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As noted by Crewe in his classic paper introducing the field-emission STEM: “it seemed that the
most promising method for obtaining adequate contrast was by the use of energy-loss mechanisms.”
[1]. Here we consider the question of contrast in STEM-EELS maps. Recent work has convincingly
argued that the Stobbs factor—disagreement in contrast between simulated and experimental
atomic-resolution images—in HAADF-STEM imaging can be accounted for by including the
incoherent source size in simulation [2]. However, less progress has been made for atomic-
resolution STEM-EELS mapping. This is hindered by two main issues. First, the EELS signal is
several orders of magnitude weaker than that of HAADF, requiring a much more stable instrument.
Second, the computation time required by an inelastic double-channeling simulation is several
orders of magnitude longer than that required by a HAADF multislice simulation [3]. To shorten the
computation time, a single-channeling model which neglects the subsequent multiple elastic
scattering of the inelastically-scattered electrons is often used [4]. However, the failure of Bloch-
wave simulations in moderate-thickness HAADF-STEM alerts us that the channeling of the inelastic
signal is likely to substantially affect both the EELS-map contrast and the absolute signal there.

Here we report the first atomic-resolution STEM-EELS mapping with both the ADF and the
EELS signals normalized to the incident beam (Fig 1), enabling a quantitative analysis of cross-
sections and contrast. This allows us to explore the interplay between elastic and inelastic contrast,
determine the limits of the single-channeling approximation and demonstrate that the Stobbs factor
for STEM-EELS mapping can be accounted for (Fig 2b) by the source-size determined from ADF-
STEM (Fig 2a). We spectroscopically imaged DyScOs; (DSO) at a series of thicknesses ranging
from 20 nm to 90 nm (O =32 mrad, B =80 mrad, ADF=98-295 mrad). The incoherent source
size needs to be modeled as a Gaussian convolved with a truncated Lorentzian [5] in order to
simultaneously match the ADF contrast of the Dy columns, the Sc columns and the background
level (Fig. 2a). This is most likely due to the probe tail from residual geometric aberrations,
chromatic aberration and instabilities during data acquisition. Using the EELS spectra obtained, we
can map out Dy from the N, 5 edge at ~150 eV and M, s at ~1300 eV, and Sc from the L, ; edge at
~400 eV. As shown in Fig. 1, the contrast of the experimental maps agrees well with that of the
double-channeling simulations convolved with the ADF-determined source size. It is worth noting
that, however, a donut structure develops with thickness on the Dy columns when the integration
windows moves onto the fano resonance peak of Dy-N,s. The final state on the resonance has a
much more delocalized overlap with the 3d initial states than that of the off-resonance continuum
states. Therefore, the on-resonance map started with a relatively weak contrast. With the beam
directly on the Dy columns, elastic and thermal diffuse scattering quickly depletes the beam on
column, producing the donut structure. [6]
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Fig. 1. Comparison of the EELS maps and simultaneously-acquired ADF images with simulations. The
simulated images are convolved with the source size determined in Fig. 2a. Each experimental map is a
position averaged result from a 10x10-unit cell EELS map and each image is on its own gray scale. (Dy N5
On Resonance: 4 eV window around the resonance at ~164eV; Dy N, ;s Off Resonance: 200-230 eV)
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Fig. 2. (a) Quantitative match between the experimental contrast of the simultaneously-acquired ADF images
with the frozen-phonon multislice simulations. The source size is determined to be a 0.81A-FWHM Gaussian
convolved with a 0.15A-FWHM Lorentzian. (b) Comparison of the contrast in the EELS maps with the
double-channeling simulation. The double-channeling simulations were convolved with the source size
independently determined by the ADF-STEM analysis in (2a).
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