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Aberration correction is an area of research with a long history in electron microscopy,
dating back to the discovery by Scherzer in 1936 that the spherical and chromatic
aberrations of conventional round lenses will always be positive [1]. The correction of
spherical aberration (C s) is achieved by incorporating a separate aberration corrector,
containing non-round elements, into the electron optical system to eliminate the Cs of the
round objective lens. We have recently fitted a quadrupole-octupole Cs-corrector [2], to
the 100 kV VG501 STEM at ORNL, shown in Fig. 1. The STEM is particularly well
suited to the correction of spherical aberration because the high-angle annular dark field
(HA-ADF) image can be directly interpreted as an image of the atomic column positions
[3], is relatively insensitive to chromatic aberration and allows the simultaneous
acquisition of electron energy loss spectra (EELS).
Once the spherical aberration has been eliminated, the major factors that limit the
resolution of a Cs-corrected STEM are the stabilities of the column, both electrical and
mechanical, and the so-called parasitic aberrations. At ORNL, the Cs-corrected
microscope is isolated from mechanical vibrations by means of a suspension system and
sound damping surroundings. Parasitic aberrations can arise because of mis-alignments of
the system, or inhomogenieties in the magnetic elements (an example is described in [4]).
Accurate alignment and the flexibility to cancel any parasitic aberrations are therefore
essentials in a Cs-corrected system. In order to achieve a higher resolution, the objective
aperture size should be correspondingly increased (Fig. 2.). This also means that the
accuracy with which all parasitic aberrations must be corrected is increased by a factor
depending on the increase in aperture size and the order of the aberration. To achieve this
precision, computer control of the corrector alignment is essential. Because conventional
methods of determining the aberration function are not well suited to a STEM, instead
our Cs-corrector uses a method based on the analysis of the electron shadow image, also
known as the Ronchigram (Fig. 2) [2].
Example HA-ADF images of silicon “dumbbells” are shown in Fig. 3. Without Cscorrection, the resolution of the 100 kV STEM is approximately 2.2 Å, and the dumbbells
cannot be resolved. After Cs-correction the 2 distinct columns, separated by only 1.36 Å
are resolved. The correction of spherical aberration in the STEM will allow imaging and
microanalysis at higher resolution than ever before.
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Figure 1. External view of Cs-corrected
100 kV VG501 STEM at ORNL.
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Figure 2. Ronchigrams taken (a) before and
(b) after the correction of spherical
aberration. In both cases the approximate size
of the optimal objective aperture is indicated.
(b)

Figure 3. HA-ADF images of silicon “dumbbells” at similar magnifications taken in a
100 kV VG STEM (a) before and (b) after the correction of spherical aberration. Some
instabilities are present and are more visible with higher resolution.

