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The recent successful correction of spherical aberration in scanning transmission electron
microscopy (STEM) [1] allows the use of a larger convergence angle, which causes a decrease in
the depth of field (DOF). This change is of interest because the DOF is reduced by about an
order of magnitude, meaning that a series of images can be recorded at different focal values,
effectively obtaining a series of slices through a sample and allowing three dimensional (3D)
images to be obtained [2-4].

This depth-sectioning mode (3D STEM) allows extremely high lateral resolution with a vertical
resolution of several nanometers and has displayed sensitivity to single atoms [2-3]. Although
detection limits and beam induced motion can limit the precision, single heavy atoms can be
located in all three dimensions on materials such as catalysts [2] or semiconductors [3, 4].
However, for large biological samples that might be several tens of microns across, might be
susceptible to beam damage, and possess interesting structures that offer only very weak contrast,
the imaging requirements may be very different [5]. In this application it is possible to use heavy
nanoparticles to label specific proteins [6, 7]. These nanoparticles are typically 1-5 nm in
diameter and are selected to have a large atomic number Z such that they will be visible through
a relatively thick carbon-based sample. In these samples, an improvement in the (relatively
poor) depth resolution of the 3D STEM technique might be desired, even at the expense of
degrading the lateral resolution.

For an aberration-free probe increasing the aperture size will reduce the DOF, but in practice the
DOF is usually limited by aberrations, analogously to the 2D resolution. Numerical calculations
[8] suggest that the aperture angle that optimizes the 3D DOF will be close to the same value that
optimizes the 2D probe size under typical conditions. However, when imaging extended labels,
the vertical resolution does not always correspond to the traditional DOF, but is limited by the
shadow due to the finite label size. Fig. 1 is calculated for a STEM without an aberration-
corrector and shows the DOF for the probe and the full width at half maximum (FWHM) in the
vertical direction for a particle size of 5 nm. It can be seen that although the DOF is optimized at
an aperture angle of about 9 mrad (close to the optimal angle for 2D resolution), the vertical
FWHM of the 5 nm particles is over 660 nm. Increasing the aperture size to 17 mrad degrades
the DOF and the potential vertical FWHM for single atoms, but improves the vertical FWHM for
the 5 nm particles to about 400 nm. Note that the position of the maximum intensity is displaced
vertically.

A focal series might also be used together with a tilt series to combine the advantages of both
techniques. This combination has obvious applications in samples where the vertical extent is
greater than the DOF, but more advanced reconstructions may require new algorithms to be
implemented. [9]
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FIG. 1. (a) The vertical DOF for the probe calculated as in [8], and the vertical FWHM for 5 nm
particles calculated by convolution. Analytical estimates for the DOF and the shadowing effect
are shown as lines. (b) Cross-section through the convolution of a 5 nm diameter nanoparticle
with probe generated with a 9 mrad convergence angle. (c) Same with a 17 mrad angle.
Parameters used are for an uncorrected microscope: Cz = 1.3 mm, Cs = 0.15 m, 300k V.
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