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During the previous decade, Scanning Transmission Electron Microscopy (STEM) has gained a
growing importance, enforced by the availability of TEMs with high-performance Cs correctors
for the condenser system [1, 2]. One major benefit of STEM is that additional signals like X-ray
emission (EDX) or energy loss of transmitted electrons (EELS) can be acquired with the same
local resolution as the image of a sample.
The energy filtering in the STEM mode provides an improved time-to-data (or time-to-result) at
a spatial resolution which is sufficient for a lot of application cases. Compared to the
acquisition of complete EEL spectra at every pixel which leads to a long measuring time and a
large data volume, , the proposed technique allows to obtain a highly resolved elemental
distribution without leaving the STEM mode of the instrument [4].
The energy-filtered STEM data can be acquired using an in-column filter in combination with a
BF/DF detector or a HAADF detector, positioned in the electron-optical path behind the filter
(Fig. 1). After passing the energy selecting slit, the beam contains only electrons of the chosen
energy range, and the acquired signal is comparable with that of the well-known EFTEM
method [4].
One application is the improvement of the image quality by removing the inelastic scattered
electrons. Shifting the energy of the primary beam allows to acquire STEM images using an
energy window with a defined energy loss in the low loss or the core loss region. A
combination of several images allows the application of the 3-windows method similarly to
EFTEM or of the jump-ratio-method [2] (Fig. 2). The acquisition of a series of images with an
energy window of about 2 eV and with stepwise increasing energy loss enables a detailed
characterization of chemical bindings – either in the plasmon range of the EEL spectrum or
above the ionization edge of an element.
Advantages of this technique are a better utilization of the available beam intensity, which is
often weak for large energy losses. This approach enables to improve the focus of the image
for large energy losses. In addition, some materials show less electron-beam damage in case
of STEM imaging [5]. For these materials, the described technique is the technique of choice to
avoid long illumination times as they are necessary for EFTEM. Finally, a sample drift does not
influence the results as much as in the TEM mode.
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Fig. 1: Schematic of an In-column STEM with HAADF-Detector behind the filter
 

 
Fig. 2: Elemental mapping of a semiconductor structure, acquired by energy filtered STEM and evaluated using the
jump-ratio method for the elements nitrogen (a), oxygen (b) and titanium (c)
 


