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In this abstract it will be shown that exit waves are very useful in order to obtain
quantitative information on the projected atom column positions and on the composition of
these columns. According to the channelling theory [1], the atom column acts as a channel
for the incoming electrons in which the electrons scatter dynamically without leaving the
column. The exit wave can be expressed analytically in a simple mathematical formula
including only the lowest bound state, the 1s state, of the projected column potential [2]. A
convenient way to visualize channelling theory is by plotting the complex value of the exit
wave for each pixel located at a projected atom column position in a so-called Argand plot
with the x- and y-coordinate corresponding to the real and imaginary value, respectively [3].
For a wedge-shape structure containing different thicknesses, the Argand plot is expected to
yield a circular locus which starts at the origin (for zero thickness) and which has its center
on the x-axis. The radius of the circle is then the amplitude of the scattering wave. As follows
from the channelling theory, this radius should be identical for different atom column types if
the columns are well-separated. The constant increments correspond to extra atoms in the
column, and are different for different atom column types. For lighter atoms, the increment is
smaller. From the plot, one can obtain the number of atoms in the column by counting the
‘blobs’. More details about visualizing the structure information in exit wave from the
Argand plot can be found in [4].

Ideally, the exit wave is the wave at the plane where the electron wave just leaves the
atom columns. However, there is no such flat plane due to surface roughness (addition or
deficiency of atoms comparing with neighboring columns). Practically, the exit wave can
only be reconstructed in a plane which is close to the exit plane. However, there remains a
gap between this plane and each atom column, which is different for every column. In other
words, the defocus value for each atom column is different. In order to determine the defocus
of each column, the exit wave of a particular column is defocused in the computer. This leads
to an extra circular curve in the Argand plot, which we call the “defocus circle”, as shown in
Fig. 1(a). This curve may provide a simple method to determine the defocus of each column.
In Fig. 1(b) it is shown that the defocus circles for atom columns containing different number
of atoms pass through a common point. This reference wave point is common for all columns
and corresponds to the entrance wave, ideally (1,0). Once the common point is known, a
straight line from this point through the center of the defocus circle will intercept at zero
defocus. The distance between the point of the column exit wave to this zero defocus point
determines the defocus value of the atom column. Fig. 2(a) shows the defocus map for a top-
flat wedge-shape structure with columns including 1 to 5 Au atoms. The simulated exit wave
is taken at the plane where the electron wave leaves all atom columns, which is at the exit
plane of the columns with 5 atoms. It is also clearly shown in Fig. 2(b) that the defocus
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circles cross a common point. Note that this common point may be shifted in the presence of
a background intensity caused by inelastic diffuse scattering.

The above theories and predictions are recently carried out on an experimental case: a
Au[110] bridge structure. The exit wave is reconstructed from a focal-series of high
resolution images taken at the TEAM (Transmission Electron Aberration-corrected
Microscope). Fig. 3(a) shows the amplitude and phase of the reconstructed exit wave and (b)
shows the Argand plot of all the columns. The blobs corresponding to the number of atoms in
the columns are not yet clearly seen. This is partly due to the defocusing effect described
before. However, correcting for this effect is not yet possible due to the presence of a varying
background. Further analyses are in process to subtract this background correctly.
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Figure 1. (a) Simulation of the defocus effect (from -150 A to 150A), which gives an extra
defocus circle (b) for each thickness on the Argand plot.
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Figure 2. (a) The defocus map (Af in A) for a simulated top-flat wedge-shape structure (side

view shown in the insert). (b) The defocus circles for each column. The circles pass through a
common point.

(a) (b)
Figure 3. (a) Amplitude (top) and phase of the experiment Au[110] exit wave. (b) The
Argand plot for each column.
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