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Electron diffraction patterns from a Si crystal taken with
a convergent beam of large angular aperture (Kossel pat-
tern) are compared with the diffraction pattern taken with
a hollow cone convergent electron beam. For thin crystals
the patterns are complementary. This behaviour is discussed.

Kossel-Mollenstedt patterns, obtained by using a
convergent electron beam, are useful for studying
the diffraction phenomena of electrons by crystals 1.
The convergent beam usually has an angular diver-
gence of the order of the smallest Bragg angle. A
Kossel-Moéllenstedt pattern obtained from a silicon
crystal with the surface parallel to the (100) plane
is shown in Fig.1**, where the electron energy
was 100 keV. The estimated crystal thickness was
about 2000 A. Although we can see the faint Kikuchi
bands outside the circles of the Bragg reflections
in Fig. 1, the intensity of the elastic scattering is
much stronger than that of the inelastic scattering.

When the beam divergence is made much larger
than the Bragg angle, as shown in Fig.2a, the
circles of the Bragg reflections overlap and we ob-
tain the Kossel pattern?. The Kossel pattern ob-
served from the same part of the specimen as that
for Fig. 1 is shown in Fig. 3 a, where the beam
divergence 2 a was about 6° (G5, =0.55" at 100
keV). Here, the fine-structure observed in Fig. 1
vanishes and a Kikuchi-like pattern appears, al-
though the elastic scattering is still the main con-
tributor to the pattern.

For the study of the relation between the Kossel
and the Kikuchi patterns the circular aperture was
replaced by a ring aperture, and the specimen
was irradiated with a hollow cone beam, as
shown in Figure 2b. The inner angle 2 «a
of the hollow cone was about 7° and the outer
angle 2 f was about 10°. Figure 3b shows the
pattern taken by this method from the same part
of the specimen as that for Figure 3 a. We call this
the “ring pattern”. The part with strong intensity
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on the edge of Fig. 3b is due to the incident beam
and due to electrons scattered elastically. The pat-
tern in the vicinity of the center in Fig. 3 b consists
of electrons scattered inelastically, and is practically
identical to Kikuchi patterns, which are observed
at large scattering angles in the usual way.

Figures 3 a and 3 b show that the contrast of the
Kossel and ring patterns are just reverse. This can
be understood in the following way. In our experi-
mental conditions the observed area at the center
of the diffraction patterns corresponds to an angular
aperture of only a few degrees. We consider a con-
vergent beam with an extremely large aperture, say
2 a=120°. If the crystal is so thin that only the
innermost part of this large cone contributes to the
intensity in the observed area, it can be seen easily
that no contrast should appear in the observed area.
(The intensity distribution over the large angle of
the incident beam is constant. In an area near the
axis of the cone of illumination a modification of
the intensity of the transmitted beam due to dif-
fraction should be compensated by reverse pro-
cesses. This compensation does not occur in the
case of a Kikuchi pattern because of the angular
intensity distribution of the inelastically scattered
electrons.) This effect was already mentioned and
discussed by Menzel-Kopp? in a convergent-heam
experiment. If the 120° cone is separated into the
6° cone and the hollow cone of the remainder, it is
seen at once that the contrast obtained in the ob-
served area by using the 6° cone should be exactly
complementary to that obtained by using the hollow
cone. In our experiment the hollow cone is not
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exactly complementary to the 6° cone, but it ap-
pears to be sufficient to get practically complemen-
tary pictures for a thin crystal as shown in Figs. 3 a
and b.

The contrast of the Kossel pattern does not es-
sentially change when the thickness of the crystal
increases and the inelastic scattering becomes
dominant (Fig. 4 a). In fact, it is well-known that
Kikuchi patterns observed from a thick crystal al-
ways show deficit bands at the center. In this case,
the ring pattern taken by using the same ring aper-
ture as before, shown in Fig. 4 b, is almost the same
as Figure 4 a. According to the above consideration
using the 1207 cone, this indicates that due to the
increase of the angular range of the scattering
intensity with the thickness, which is caused by
multiple inelastic scattering, the outer angle j of
the hollow cone used in this experiment was too
small. If we could use a hollow cone with an outer
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angle 2 f much larger than 10°, we would expect
the ring pattern again to be just complementary to
the Kossel pattern in Figure 4 a. This is, however,
technically very difficult due to the spherical aber-
ration of the focussing lens.

The relation between the Kossel and the Kikuchi
patterns has been applied to the study on electron
channeling and blocking by the present authors and
coworkers *,
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