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A New Era of Analysis with Spherical-Aberration-Corrected STEM — Atomic
and Electronic Information Approaching the Single Atom Level
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A corrector for the spherical aberration in the probe-forming optical part of a transmission electron
microscope allows for increasing the spatial resolution in scanning transmission mode [1]. By
collecting electrons scattered to high angles, atomic-number (Z) sensitive maps can be recorded - at
a resolution beyond the one-Angstrém barrier. Such Z-contrast micrographs make it possible to
extract direct structural information of materials and their defects on the atomic level.

Besides the high spatial resolution feasible with a probe Cs corrector, electron probes of high current
can be formed. The increased probe current is particularly beneficial for analytical work on the
atomic scale. Recent developments of electron optical devices have also lead to the realization of
electron monochromators [2]. An electron monochromator implemented between the electron source
and the illumination system reduces the energy spread of the incident electron beam. Apart from
improving the information limit in HRTEM, an electron monochromator significantly enhances the
information content in electron energy-loss spectra; electron energy-loss spectroscopy can
ultimately be performed with an energy resolution approaching 100 meV at 300 keV primary
energy.

The integration of an electron monochromator AND a probe Cs corrector in one system allows for
combining their benefits. This combination has been realized on a FEI Titan system equipped with a
Wien-filter type monochromator and a hexapole probe Cs corrector [3] operated at 300 and 200 kV.
While the monochromator enables a high energy resolution in EELS, more than counterbalancing
the loss of current induced by the monochromator, the Cs corrector warrants that a small electron
probe of high current can be formed. High energy-resolution electron energy-loss spectroscopy on
the atomic scale has thus become feasible.

This advanced analytical capability in STEM will certainly touch physical limits in materials
science. For HR-EELS requires a high dispersion of the spectrometer, the electron dose needed to
record a signal of sufficient signal-to-noise ratio has to be larger than in conventional EELS working
at lower dispersions. The electron dose a single atomic column can stand is therefore a critical value.
Another limiting factor to consider is the localization of the EELS signal. The localization of
inelastic electron scattering is controversial; performing electron energy-loss spectroscopy with an
atomic-size monochromated electron probe will help to reveal the ultimate spatial resolution which
can be achieved in core-loss and valence-loss electron energy-loss spectroscopy.

In this contribution, utilization examples of probe Cs corrector and monochromator and their
combination will be described. The combination of these technologies is anticipated to opening
doors for researchers to study morphology, crystallography, elemental and chemical composition as
well as electronic structure at resolution levels not demonstrated before in one instrument.
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Fig. 1. Probe Cs corrected and monochromized Titan —uniquely designed for the Ernst-Ruska-
Centrum in Jiilich, Germany- operated at 300kV. The Si [110] shows STEM resolution down to
0.105nm and the probe used has a FWHM of AE = 0.14¢V at 1s exposure time and a probe current
of 60pA (19mrad acceptance angle).

Fig. 2. An application example of Low-loss
EELS using Titan’s monochromator. The
EELS spectrum of GaAs and GaAlAs shows
the band gap next to the zero loss peak. The
insert shows the shift of the band gap of GaAs
and GaAlAs.
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