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Channeling is the tendency of an incident beam of charged particles to penetrate deeper along the
orientations of crystallographic planes with lower potential energies. The incident beam can be composed
of electrons or ions, but these are expected to behave differently because of the different signs of charge
and masses [1]. The channeling effect is known to be one of the main causes of image contrast in
electron/ion microscopy. Typically, channeling contrast imaging (CCI) is performed using a scanning
electron microscope equipped with a backscatter electron detector and/or forescattered electron detector,
and they are used for the visualization of surface and subsurface defects in semiconductors and metals
[2,3]. When the particles interact with the matter, secondary electrons (SEs) are also generated. However,
those SEs created by the deeply penetrated channeling particles are not likely to reach the surface and be
detected by a standard secondary electron detector (SED), therefore the area that matches the channeling
condition appears darker. Alternatively, in the area that does not align well with the channeling orientation,
SEs are generated near the surface resulting in the brighter contrast [4]. The variation of contrast could be
used to determine crystal orientations [5].

In this study, 3C-SiC thin films with twin structures associated with double positioning boundaries, grown
on (0001) 6H-SiC substrates, were used because this material was proven to be applicable for both
electron/ion CCI-SED techniques [6]. The twin structures were found to be extremely useful to evaluate
CCI since the difference in grayscale medians between the type I and II regions could be used as the
parameter to quantify the channeling effect instead of the signal contrast itself, which was difficult [7].
The typical geometry of the experimental setup in Figure 1 and the stereographic projection of a 3C-SiC
crystal on (111) in Figure 2 are shown. Briefly, the sample was mounted flat on a stub, and rotated so that
one of the twin boundaries became parallel to the horizontal scanning direction. This rotation was set to
be R=0° in Figure 2. Then, the stage was tilted and SE images were recorded. When the channeling effect
occurs, the type I and type II areas should have different contrast. The overall flow of image analysis is
explained in Figure 3. After the images were collected, the tilt correction was required, and the 256-level
grayscale distribution was obtained. If the separation in grayscale between the two types was large enough,
two peaks would show up in the grayscale distribution. However, those often overlap, so small area
analysis might be required as an additional step.

Figure 4 shows the result of the ECCI-SED analysis when the stage tilt was changed with the fixed rotation
of R=0° (tilting along with the red arrow in Figure 2) and R=180° (the blue arrow in Figure 2). The
grayscale median difference has the maximum (R=0°) and minimum (R=180°) at the tilt angle of 35°,
which corresponds to the <011> direction. ICCI-SED also demonstrated the maximum grayscale
difference, more than 100 in the grayscale, with the tilt angle of 35° from the incident ion beam. When
the stage was rotated by 180°, the inversion of the contrast was observed. This was expected because these
two regions in this twin structure are identical except for being rotated by 60° and the the <I11> has a
three-fold symmetry as shown in Figure 2. It is worth noting that ICCI could provide much larger grayscale
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difference than ECCI, and that screw dislocations were easily detectable with ICCI. However, the ion
beam was more damaging on the samples, and this was one of the disadvantages.

Conclusion: The CCI techniques were applied on the 3C-SiC with the twin structure, and using this
material found to be convenient in improving the grayscale image analysis.
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Figure 3. The flow of grayscale image analysis Figure 4. The ECCI-SED results. (5 kV, 98 pA)
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