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Fig. 1 Experimental setup of the hard X-ray nano-interferometer
constructed at Hyogo-ID (BL24XU) of SPring-8. The pho-
ton energy used was 8 keV. A 125-um-thick polyimide film
was used as the rotatable phase plate and arranged in the
path of object waves.

Annular zone plate

(AZP)

Objective zone plate

Fig. 2 Schematic diagrams of the AZP and OZP. These are made
of tantalum and fabricated by NTT Advanced Technology
Corporation. The AZP has no zone in the inner region up to
the same size of the outer diameter of the OZP.
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Table 1 Parameters of AZP and OZP

AZP OZP
Outer diameter 330 um 180 um
Outermost zone width (Ary) 50 nm 50 nm
Focal length @8 keV 106.4 mm 58.1 mm
Tantalum thickness 0.51 um 0.8 um
Ideal diffractive efficiency @8 keV 6.26% 13.6%
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Fig. 3 Interference patterns formed by the nano-interferometer.
The fringe period and fringe direction can be varied by
slightly aligning the AZP perpendicularly to the optical axis.
A fringeless pattern can be obtained when their focal posi-
tions are identical.
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Fig. 4 X-ray micrographs of the tip of the glass capillary: (a)-(d)
Interference patterns with 0, /2, 7, 37/2 phase shift of ob-
ject waves, respectively. (e) Phase shift image by using 4-
step fringe scan. (f) Line profile of Fig. 4(e). The measured
line well agreed with the calculated line.
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Fig. 5 X-ray micrographs of polystyrene micro-particles: (a)—(d)
Interference patterns with 0, /2, n, 37/2 phase shift of ob-
ject waves, respectively. (e) Phase shift image by using 4-
step fringe scan. The sample was clearly observed. (f) Ab-
sorption contrast image. The sample was hardly observed.
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Fig. 6 X-ray micrographs of Siemens star pattern. (a) Phase shift
image by using 4-step fringe scan. (b) Enlarged view of cen-
ter of the pattern. The 50 nm line & space were resolved. (c),
(d) Design of the Siemens star pattern.
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Fig. 7 Phase tomography of a polymer microfiber with the addition
of titania nano-particles. In order to make the inner structure
visible, polymer component was made translucent by render-
ing software. The distribution of titania nano-particles was
observed clearly.
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Fig. 8 Phase tomography of a diatom. (a)—(c) Three-dimensional
rendering image. (d)—(i) Tomographic slices parallel to the
line A in Fig. 8(b).
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Hard X-ray nano-interferometer and its application
to high-spatial-resolution phase tomography

Takahisa KOYAMA Graduate School of Material Science, University of Hyogo,
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Hidekazu TAKANO Graduate School of Material Science, University of Hyogo,
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Yasushi KAGOSHIMA Graduate School of Material Science, University of Hyogo,
3-2-1 Kouto, Kamigori, Ako, Hyogo 678-1297, Japan

Abstract A hard X-ray nano-interferometer using two types of zone plate has been developed. One is an or-
dinary zone plate for a microscope objective, and the other is a newly designed zone plate called “‘annular zone
plate’’ for configuring reference waves. We have succeeded in producing interference fringes with the variable
periods up to fringeless pattern. The phase-shift distribution of polystyrene micro-particles could be imaged
clearly with the phase sensitivity of /40 at the photon energy of 8 keV. As a result of observing the test-
chart, 50 nm line & space pattern was resolved. Furthermore, this interferometer was applied to phase
tomography for high-spatial-resolution three-dimensional observation. As the practical applications, some
results are presented.

296 © #Et Sept. 2007 Vol.20 No.5



