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Several first EELS results from our NION UltraSTEM 100 fitted with the newly developed NION 
monochromator and a Gatan Enfinium are described here. This microscope is both aberration corrected 
and monochromated, to enable millivolt energy resolution and atomic image resolution [1]. Typical 
operation produces a FWHM zero loss peak (ZLP) resolution of 30 to 50 meV with current sufficient for 
EELS at 60 or 100 keV. The base width of the ZLP is also reduced relative to the width found in 
standard microscopes; the half-width of the base at the region of sharp curvature being about 1 eV 
depending on operating conditions. This is a very important feature in addition to the higher resolution, 
which permits more detailed examination of near edge fine structure for core edges than presently 
possible. Several authors have commented earlier on its importance for experimental investigation of 
band gaps, intra/interband excitations, and midgap states in semiconductors and insulators [2,3].  
 
We found that band gaps larger than the relatively intense ZLP half width are quite observable, and that 
significant improvements in S/N occur when the ZLP is shifted off the detector to avoid using many 
readouts to collect data.  An example for BN is shown in Fig.1. Spatial resolution is sufficient for 
measurements in typical superlattices as shown if Figs. 2 and 3. This multiwall AlGaN/GaN superlattice 
is 2 nm (well) x 5 nm (barrier), grown on AlN substrate. The difference in band gap between the two 
was easily detected. The AlN gap is a bit smaller than literature values. This may be due to defect states 
in the material or Cerenkov radiation effects in a thicker specimen. 
 
Fig. 4 shows the LL spectrum for FeS2, which has a small band gap Eg ≈ 0.95 eV [4]. In these small gap 
cases only a very small window is available for background fit, and determination of Eg is more difficult 
because the background changes quickly with energy in this region. Several different methods may be 
useful for background subtraction, including fitting the high loss side of the ZLP with appropriate 
functions, measurements of the point spread function (PSF) of the detector, and ZLP subtraction or 
deconvolution, so these remain active and important questions [2,3]. Given the atomic image resolution 
of corrected STEM, very high spatial resolution measurements of band gaps are now possible for the 
first time, and delocalization effects must be considered. 
 
There is significant structure in the spectra from AlN, AlGaN, and pyrite just above Eg directly related to 
N(E) visible for the first time. In the cases of AlN and AlGaN these seem related to “flat bands” just 
above the conduction band edge. These features and midgap states due to defects can also be 
investigated using this remarkable new instrument.  
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Fig. 1. a. shows BN LL spectrum with ZLP shifted off the detector. b. shows the same spectrum collected with  
multiple reads with the ZLP on the detector. Both show the Eg ≈ 5.7 eV band gap. The background for large  gaps 
varies slowly with energy. 
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Fig 2. Band gap measurements for (a) AlN substrate Eg ≈ 6 eV and (b) AlGaN/GaN multiquantumwell 
superlattice; Eg ≈ 5.0 eV. The superlattice is shown below. 

Fig. 3.  AlGaN/GaN superlattice showing a well 
between two barriers, corresponding to Fig. 2b. Z-
contrast STEM image. 

Fig. 4  LL EELS region for Pyrite showing  
band gap ≈ 0.90 eV. Note the small window for 
background subtraction. 


