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Recent developments in high energy-resolution electron energy loss spectroscopy (EELS) in a scanning 

transmission electron microscope (STEM) have brought about renewed interest in optimizing the 

performance of the spectrometers [1-3]. Apart from further improvement of instrumental stabilities, 

minimization of the spectrometer aberrations (including high-order ones) have become demanding. In 

particular, automatic measurement and correction of the aberrations are necessary for improving the 

energy resolution of the momentum-resolved EELS in a q-ω mode, which uses a slit aperture to select a 

string of diffraction spots in the non-dispersive direction at the EELS entrance plane. An automatic 

EELS tuning is essential because such a mode requires aligning diffraction spots with the slit aperture by 

adjustment of the projection lenses, which inevitably introduces extra aberrations to the final detection 

plane. 

The first step to EELS tuning is to measure the spectrometer aberrations. Here, we report our automatic 

and quantitative measurement of the geometric aberrations for EELS in NION’s MACSTEM based on 

the well-known ray tracing technique in geometric optics (Figure 1) or the equivalent Eikonal 

approximation in quantum mechanics. The accuracy of measurements is compared to our simulation [4], 

which is based on quantum mechanical calculations (Figure 2). A good match was found by a visual 

comparison. We also tested the accuracy of the ray tracing technique, which neglects the wave 

mechanical properties, by extracting aberration coefficients from simulated aberration patterns and 

comparing them with the input coefficients. We ran the simulation using parameters based on the 

experimental settings, which consists of 48 independent beam tilts in a range of (-25 mrad, +25 mrad) in 

both directions. With such practical conditions, we noticed that aberrations up to the third order can be 

measured accurately and that selection of the regression algorithms affects the accuracy of the 

measurements. 
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Figure 1. Schematic diagrams of the automatic data collection. A computer program [2] automatically 

tilts the beam about a pivot point on the sample plane. Images of the condenser aperture at different tilts 

are recorded sequentially by the Ronchigram camera on the diffraction plane. The same tilt series is then 

repeated and the patterns on the EELS camera are recorded sequentially. The aperture images and the 

aberration patterns are summed over time and displayed in the figure. 

 

  

Figure 2. An overview of the EELS aberration measurement and a comparison to the quantum 

mechanical simulation. The 48 independent pairs of beam tilts and their respective shifts (both derived 

from the weight-averaged values) are input to the polynomial regression, which gives the aberration 

coefficients. To check the accuracy of the measurement by a visual comparison, these coefficients are 

input to the simulation. The beam shifts on the EELS camera plane provide a calibration of the tilt 

angles at the sample plane. 
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