ed with Figure 9 which presents spectra from a photore
ceptor terminal after cytochemical calcium precipitation, 
similar to Figure 1. The calcium signal is most promi
nent if individual pixels are selected from the center of 
reaction products (Figure 9a), but the noise is also very 
high. Integration of reaction products results in low 
noise spectra with a conspicuous calcium signal (Figure 
9b), while the integration of circular areas diminishes 
the calcium signal rapidly with decreasing area fractions 
of the reaction product (Figure 9c and d). 

This effect can be studied separately if differing 
areas from object and reference structure are integrated 
in one spectrum (Figure 10). Image-EELS spectra were 
recorded from melanin and from empty Araldite resin 
(cf. Figure 3). A prominent calcium signal is detected in 
the melanin spectrum, but not in the spectrum from 
resin. This calcium signal decreases if pixels from both 
structures are mixed, and it is almost lost if the resin 
area exceeds the melanin four fold. In conventional 
EELS selecting circular areas, it is often difficult to find 


