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    In this work we present a method to determine the local sample thickness which is an important 
parameter for any quantitative electron microscopy work. This is accomplished by measuring the 
image intensity using scanning transmission electron microscopy (STEM) at electron energies below 
30 keV.  
    For low-energy STEM a scanning electron microscope is used in transmission mode [1]. A ring-like 
segmented semiconductor detector located underneath the thin sample detects transmitted electrons 
scattered into a hollow cone with a defined angular range. The high-angle annular dark-field (HAADF) 
segment collects electrons scattered into angles between 190 mrad and 680 mrad. Electrons 
scattered into these high angles show strong material contrast, which is pronounced due to the use of 
primary electron energies below 30 keV. Another advantage of the low electron energy is that knock-
on damage is negligible, facilitating the investigation of beam-sensitive samples. 
    The presented method for sample thickness quantification relies on the comparison of measured 
image intensities with simulated intensities. Measured HAADF intensities are referred to the intensity 
of the incident beam, which is determined by imaging the corresponding detector ring without any 
sample. The amplification settings (brightness, contrast) are adjusted for using the complete high 
dynamic range of the 16 bit detection system. These settings remain unchanged when imaging the 
sample to keep comparable conditions. The intensity offset (black level) and the intensity of the 
incident beam (white level) are used for normalization of measured image intensities. 
    For given microscope parameters (primary energy, collection angle, beam current) the normalized 
measured HAADF intensity depends only on the sample thickness and composition. If the composition 
is known the sample thickness can be determined by comparison with calculated intensity values. 
    Calculated HAADF STEM intensities are derived by Monte Carlo simulations which is an 
established method for quantitative description of low-energy electron scattering [2]. It is reasonably 
fast and flexible regarding the sample geometry and the use of different scattering cross-sections. For 
the presented results the simulation package NISTMonte [3] was used, operating with analytical 
screened Rutherford and tabulated Mott scattering cross-sections for elastic scattering. The energy 
loss is described by the continuous slowing down approximation in the modified version by Joy and 
Luo [4]. The resulting scattering angle histogram of simulated electrons is integrated over the angular 
range which corresponds to the HAADF segment. Additional corrections have to be applied to account 
for physical processes within the detector [2]. The corrected integrated intensity is normalized with 
respect to the incident intensity of the simulation.  
    The normalized measured intensity is directly compared with the normalized simulated intensity and 
allows the quantification of the local sample thickness if the sample composition is known.  
    For verification, this method was applied to different samples of known thickness. To assure a broad 
usability of the presented method the samples were chosen to cover a wide range of atomic number 
which comprise light materials like polymer films (Z<6), materials with intermediate atomic number 
(e.g. GaN with Z=19) and heavy materials (tungsten with Z=74). It was found that light elements 
require simulations based on screened Rutherford cross-sections while heavier elements are better 
described by simulations based on Mott cross-sections.  
    Figure 1a shows a HAADF STEM image of a fluorenyl hexa-peri-hexabenzocoronene (FHBC) film 
taken at 15 keV. The thickness of the film was previously measured with a Dektak profilometer. Due to 
the folding of the film several intensity measurements at different well determined sample thicknesses 
were possible as marked in Figure 1a. The measured intensities of this and thicker films are shown in 
Figure 1b (solid squares) in dependence of the nominal thickness. Empty symbols denote results from 
intensity measurements at positions with multiple film thickness due to folding. The dashed line 
illustrates simulated intensities based on screened Rutherford cross-sections which show best 
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agreement with the measured intensities. Only one film (solid and empty circles) shows a deviation 
which can be explained by the uncertainty of the Dektak profilometer thickness measurement. 
    In Figure 2a a wedge-shaped sample of tungsten prepared by focused ion-beam milling is shown. 
The HAADF STEM image was recorded at 25 keV. The thickness increases continuously from right to 
left. The image intensity was measured along the marked line. Using the known geometry of the 
sample the thickness of each point of the linescan can be determined. Figure 2b shows a comparison 
of the measured intensity in dependence of the local sample thickness with simulations. The geometric 
sample parameters (wedge angle, thickness offset at the wedge edge) resulting from the fit with the 
Mott simulated intensities (solid line) could be confirmed by top-view imaging with secondary 
electrons. 
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Figure 1. a) HAADF STEM image of a FHBC film taken at 15 keV with marked positions of intensity 
measurements. b) Comparison of measured intensities (solid symbols for films with different thicknesses, empty 
symbols for folded films as shown in a)) with Monte Carlo simulations using screened Rutherford (gray dashed 

line) and Mott cross-sections (gray solid line). 
 

 
 

Figure 2. a) HAADF STEM image of a tungsten wedge sample taken at 25 keV with marked position of intensity 
linescan. b) Comparison of measured profile (black solid line) with Monte Carlo simulations using screened 

Rutherford (gray dashed line) and Mott cross-sections (gray solid line). 

 


