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TOWARDS SUB-A RESOLUTION THROUGH INCOHERENT IMAGING 
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As fmt pointed out by Lord Rayleigh a century ago', incoherent imaging offers a substantid resolution 
enhancement compared to coherent imaging, together with freedom from phase contrast interference 
effects and contrast oscillations. In the STEM configuration, with a high angle annular detector to provide 
the transverse incoherence*, the image also shows strong Z-contrast, sufficient in the case of a 300 kV 
STEM to image single Pt and Rh atoms on a y-alumina support3. The annular detector provides 
incoherence by virtue of its large central hole, which is equivalent by Babinet's principle of 
complementarity to a bright field detector of the same size. For weakly scattering specimens, it shows 
greater contrast than the incoherent bright field image, and also facilitates EELS analysis at atomic 
resolution, using thez-contrast image to locate the probe with sub-A precision'. The inner radius of the 
annular detector can be chosen to reduce the transverse coherence length to well below the spacings needed 
to resolve the object, a significant advantage compared to light microscopy. Figure 1 shows Cu <I 12> 
resolved with the 300 kV VG Microscopes HB603U, using a Schener optimum objective aperture of 
semiangle 9.4 mrad, clearly demonstrating the enhanced resolution expected from incoherent imaging. 
Not only are the basic lattice spacings of 2.08 A and 1.27 A resolved, but the Fourier transform shows 
transfer exists out to the { 113) spacing at 1.09 A. Contrast at this spacing is predicted to be 1.4% at 
Schemer defocus of -438 A. Note that only one of the two { 113) spacings is present, indicative of some 
astigmatism or specimen drift. 

With the detector and hole sufficiently large to provide incoherent imaging, dynamical d i w t i o n  effects 
are effectively eliminated; intensity is rearranged on the detector with no net gain or loss, and it is only the 
thickness dependence of the scattering that is changed5. Since the s-type Bloch states are the dominant 
source of high angle scattering, highly lacalised in real space and correspondingly broad in reciprocal 
space, the tilt sensitivity is relatively weak. Figure 2 shows a tilt sequence for GaAs <I lo> showing 
resolution of the dumbbell and the correct sublattice polarity for specimen tilts of -7 mrad. 

The smoothly decaying nature of the incoherent transfer function is the reason for the intuitive nature of 
incoherent images, false detail due to probe tails showing only weak effects in the image. However it does 
result in weak contrast near the resolution limit. Significant improvements in resolution and contrast can 
be anticipated in the future, as higher voltages, better lenses, and aberration correction become available. 
Figure 3 compares the performance of our present instrument (solid line) with that expected for a 400 kV 
microscope with a 0.7- C, objective lens. Now 1 A resolution is achieved, at a contrast level of 596, 
but equally important, the contrast at 1.09 A is increased 7-fold and contrast at 1.27 A is increased almost 
%fold. This increased contrast also implies better resolution and sensitivity for EELS, as less of the probe 
is wasted illuminating neighboring columns. Should aberration correction prove viable even 
are indicated. Reducing the C, of the 400 kV microscope to 0.2mm inreaSes the contrast at 1 almost 5- 
fold for Schemer conditions and extends the resolution to 0.72 A at 5% contrast level. 
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HG. 1.--2contrast image of Cu <112> with Fourier transform showing transfer to 1.09 A. 
HG. 2.--Z-contrast images of GaAs <110, for different sample tilts. 
RG. 3.--Object transfer functions for incoherent imaging under Scherzer optimum conditions. Solid 

line represents our current instrument, dashed lines potential fiim instnune nts. 
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