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Fig. 1 (Color online) Schematic of X-ray ptychography. Coherent
X-ray beam is scanned across the sample. Phase and ampli-
tude images are reconstructed from the diffraction patterns
by phase retrieval calculation.
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Fig. 2 (Color online) (a) Phase images of the test pattern recon-
structed using the ePIE algorithm and the mixed-state ePIE
algorithm. (b) Phase and amplitude images of probe modes
reconstructed using the mixed-state ePIE algorithm.
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Fig. 3 (Color online) (a) Schematic view of experimental setup of
darkfield X-ray ptychography. The sample and the cylindri-
cal object are placed at the focus point and a few hundred
micrometer upstream from the sample, respectively. A
beamstop is positioned immediately before the CCD detec-
tor. (b)Phase images of the test patterns (left) and the mag-
netotactic bacteria MO-1 (right).
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Fig. 4 (Color online) (a) Schematic of the precession X-ray pty-
chography experiment. The incident X-ray angle was con-
trolled by adjusting a two-axis rotational stage, where ¢ and
w are the horizontal and vertical tilt angles, respectively.
Ptychographic diffraction pattern data set were collected at
(¢, w)=(0°,0%, (1°,0°, (—1°,0°, (0° 1°),and (0°,
—1°). (b) Phase images of the test sample reconstructed
from ptychographic diffraction patterns recorded at five inci-
dent angles.
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Fig. 5 (Color online) (a) Amplitude image reconstructed at 6.554
keV. (b) Near-edge XAFS spectrum of the sample measured
in transmittance geometry using a focused X-ray beam
(top) . Near-edge XAFS spectra reconstructed by X-ray pty-
chography without (left) and with (right) using the KKR
constraint. The spectra were extracted from the 40 X 40 nm?
regions (2 %2 pixels) indicated by the arrows in (a).
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D6 2 B TE RICIEE > Tk, 4%, H
R TSI N5 R SERERE T, CXDIICHE L 7z
A A=V TE—=LNFGAVRRBIND Z L2 MfFL -
W, ZI T, CTICAS3RIEA A=V VTR - 1k
A A= THE e BRE L 7ok 2 7R O J ) R v
REMEMT AMT DO, B e W BRI A b RE OB & 38
DAREDBRINSTHS D,

HiEE

A BES HICH72D, KERKFRERE LA O
R TRHE KL TR RICTHOAV 2, B5=A
DRV EHRL BT S,
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Frontier of fine structure visualization by X-ray

ptychography

Yukio TAKAHASHI

Department of Engineering, Graduate School of Osaka University, Yamada-oka,
Suita, Osaka, 565-0871, Japan
RIKEN SPring—8 Center, Kouto, Sayo-cho, Sayo, Hyogo, 679-5148, Japan

Abstract X-ray ptychography, which is a scanning imaging technique using coherent X-rays, can visualize
nanoscale structures of extended objects. Since the first demonstration of X-ray ptychography
based on phase retrieval calculation in 2007, its measurement and analytical techniques have
been dramatically progressed. Especially, three-dimensional imaging techniques using computed
tomography and magnetic/chemical imaging techniques in combination with spectroscopy are
remarkably developed. X-ray ptychography will become one of the main X-ray imaging tech-
niques in the next-generation synchrotron facilities.
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