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Various methods have been proposed for measuring the distortion in perfect crystals using 
double-crystal methods. The majority of these methods rely on making comparisons between 
double-crystal rocking curve measurements under the spatial extent of an extended x-ray beam. 
Unless the beam is large and parallel (such as at a synchrotron bending magnet), these methods are 
not easily scalable to large crystals (e.g., crystal focusing elements for synchrotron beamlines) due 
to the mechanical inaccuracies inherent in moving the various optical components. We present a 
method based on a scanning source which simplifies the problems in scaling double-crystal methods 
to large optics. In addition, results using this method are presented on a ribless sagittal focusing 
Si(ll1) crystal demonstrating that the anticlastic deviation can be made to be less than 21 s of arc 
over a 1-cm-long section parallel to the sagittal axis. 0 1995American Institute ofPhysics. 

1. INTRODUCTION 

Double crystal x-ray diffractometry has been shown to 
be an extremely useful tool in determining the macroscopic 
strain in semiconductor single crystals (e.g., curvature left 
over from polishing induced strain.'-4 In particular, the abil- 
ity to accurately map the curvature in large single crystals is 
particularly important in developing focusing x-ray optics for 
synchrotron radiaiion (c.g., crystals for sagittal focusing). 
While the width of the x-ray rocking curve is related to mac- 
roscopic strain, the most direct method of measuring the cur- 
vature is by correlating the position of the x-ray single- 
crystal rocking curve at different points along the crystal. 
This can be done either by using ihe fact that two crystals in 
the ( n , - n )  geometry are dispersive if one crystal is bent4 
and the ocher flat or by using topographic techniques with an 
extend parallel beam. In the latter method, one-dimensional 
and two-dimensional detectors are quite useful, and the beam 
can be made extremely parallel and monochromatic by using 
appropriate crystal optics.' However, the expense of multidi- 
mensional x-ray detectors may make these methods imprac- 
tical especially when the high spatial resolution afforded by 
these detectors is not required. Also, topographic methods 
are not easily adaptable to large crystal areas since the dis- 
torted crystal must be translated along the beam and the an- 
gular relation between the reference and test crystal must be 
preserved to sub-arcsecond accuracy. This can be particularly 
problematic if the translated crystal is attached to a heavy 
mechanical mechanism such as a crystal bender which is 
being evaluated for performance considerations. The purpose 
of this work is to present a cost effective, reliable, and stable 
method for mapping x-ray rocking curves that is useful for 
large crystal areas. 

II .  EXPERIMENTS AND RESULTS 

In order to measure the curvature in bent Si(ll1) single 
crystals for focusing, we use an ( n , - n )  double-crystal ar- 
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rangement with the detector and Cu x-ray tube mounted to a 
scanning x-z stage. The experimental arrangement for the. 
scanning source double-crystal goniometer (SSDCG) is 
shown in Fig. 1. A 0.5 mm pinhole is used on the tube so that 
the Si(333) reflection can discriminate between the Ka dou- 
blet. We use a 100-mm-diam, 6-mm-thick float-zone Si(ll1) 
wafer as a reference first crystal set to diffract the Si(333) 
from Cu Ka,. As the x-ray beam is translated, the first crystal 
will diffract that portion of the beam which fits within the 
local x-ray rocking curve. Consequently, the parallelism of 
the beam at different locations as it comes off the first crystal 
is determined by the crystal uniformity and not the parallel- 
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FIG. 1. Schematic of a scanning source double-crystal goniometer. The 
source translates it the y-z plane sweeping over the entire reference crystal. 
The detector holder is mounted to the same translation stages so the detector 
constantly tracks the exit beam. 

@ 1995 American Institute of Physics 
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FIG. 2. Slope along the anticlastic direction of an unribbed Si(ll1) crystal 
of dimensions 51.18X73.46X0.38 mm with monolithic thick supports. 
Crystal was bent to a radius of 2.02 m (data and model). 

ism of the motion of the x-ray tube scanning stages. X-ray 
rocking curves are taken using a tangent drive goniometer 
constructed from a commercial mirror mount system driven 
by ‘linearly encoded inchworms. The goniometer rests on a 
rotary table for coarse manual adjustments. Using the inch- 
worms in the encoded mode, the system provides a step size 
of 0.8 arcsec over a 5 2 ”  range. The system stability is veri- 
fied by plotting the position of the rcxking curve along a flat 
Si(ll1) FZ second crystal and ensuring that there is no 
change in the position of the Si(333j rocking curve while the 
beam is scanned. After verification, a crystal bender along 
with a crystal designed to minimize anticlastic is 
mounted onto the second crystal drive. The test crystal was 
machined out of a single monolithic piece of silicon to create 
a rectangular crystal 51.18X73.46X0.38 mm with thick sup- 
ports. Since the amount of anticlastic curvature is strongly 

dependent on the actual boundary conditions causing h e  
bend, the thick monolithic Supports are used to insure that 
the boundary conditions along the bent portion of the crystal 
are independent of the actual bending mechanism. Figure 2 
shows a plot of the fitted position of the Si(333) r o c k g  
curve along the crystal centerline taken with the SSDCG 
when the crystal is bent to 2.02 m. The model calculation 
was performed with ANSI’s Using “clamped” boundary 
 condition^.'.^ The anticlastic deviation is less than +I  s of 
arc over the central 1-cm-long section parallel to the sagittal 
axis. 

We have presented data @om a scanning source double 
crystal goniometer (SSDCG) that has been used to measme 
the anticlastic curvature on a ribless bent rectangular crystal. 
The results confirm the “golden ratio m e t h ~ d ” ~ * ~  of anticlas- 
tic curvature minimization and demonstrate that practical op- 
tics can be made using this technique. While the crystal 
tested has a deviation less than 51 s of arc over a 1-cm-long 
section parallel to the sagittal axis, a larger effective length is 
achievable by increasing the crystal size while preserving the 
crystal’s aspect ratio. 
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