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Figure 1. Schematic view of x-ray lattice-spacing comparators. a)
one x-ray source with a crystal beam spliter, b) two x-ray sources
configuration.
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Figure 2. Principle of self-reference lattice-spacing comparator
(top) and an example of experimental results (bottom). Bragg angle
of diffraction lattice can be determined high-precisely and quickly,
because the interval of two diffraction peaks is only a few arcsec. In-
tensity of 1 pA corresponds to about 2.3 X 103 photons/s. (It is the
also same at other Figures)
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Figure 3. Two design of dispersive monolithic crystal monochro-
mator. a) two succeeding (+, +) diffractions type, b) four suc-
ceeding (+, —; —, +) diffractions type. Yawing, pitching and roll-
ing of the MDCM correspond to the angular movements of the
MDCM in the horizontal plane, in the diffraction plane and rotation
with axis of the incident beam respectively.
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Figure 4. Cumulative frequency versus their wavelength of disper-

sive monolithic crystal monochromators those can be composed in a
silicon crystal.
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Figure 5. Rocking curves of the first diffraction of an MDCM

(left), and its throughput (right). 100 motor steps correspond to 1
arcsec.
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Relative central wavelength shift versus MDCM yawing variations.
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Figure 7. (a) Rocking curve of MDCM (6 2 4 & 2 6 4). The
wavelength measurement was carried out with an analyzer located
downstream of the MDCM. (b) Relative central wavelength shift
versus DMCM pitching variations. The left axis is y, which is ob-
tained directly from the experiment; the right axis is peak intensity

of the analyzer. 1 arcsec in pitching variation leads 1.8 X 108 rela-
tive wavelength shift.
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Figure 8. Two profiles of 6 2 4 & 2 6 4 index in the comparator
versus angular variations of the MDCM. (a) at an angular position
of pitching= — 1.4 arcsec, (b) at an angular position of pitching =
0.0 arcsec, (c) at an angular position of pitching= +1.4 arcsec.
Height and width of two profiles alternated with the angular position
changed cross the 0.0 arcsec point, where the interval of two peaks
varied in the order of 108.
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sample. (b) d-spacing along a diameter of the sample FZ silicon
plotted by y angle and Aay/a, units.
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Abstract

A novel lattice spacing measurement using a high-resolution self-reference d-spacing comparator has been
described. Self selection of monochromatic synchrotron x-rays by a monolithic double channel-cut-crystal
monochromator (MDCM) comprising silicon 2,6,4 and 6,2,4 reflections may lead to a stable, highly-collimated
and narrow bandwidth beam. Also if utilizing 2,6,4 and 6,2,4 Bragg planes of a silicon sample, the interval be-
tween two associated Bragg peaks for the X-rays with wavelength of 0.13438 nm can be extremely small, so that
the diffraction angle can be determined with high precision and the traveling time from one peak to the other can be
marvelously reduced by the order of at least three compared to the established classical methods such as the Bond
method. Thus this so-called self-reference comparator method can dramatically save measurement time and pro-
vide an absolute measurement on the basis of the x-ray wavelength of the MDCM, therefore a lattice spacing
measurement with uncertainty of 10-8, for the 1 mm?2 area on a silicon crystal within measurement time of a few
ten seconds and has been achieved.
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