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Abstract
Large-area (25 mm X 20 mm) phase-contrast X-ray imaging was attained using a skew-symmetric two-crystal X-ray in-
terferometer. Sub-nrad angular control was achieved to operate the X-ray interferometer with a sleeve bearing and a feed-
back system. As a demonstration, measurements of a phase map of a rat’s liver and a phase-contrast tomographic three-
dimensional image of a piece of a rabbit’s liver were performed at the Photon Factory using 0.07-nm synchrotron radia-

tion X-rays.
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Figure 1.
around two axes (z and y) needs to be controlled.
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(a) A monolithic LLL interferometer and (b) a skew-symmetric two-crystal interferometer; only rotation

Figure 2. A schematic view of the positioning system for the skew-
symmetric two-crystal X-ray interferometer. The S2 and tilt tables
control the 6 and p rotation of the crystal blocks relative to each
other. The S1 table carrying the S2 and tilt tables controls the inci-
dent angle of X-ray.
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Table 1. Specifications of rotating tables
. Min.
Driving device R;);Ialtlgn incremental
& motion
Coarse adjustment | Stepping motor | =2 deg 0.1 urad

mechanism of S2 (0.02 arcsec)

Fine adjustment PZT +35 urad 0.07 nrad
mechanism of S2 (£7 arcsec)
Adjustment Stepping motor | =2 deg 0.3 urad

mechanism of S1 (0.06 arcsec)

4 urad

Stepping motor | =2 deg
(0.8 arcsec)

Adjustment
mechanism of Tilt
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Second crystal blodk

Figure 3. A schematic view of the feedback system. The interfer-
ence pattern was detected by the CCD-based image detector. The PC
calculated the output voltage applied to the PZT by the difference of
locations between the detected interference fringes and the original
interference fringes.
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Figure 4. A 25 mm xX20 mm interference pattern obtained with
17.7-keV X-rays. The fringe visibility was 45% , which was sufficient-
ly high for imaging. The fringes were caused by unevenness of the
lattice spacing of the crystal.
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Figure 5. Chart over time of the phase fluctuation 4@ and of the
voltage applied to the PZT of the S2 table. The voltage was con-
trolled to keep A® at 0 with this system.
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Figure 6. A 13 mm X 11 mm phase map obtained for a slice of a
rat’s liver by using the fringe scanning method with 5 steps. Blood
vessels with a diameter of about 50 um were visible in the liver.

Figure 7. A three-dimensional image of a columnar piece of liver
from a rabbit with VX2 cancer. The diameter of the sample was 10
mm, and its height was 5 mm. The green region corresponded to
cancer tissues and the red region corresponded to normal tissues
were depicted clearly.
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