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4YTO TAKOE 3AIMNPELWLEHHOE OTPAXEHUE
Kpuctannbl Si n Ge MMetoT ABa aToMa B rieMeHTapHOU ayenke,
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X-ray optical schemes capable of producing a highly monochromatic beam with
high angular collimation in both the vertical and horizontal planes have been
evaluated and utilized to study high-resolution diffraction phenomena in the
Renninger (222/113) case of three-beam diffraction in silicon. The effect of the
total reflection of the incident beam into the nearly forbidden reflected beam
was observed for the first time with the maximum 222 reflectivity at the 70%
level. We have demonstrated that the width of the 222 reflection can be varied
many times by tuning the azimuthal angle by only a few urad in the vicinity of
the three-beam diffraction region. This effect, predicted theoretically more than
20 years ago, 1s explained by the enhancement of the 222 scattering amplitude
due to the virtual two-stage 000 — 113 — 222 process which depends on the
azimuthal angle.
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3. Experiment

The experiment was performed at the Cornell High Energy V
Synchrotron Source (CHESS) at the A2 beamline. The X-ray
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The results of high-resolution analysis of the (222, >113) three-beam diffraction
in Ge are presented. For monochromatization and angular collimation of the
incident synchrotron beam a multi-crystal arrangement in a dispersive setup in
both vertical and horizontal planes was used in an attempt to experimentally
approach plane-wave incident conditions. Using this setup, for various azimuthal
angles the polar angular curves which are very close to theoretical computer
simulations for the plane monochromatic wave were measured. The effect of the
strong two-beam 222 diffraction was observed for the first time with the
maximum reflectivity close to 60% even though the total reflection of the
incident beam into a forbidden reflection was not achieved owing to absorption.
The structure factor of the 222 reflection in Ge was experimentally determined.
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Experimental 222 # curve measured at ¢ = =750.5 prad (symbols) and the Figure 5

theoretical diffraction peak calculated for F;, = 1.06 and convoluted with
a (Gaussian function of width (.8 prad (solid line).

Experimental 222 peak intensities (symbols) and the best fit for the 222
(e structure factor F, = 1.05 (solid line). In the inset the angular region
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Figure 6

Comparison of the experimental polar scans (symbols) for the

reflection with computer simulations {solid lines).
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Figure 7
113 The same as in Fig. 6 but for the 222 reflection.
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Paboune maTtepmanbl HOBOro akcnepumeHTa ¢ 222,113 B Si
OyaeT onyonMkoBaHoO NocMepTHO B OyayLleMm
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