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Fig. 1 Schematic view of source, elliptical mirror, and slit arrange-
ment in the present simulation. x and z correspond to the
horizontal and vertical directions, respectively.
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Fig. 2 Photon density profiles of x rays focused by first and second

mirrors in Table 1, which are calculated one dimensionally in

the vertical and horizontal directions when cross-slit sizes are
10, 50, 80, and 120 um in arrangement drawn in Fig. 1.
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Fig. 3 Double-slit interval dependence of visibility calculated in the
vertical and horizontal directions. The center of the double
slit is on the optical axis.
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Table 1 Parameter of designed elliptical mirrors

First mirror  Second mirror

Maximum glancing angle (mrad) 1.30 1.05
Acceptance width (mm) 113 90
Focal length (mm) 600 495
Length of major axis (m) 48.600 48.600
Length of minor axis (mm) 6.708 4.880

Fig. 4 Appearance of elliptical mirrors fabricated by EEM tech-
nique.

Fig. 5 Appearance of coherent x-ray diffraction microscope with
KB mirrors at BL29XUL in SPring-8.
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Fig. 6 (a) Experimental setup for coherent x-ray diffraction pattern
measurements of silver nanocube using x rays focused by KB
mirrors. The nanocube was placed at the center of the beam
waist. (b) Intensity distribution profile along vertical and
horizontal directions of the focused beam. The profile was
derived by differentiating the x-ray absorption distribution
of the gold wires at 250 nm intervals. (¢) SEM image of sil-
ver nanocubes.
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Fig. 7 (a) Coherent diffraction pattern of silver nanocube in 1251
% 1251 pixels. g is defined as g=2sin (©/2) /A, where O is
the scattering angle and A is the x-ray wavelength. (b) Ex-
panded image of the area inside the square in (a). (c) g de-
pendence, along the white line indicated in (a), of photon
numbers detected at one pixel of the CCD detector for the
high-q diffraction measurement.
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Fig. 8 (a) Projection image of the sliver nanocube reconstructed
from the diffraction pattern in Fig. 7(a) in which a line scan
through an edge shown in the inset demonstrates the resolu-
tion of ~3 nm. The reconstructed image is normalized by
the maximum value of image intensities and is displayed in
gray scale. (b) Phase retrieval transfer function (PRTF) for
the reconstructed image of (a). The half-period resolution
of the image of (a) is 3.0 nm, where the PRTF drops to a
value of 1/e. (c) SEM image of the silver nanocube.
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Development of high-resolution diffraction
microscopy using focused hard X-ray beam
and a perspective

Yukio TAKAHASHI Frontier Research Center, Graduate School of Engineering, Osaka University,
2-1-1 Yamada-oka, Suita 565-0862, Japan

Abstract X-ray diffraction microscopy is a lensless x-ray microscopy combining coherent X-ray scattering
and phase retrieval calculation, allowing to visualize the electron density distribution of thick objects with a
high spatial resolution because of its high penetration power and short wavelength. In this study, we deve-
loped the high-resolution diffraction microscope using hard X-rays focused by total reflection mirrors, and real-
ized a 3 nm spatial resolution in the demonstration experiment using the silver nanocube as a sample. By using
X-ray free electron lasers, ultimate x-ray diffraction microscopy will realize by using focused hard X-ray free
electron lasers.
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