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Fig. 1 (Color online) Schematic drawings of (a) X-ray micro-
tomography and (b) X-ray micro-laminography. As an
example of a projection image in X-ray micro-tomography
and laminography, X-ray transmission images of a copper
mesh at the inclination angle of 0 degree (tomography) and
30 degrees (laminography) are shown at the right side of
each schematic drawing. In this case, the copper mesh was
attached at the top of an acrylic pillar.
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Fig. 2 (a) Original image used for simulation. (b) Sectional image
obtained from X-ray tomography. (c) Sectional image ob-
tained from X-ray tomography with incomplete projection
data. (d) Sectional image obtained from X-ray laminogra-
phy. The reconstructed images are perpendicular to the rota-
tional axis.
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Fig. 3 Schematic diagram of the three-dimensional data in Fourier
domain. Two cones along k,-axis represent missing Fourier
data in projection images.
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Fig. 4 (Color online) (a) Coordinate system used in the
laminography measurement. (b) Schematic diagram of the
backprojection procedure in the laminography reconstruc-
tion.
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Fig. 5 (a) Projection image of piled-up copper meshes. Sectional
images of copper meshes (b, ¢) parallel and (d) perpendicu-
lar to the mesh plane.
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Fig. 6 (Color online) Photograph of a sample stage used for the X-
ray micro-laminography measurement. The incident X-ray
beam comes from left to right. The inclination angle of the
rotational axis is represented as ¢. A flat sample set on the
sample stage is a printed board. Inset shows the enlarged im-
age of the sample holder.
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Fig. 7 (Color online) (a) Photograph of a flip-chip test board.
Slice images of solder bumps (b) parallel and (c) perpen-
dicular to the board plane, respectively.
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Fig. 8 (Color online) Microscopic slice images of diatomite powder (a) parallel and (b) perpendicular to the silicon ni-
tride membrane. (c) Line profile of fine structures in the largest diatom located at the center of the image. (d) 3D
view of diatomite powder set on the silicon nitride membrane. Drishti was used as rendering software.
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Three-dimensional structural analysis of laterally
extended objects using X-ray laminography
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Abstract X-ray laminography is a promising technique for measuring the three-dimensional structures in
laterally extended objects without destruction. In X-ray laminography, the rotational axis of the
planar sample is inclined from the direction perpendicular to the optical axis of an X-ray beam. Ac-
cordingly it becomes possible to obtain projection images of the object even if the cross section is
much larger than the effective field of view of the detector. Since the projection images include
the inner structural information of the sample, the sectional image is reconstructed from them.
This imaging technique can be a powerful tool for the non-destructive inspection such as the
three-dimensional visualization of micro-structures in a printed board.
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