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3D imaging of layered thin films by TOF neutron reflectivity
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Neutron reflectivity is powerful in studying non-destructively the layered
structures of thin films along the depth. So far, it has given average information
over quite large area, 3 cm x 3 cm or even larger. It is extremely important to
have some spatial resolution because many realistic samples are not uniform and
there have been a lot of unsolved interesting scientific problems in
inhomogeneous system. The present work describes how we can realize 3D
imaging in neutron reflectivity.

The method employed is tomographic reflection imaging [1-3], which is
based on the image reconstruction from a series of experimentally collected
reflection projections. To obtain the intensity profile in each reflection projection
by the ordinary 0D 3He detector, the coded mask [4] was scanned, and
mathematically decoded after the scan. The sample measured is a gold pattern
on a Si substrate ((d) in Fig.1), and all neutron reflection projections were
collected at 0.3° grazing incidence. The raw data, shown in Fig.1(a) and (b), are
neutron reflection projections at two in-plane rotation angles, while the whole
data set for image reconstruction includes 18 such projections. Fig.1(c) shows
the reconstructed image by convolution back-projection algorithm from
projections set integrating reflection intensities in the range of 10 ms - 20 ms,
which corresponds to the Qz range of 0.0136 A - 0.0272 A", where the gold
part has higher reflectivity than the silicon part. It has been found that the
obtained image has some limits caused by the small pixel number, but agrees
well with the expectation from the optical image (Fig.1(e)). By reconstructing
such images at different Qz and plot the reflectivity at each area, the local
thickness and density could be obtained by ordinary reflectivity analysis, thus
3D imaging of thin films is possible, while spatial resolution is 2 mm x 2 mm
(in plane) x 0.1 nm (in depth). To get much higher spatial resolution, further
instrumentation is under way.
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Fig. 1 Time of flight mapping of neutron reflection projection at in-plane angle: (a) 0° and (b) 90 °. (¢)
reconstructed image at Qz range of (0.0136 - 0.0272 A™). (d) 256x256 and (e) 15%15 are optical
images of the sample.
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STXM analyses of micro-structured organic material
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An attempt to visualize metal sites in proteins
by X-ray fluorescence holography
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X-ray refraction contrast imaging method
using a single slit
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A study of local structure of Fe-Ni Invar alloy
by x-ray fluorescence holography
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Observations of dissociation progress inside
methane hydrate pellets with sodium chloride by
phase-contrast X-ray CT
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