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Strategic International Collaborative Research Program (SICORP)
Japan—German Joint Research Program
Executive Summary of Final Report

1. Projecttitle : IDevelopment of hyper-resolution X-ray phase imaging |
2. Research period : 10/2018 ~ 03/2022
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Atsushi Momose | Professor Institute of project
Multidisciplinary proposal and
Research for management,
Advanced Materials, | apparatus
Tohoku University development
Co-PI Hiroki Chief Hamamatsu X-ray source
Kawakami Photonics K. K. development
Collaborator | Yanlin Wu Assistant Institute of apparatus
Professor Multidisciplinary development
Research for
Advanced Materials,
Tohoku University
Collaborator | Ryosuke Ueda Assistant Institute of software
Professor Multidisciplinary development
Research for
Advanced Materials,
Tohoku University
Collaborator | Katsumasa Postdoctoral | Institute of apparatus
Ikematsu Fellow Multidisciplinary development,
Research for experiment
Advanced Materials,
Tohoku University
Collaborator | Tomoyuki Group Hamamatsu X-ray source
Okada leader Photonics K. K. development

Total number of participants throughout the research period:

15

Partner-side

Name Title Affiliation Role in the
research
project
Pl Jirgen Mohr Senior Institute of Project
(until Aug. scientist | microstructure proposal and
2019) technology, management
Karlsruhe Institute of
Technology
Pl Martin Borner Senior Institute of Project
(since Sep. scientist microstructure management
2019) technology,
Karlsruhe Institute of
Technology
Co-PI Joachim Schulz Managing | microworks GmbH Technology
director Transfer
Coordinator
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Collaborator Pascal Meyer Senior Institute of Fabrication and
scientist microstructure experimental
technology, characterization
Karlsruhe Institute of
Technology
Collaborator Pouria Zangi PhD Institute of Fabrication,
student microstructure simulation and
technology, experimental
Karlsruhe Institute of | characterization
Technology
Collaborator Otto Markus Engineer | microworks GmbH Manufacturing
of gratings

Total number of participants throughout the research period: 18

4. Summary of the international joint research

X-ray phase imaging is effective for objects consisting of light elements (polymer
materials, biological soft tissues, etc.), which cannot generate sufficient contrast in
conventional X-ray imaging. The spatial resolution of grating-based X-ray phase imaging is
limited by the periods of gratings (several microns). This international collaboration
combining the X-ray phase imaging technology on the Japanese side and the
microfabrication technology for X-ray optical elements on the German side was conducted
to develop a laboratory-based apparatus of super-resolution X-ray phase imaging and
overcome the spatial resolution limit. Based on the proposal of the optical configuration and
the basic design of optical elements by the Japanese side, the German side developed
X-ray triangular phase gratings by X-ray lithography. The triangular phase grating generates
an X-ray needle beam array by illuminating spherical-wave X-rays from a microfocus X-ray
source. A sample is hit by the needle beams, and a differential phase image of the sample
was obtained by analyzing the deformation of the needle beam array by scanning an
amplitude grating placed downstream. Furthermore, this measurement was repeated by
synchronizing the sub-period stepwise displacement of the sample, and a super-resolution
differential phase images was constructed. The proof-of-concept of super-resolution X-ray
phase imaging was demonstrated by observing a polymer test sample.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

The spatial resolution limit of the X-ray phase imaging by a Talbot interferometer
consisting of X-ray transmission gratings is limited by the period of the gratings, the practical
value of the spatial resolution is around 10 um. As an approach for overcoming this limit, we
proposed and realized super-resolution X-ray phase imaging. To ensure phase sensitivity, it
is needed to keep a certain distance between a sample and an image detector, unlike
conventional X-ray imaging. To realize super-resolution imaging under this configuration, an
optical alignment using a triangular phase grating (Fig. 1) was designed under non-Talbot
condition (or without causing self-imaging effect), and the development of the gratings and
imaging system was conducted. The triangular phase grating generates an array of X-ray
needle beams by illuminating spherical-wave X-rays from a microfocus X-ray source. The

Amplitude grating

Triangular
phase grating
X-ray source ;

Image detector

Sample

Fig.1 Setup of super-resolution X-ray phase imaging (left) and triangular phase
grating (inclined rectangular phase grating) (right).
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needle beam array passing through a sample is modulated by refraction, scattering, and
absorption by the sample. A moiré pattern is observed by recording the needle beam array
through an amplitude grating placed downstream and in front of an X-ray image detector. By
applying the fringe-scanning method, a differential phase image is generated. This
measurement is repeated by synchronizing the sub-period stepwise displacement of the
sample against the needle beams, data set for constructing a super-resolution differential
phase image is obtained.

The German side fabricated the triangular phase grating by X-ray lithography. Concretely,
as shown in Fig. 1, an inclined rectangular grating was fabricated; a triangular phase-shift
profile is realized by introducing X-rays along the diagonal line of the inclined rectangle.
Super-resolution X-ray phase imaging was demonstrated by using a triangular phase
grating with a period of 8 um.

5-2 Synergistic effects of the joint research

In addition to the triangular phase grating, our research scope extended to the
development of new gratings for more advanced super-resolution X-ray phase imaging. For
instance, the use of parabola phase gratings is considered to improve the achievable spatial
resolution. Secondly, in the present work, the super-resolution effect was demonstrated in
one direction only. We should aim at two-directional phase sensitivity and super-resolution
effect, and for this purpose, the development of pyramid phase gratings and/or rotary
paraboloid phase gratings has been started. Thanks to this international collaboration, we
could find this research direction and initiate preliminary study, which had not been put into
practice by each only.

5-3 Scientific, industrial or societal impacts/effects of the outputs

For the practical application of the super-resolution X-ray phase imaging demonstrated in
this work, problems are remained to be solved in stabilizing the imaging system, shortening
scan time, surveying application cases, and so forth. For this purpose, the both sides agree
with keeping collaboration relationship, and we expect that the discussion on technology
transfer can be initiated after raising the super-resolution X-ray phase imaging to a level
closer to practical use.
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