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Spectroscopic mapping by STEM/EELS is a powerful technique for determining the structure 
and chemistry of a wide range of materials and interfaces [1-3]. Further improvements to spectral 
signal-to-noise ratio (SNR) are necessary in order to extend this tool to dose-limited experiments, 
such as those at cryogenic temperatures. While conventional EELS detectors convert electrons to 
light that is subsequently detected by a photodetector, direct electron detectors (DED) count 
individual electrons without the intermediate conversion, resulting in improved detector quantum 
efficiency (DQE), narrower point spread function (PSF), and superior SNR [4]. Here, we 
demonstrate the use of a direct electron detector for atomic-resolution spectroscopic mapping 
and compare its performance to a traditional indirect detection camera. 

Broad-range spectroscopic mapping is demonstrated on BiFeO3/LaFeO3 (BFO/LFO) superlattice 
films using an aberration-corrected FEI Titan Themis at 300kV equipped with a 965 GIF 
Quantum ER and a Gatan K2 Summit operated in electron counting mode. An energy dispersion 
of 0.5 eV/channel across the 3710-pixel K2 chip gives a full energy range of more than 1800 eV, 
allowing simultaneous acquisition of both the minor La-M2,3 edge at 1123 eV and the late-onset 
Bi-M4,5 edge at 2580 eV (Figure 1a).  

Experimental comparison between the K2 Summit and the Gatan Ultrascan1000 CCD camera is 
performed on a La0.8Sr0.2MnO3 (LSMO)/SrTiO3 (STO) interface by acquiring equivalently 
parametrized spectrum images with both detectors using a 2.5 msec/pixel dwell time. Across a 
full energy range of 1855 eV, the K2 preserves resolvable core loss fine structure, while the 
smaller chip size and higher read-out noise of the Ultrascan must sacrifice energy resolution and 
SNR to achieve the same range (Figure 1b). Chemical maps of the Ti-L2,3, Mn-L2,3, and La-M4,5 

edges extracted from the same spectrum images illustrate the importance of high SNR for rapid 
acquisition atomic mapping (Figure 1c). The detector improvements described above will be 
particularly important for low-dose or rapid acquisition EELS experiments at low temperatures. 
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Figure 1. (a) A total energy range of 1855 eV combined with high SNR yields atomic resolution 
mapping of the minor La-M2,3 and late-onset Bi-M4,5 edges in a BFO/LFO superlattice from a 
single spectrum image recorded with a 965 GIF Quantum ER plus K2 Summit in counting mode 
using a 5 msec dwell time, 100 pA beam current, and a dispersion of 0.5 eV/ch. (b) 
Experimentally equivalent spectra collected on both the K2 and the Ultrascan with identical 
parameters giving a total energy range of 400-2200 eV and rapid acquisition time of 2.5 sec per 
pixel. Core loss edge fine structure is preserved by the K2 and without sacrificing the energy 
range necessary to simultaneously capture the Ti-L2,3 and Sr-L2,3 edges at 455 and 1940 eV, 
respectively. (c) 214 x 217 pixel atomic resolution maps of the LSMO-STO interface from the 
spectra in (b) illustrate the improved SNR of the K2 detector for rapid acquisition EELS. The 
total acquisition time including HQ correction increased by 23% from 123 sec on the K2 to 151 
sec on the Ultrascan, which becomes more significant for even larger maps. 




