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Quantitative EDX and EELS Elemental Mapping at Atomic Resolution
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Cs-aberration correction of electron probes as used in a scanning transmission electron
microscope (STEM) has enabled numerous applications, showing atomic resolution analysis from
interesting materials science samples [1,2,3]. The high-angle annular dark-field Z-contrast imaging
technique has long been widely used, but only recently has become quantitative, in the sense that
counting atoms and correlating their occurrence in the unit cell / structure has become possible [4,5].

This progress in STEM imaging for a long time remained unaccompanied by equivalent
improvements in the equipment needed to augment such measurements with analytical EELS (electron
energy loss spectroscopy) and EDXS (energy dispersive x-ray spectroscopy) data. However, the latest
innovations such as collection-efficient solid state X-ray detectors and EELS spectrometers for the
simultaneous recording of both the low-loss and the core-loss region have made analytical investigations
much more powerful and reliable [6,7]. In order to combine both techniques and harness their respective
potentials for light- and heavy-element quantitative atomic resolution analysis, we have set up a
powerful hardware configuration (GIF Quantum, Bruker / FEI Super-X detector, Cs-probe corrected
Titan, operated under de-embedded 64bit DigitalMicrograph and driven by DigiScan) and, secondly,
have implemented an analysis concept which reduces the need for estimates on most of the parameters
needed for quantitative EDXS and EELS (like sample densities, absolute thicknesses, theoretical
ionization cross-sections etc.) [8].

Even then, putting meaningful quantitative figures on atomic resolution maps in terms of volumetric
concentrations requires detailed theoretical simulations, as the complex physics of scattering unlinks the
observed analytical intensities from the projected atomic positions. With the use of the so-called
quantum excitation of phonons (QEP) model [9], a calculation of the underlying elastic and thermal
diffuse scattering (TDS) is possible and quantitative comparisons between experiment and quantum
mechanical calculations for both EDXS and EELS can be made. In this talk, we describe the use of a
“nonchanneling” (off axis) signal to calibrate atomic resolution STEM EDXS and EELS images of
strontium titanate [001] for the quantitative analysis. Figure 1 shows EDX concentration values obtained
at specific atomic sites and averaged over the full image from a 61 nm thick sample. The effects of
elastic and thermal scattering and the delocalization of the particular ionization edge can produce
apparent number densities either larger or smaller than the actual values. By implementing an inversion
process, the correct numbers could approximately be recovered [10].
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Figure 1. Strontium titanate [001] HAADF STEM image (left) taken simultaneously with low-loss and
high-loss EELS (middle) and EDXS data (right) on a Quantum DualEELS electron spectrometer
(Gatan) and a 0.7sr Super-X x-ray detector (FEI).
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Figure 2. Absolute volumetric concentrations from EDXS data (upper row) together with QEP
simulations (below); basis for an inversion [10].
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