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U O O Genealogy of X-ray diffraction theories is reviewed. Furthermore, a Takagi-
Taupin-type X-ray n-beam dynamical diffraction theory the author has recently
derived, is described. The status of the new theory with regard to the phase problem
of the X-ray crystal structure analysis is also mentioned. The new theory is written
with only one partial differentiation equation supposing that suffixes are taken in 2n
ways. The new theory has been verified by a synchrotron radiation pinhole topograph
experiment whose results were excellent agreements with images computer-simulated
based on the new theroy. Simple relations described by Fourier transform between
Ewald-Laue dynamical theory and Takagi-Taupin equations and between the
conventional n-beam theories and the present n-beam theory, are also mentioned.

[Key words] X-ray diffraction theory, X-ray crystal structure analysis, Dynamical
theory, Phase problem, n-beam case, Simultaneous reflection, Computer simulation,

Takagi-Taupin equations
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K. Okitsu: Acta Cryst. A59, 235-244 (2003).

Fig.200 Geometrical relation between s, and e, where i 0 {0, 1,... ,n0 1}. Here, n =6,
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K. Okitsu: Acta Cryst. AS9, 235-244 (2003).
Fig.30] To solve eq. (35) or eq. (37), the crystal has to be divided into n-angular pyramids whose height is
suffciently small compared with the extinction length of foreword diffraction *®. 7= 6 in this case.
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Fig.40 Geometrical relation of unit vectors e;, e, and e/”, e/ **.
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Fig.500 Experimental arrangement of the six-beam pinhole topography *.
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K. Okilsu, Y. Imal, Y. Ugji & Y. Yoda: Acta Cryst. AS9, 311-316 (2003).

Fig.6J] Experimental six-beam pinhole topograph obtained at BLO9XU of SPring-8 with incidence
of horizontally (in the direction of horizontal direction of this figure) polarized X-rays.
Pinhole size was 0.1 mm x 0.1 mm. Photon energy was 18.5 keV. Exposure time was 30 sec”.
Figs.7 [Eh(2)](z T {a, b, c, d, e, f}) are enlargements of this figure.
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K. Okitsu, Y. Imai, Y. Ucji & Y. Yoda: Acta Cryst. A59, 311-316 (2003).

[Sv(N)]

Fig.700 Experimental and computer-simulated pinhole topographs. [X y(z)] where X O {S, E}, y [J
{h,v}andz O {a, b, c,d,e,f}. Here, {S, E} means Simulated and Experimental topographs.
{h, v} means incidence of horizontally and vertically polarized X-rays. {a, b, c, d, e, f} means
000,440,484,088, 448 and 404 reflections *.
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Fig.80] A figure showing the dispersion surfaces in the vicinity of Laue point La and Lorentz point
Lo. Lines AD and BC which cross with each other at Laue point La are trajectory of points
whose distances from reciprocal lattice points O and H, are the wave number of incident X-
rays K. P,F and P,G which cross with each other at Lorentz point Lo are trajectory of points
whose distances from reciprocal lattice points O and H, are K(1 + y,K/2) where y,, is the zero-
th order Fourier coefficient of the electric susceptibility of the crystal. Dispersion surfaces
described by eq.(46) are hyperbolic curves whose asymptotes are lines P, F and P,G. When
X-rays, of which the starting and terminal points of wave vector are N, and O, respectively,
are incident on the crystal, X-rays propagating in the crystal whose wave vectors are %
and m where x 0 {1,2} and /0 {0, rt}, are excited by a vector NH—N: normal to the
entrance surface of the crystal. The above consideration is based on the continuum condition
of the wavefront.
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Stacking Fault
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Fig.9U Calculated section topograph images of X-rays Bragg-reflected by a silicon crystal with a
thickness of 0.15 mm which includes a stacking fault, (@): an image calculated from the
analytical solution by Kato, Usami & Katagawa®, (b): an image calculated using the Takagi-
Taupin equations. Both (a) and (b) were obtained under an assumption that only o polarized
X-rays with wavelength of 1.5 A whose beam dimensions were infinitesimal width and height
of 4,45, are Bragg-reflected by 2 2 0 reflection with a symmetric Laue geometry. Lattice
displacement vector ug; at the stacking fault plane (see Fig.10) was assumed to be (a+b+c¢)/3
where a, b and ¢ are fundamental translation vectors of silicon crystal.
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Fig.10 Experimental arrangement assumed when Figs.9(a) and 9(b) were calculated. Points 4,, 45,
B,, By and C on the exit surface of the crystal correspond to those shown in Figs.9(a) and 9(b).
The stacking fault plane is triangle 4,CB,.
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Fig.11 A schematic drawing of a stacking fault.
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Fig.12 A schematic drawing of arbitrarily polarized X-ray generating system which can transform the
incident horizontally polarized synchrotron X-rays to arbitrarily polarized X-rays. Angular
deviations from the Bragg condition of four diamond X-ray phase-retarder crystals giving
1 1 1 reflection in an asymmetric Laue geometry, were controlled so that o -t phase shifts
caused by the four diamond crystals were adjusted to generate left- and right-screwed circular
polarizations, vertical polarization and elliptical polarization with an arbitrary ellipticity.
Direction of major axis of elliptical polarization can be controlled by rotating the y circle.
This apparatus was designed based on the four-quadrant X-ray phase-retarder system 67
which can generate left- and right-screwed circular polarizations, vertical polarization and elliptical
polarization whose major axis is horizontal or vertical, with high degree of polarization caused
by the aberration-compensating effect of the four-quadrant X-ray phase-retarder system %7,
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Fig.13 Experimental arrangements around the sample crystal. Difference of (b) from (a) is only 90°
rotation around the transmitted beam axis (y axis). Many different pinhole topograph images have
been obtained with the arrangement (a) and (b) with the incidence of arbitrary polarized X-rays
generated by the apparatus shown in Fig.12 and they are all in excellent agreements with computer-
simulated topographs under the assumption of the incidence of corresponding polarization states.
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Fig.14 Pinhole topograph images obtained with the experimental arrangement shown in Fig.13(b)
with an incidence of left-screwed circular polarization generated by the apparatus shown in
Fig.12. Photon energy was 18.245 keV. Dimension of the incident X-ray beam was 25 um x
25 um. Exposure time was 900 sec.

128 ooooooo 36



go0o0oo0O00o0000O000O000000-Tapin0000O00OOODCOOODOOOCODOODODO

10 mm

Polarization

¥

000 [Sl(a)]

Fig.15

Six-beam pinhole topographs
obtained by an experiment and
computer simulations. [X/(y)]
where X U {£,S} and y [ {a,
b, ¢, d}, corresponds to pinhole
topograph images obtained by
Experiment or Simulation with
incident X-rays with left-
screwed circular polarization.
y U {a, b, ¢, d} corresponds to
000-,440-,484-and 0 8 8-
reflected X-rays, respectively.
Figures in the left column are
enlargements of Fig.14. Figures in
the right column were computer-
simulated images by dividing
the silicon sample crystal of 0.96
mm thickness into 2000 layers.
The simulation was performed
layer by layer by solving (107).
The experimental and computer-
simulated topographs are in
excellent agreements in detail.
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