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Fig. 1 (Color online) Sketch of the X-ray reflectivity imaging instrument. Storage ring: orbit of Photon Factory; Wig-
gler: vertical wiggler X-ray source; M: fixed-exit monochrometer; Slit: 2D slit [1(H) x 8 mm (V) ]; IC: ionization
chamber, with a horizontal slit [0.05 mm (H) ]; 6 is the grazing incident angle and the exit angle between X-rays
and sample surface. The CCD chip is used to collect an X-ray reflectivity sinogram at a series of in-plane rotation-
al angles ¢s. The sinogram is inputted into the computer to reconstruct an X-ray reflectivity image.
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Fig. 2 (Color online) (a) The sketch of the copper/gold (pat-
tern) /silicon sample, prepared by sputtering gold on silicon
with patterned mask, followed by sputtering uniform copper
layer. The geometry to measure the X-ray reflectivity sino-
gram is also shown on the sketch.

(b) X-ray reflectogram of the sample show in (a). X-ray
energy, 16 keV. The glancing angle is scanned so that the
step of O, becomes 0.003 A~!. The data are plotted in
logarithmic color scale.

(Fig. 2(b) is partly taken from Fig. 2 in the Reference!
with permission.)
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Fig. 3

(Color online) Reconstructed X-ray reflectivity images of
the copper/gold (pattern) /Si sample at different wavevector
transfers. Parameters for image reconstruction: 36 views,
cutoff frequency for Ram-Lak filter: 0.2. (a) Q,=0.024 A-1;
(b) 0.=0.049 A-1; (¢) 0.=0.057 A-1; (d) 0.=0.073 A~ 1;
(e) 0,=0.098 A-1. (f) Optical image of the pattern sample
before coating with copper uniform layer. The image was
trimmed to have the same scale as the reconstructed images.
Scale bar on the top right shows 2 mm.

(Fig. 3 is taken from Fig. 3 in the Reference!> with permis-
sion.)
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Fig. 4

(Color online) Reconstructed X-ray reflectivity images of
the gold (two islands with different thicknesses) /Si sample at
different wavevector transfers. Parameters for image recon-
struction: 72 views, cutoff frequency for Ram-Lak filter: 0.5.
(a) 0,=0.030 A-1; (b) 0,=0.068 A-1; (c) 0.,=0.089 A 1;
(d) 0,=0.110A-1; (e) 0,=0.132A-1. (f) Optical image
of the two island pattern. The image was trimmed to have
the same scale as the reconstructed images. Scale bar on the
top right shows 2 mm.

(Fig. 4 is taken from Fig. 5 in the Reference!® with permis-
sion.)
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Fig. 5 (Color online) X-ray reflectivity sinograms (the upper panel) and corresponding reconstructed images (the lower

panel) of the zirconium (pattern) /copper/gold (pattern) /silicon sample at different wavevector transfers Q:
(a) and (g) 0,=0.0326 A-1; (b) and (h) Q,=0.0457 A-1; (c) and (i) 0,=0.0514 A-1; (d) and (j) Q.=0.0571
A-1; (¢) and (k) Q, = 0.0685 A-1; (f) and (1) Q,=0.0913 A~!. Any image corrections were not attempted to re-
move ring artifacts caused by inhomogeneity of the detector response.

(Fig. 5 is taken from Fig. 4 in the Reference!® with permission.)
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Fig. 6 (Color online) A calculated X-ray reflectivity image to en-
hance the weak contrast pattern (zirconium/copper/gold/
silicon structure) by subtracting the Fig. 5(k) by Fig. 5().
Any image corrections were not attempted to remove ring ar-
tifacts caused by inhomogeneity of the detector response.
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Visualization of buried interfaces: X-ray reflectivi-
ty imaging using image reconstruction
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Jinxing JIANG  National Institute for Materials Science, 1-2-1, Sengen, Tsukuba, Ibaraki 305-0047
Japan

Keiichi HIRANQ Photon Factory, High Energy Accelerator Research Organization, 1-1, Oho, Tsukuba,
Ibaraki 305—-0801 Japan

Abstract A promising novel technique has been developed to visualize buried interfaces in layered thin films
non-destrcutively. The present technique gives real-space X-ray image corresponding to positions
in the sample, by combining the image reconstruction method and X-ray reflectivity, which is ex-
tremely sensitive to the layered structures. It has become possible to obtain X-ray reflectivity pro-
file at each local point in the sample, without the use of micro beam. This article introduces the
latest achievement as well as further research plan for the future.
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