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Abstract. Synchrotron-radiation computed laminography (SRCL) was developed as a
nondestructive three-dimensional (3D) imaging technique for flat and laterally extended objects.
Complementing the established method of computed tomography, SRCL is based on the
inclination of the tomographic axis with respect to the incident x-ray beam by a defined angle.
Its ability for 3D imaging of regions of interest in flat specimens was demonstrated in various
fields of investigation, e.g. in nondestructive testing, material science and life sciences. We
introduce the principles of the method and report on the latest developments of SRCL. The
experimental set-ups at the ESRF beamlines ID19 and ID22NI are dedicated to 3D micro- and
nano-scale imaging, respectively, utilising different contrast modes including absorption, phase
contrast and fluorescence. Selected examples from materials science outline the potential of the
method for an unparalleled nondestructive 3D characterisation of flat specimens.

1. Introduction

Despite numerous publications which have appeared in several research fields, laminographic
imaging using synchrotron radiation (SR) can still be considered as a relatively new technique,
at least if one compares the situation to the now well established technique of computed
tomography (CT) [1, 2]. First publications on synchrotron-radiation computed laminography
(SR-CL) appeared around 2005 [3, 4] and described a method that was primarily developed for
nondestructive imaging and inspection of microsystem and microelectronic devices [5, 6]. These
applications take advantage of the high collimation of synchrotron beams and the inherently
large distance towards the source (which eliminates the potential risk of the collision of the
specimen with the source enclosure) but require high-resolution imaging detectors.

A significant advantage of using synchrotron over laboratory radiation (e.g. as provided by
conventional x-ray tubes) consists in the access to different imaging contrast modes. A prominent
example is the availability of phase contrast [7] due to a partially coherent wavefield at the
specimen position which enables edge-enhancing laminographic imaging [8, 9]. This opens up a
vast range of new application fields for laminographic imaging, e.g. in cultural heritage studies
[8], in engineering [10] or in the materials sciences [11, 12]. Using more refined phase retrieval
techniques, see e.g. [13, 14], different materials can be distinguished [9, 15] (as opposed to only
the interfaces between them) which again broadens the range of application.

11th International Conference on Synchrotron Radiation Instrumentation (SRI 2012) IOP Publishing
Journal of Physics: Conference Series 425 (2013) 192025 doi:10.1088/1742-6596/425/19/192025

Published under licence by IOP Publishing Ltd 1



Recently developed contrast modes use x-ray diffraction [16] to image crystal defects or the x-
ray fluorescence signal for laminographic imaging of the spatial distribution of chemical elements
[17]. Especially the latter might have a considerable impact since it enables 3D imaging of trace
elements in life science studies on large specimens [18].

In this paper, we briefly describe the imaging geometry and different contrast modalities.
Section 2 is devoted to imaging in the parallel-beam geometry where most of the work has been
carried out. Section 3 describes more recent developments employing x-ray focussing. For both
geometries, a survey of research fields already addressed is given.

2. Laminographic imaging in the parallel-beam geometry

Laminographic imaging is commonly applied in device testing [19] and in medical imaging where
it is also termed “tomosynthesis” [20]. There exist different acquisition geometries, and early
approaches simply integrate an image during a synchronised motion of the source and detector
in order to blur out specimen structures which are not situated on the so-called focal plane of the
apparatus. Other acquisition schemes use a divergent (fan- or cone-beam) geometry to acquire
the different projection directions in separate images which are combined in a reconstruction step
to yield cross-sectional or 3D images. The latter acquisition schemes cannot be realised at typical
synchrotron imaging set-ups since, due to the long distance between source and experimental
station, they usually operate in the parallel-beam geometry [21]. Since the magnification is
close to one even if the detector is positioned some meters from the specimen, the imaging
resolution is limited by the detector resolution. In a trade-off between (energy-dependent)
detection efficiency, counting time and spatial resolution, approximately 0.5 µm resolution can
be achieved in practice via indirect detection schemes at pixel sizes around 0.2 µm.

Like synchrotron CT, synchrotron CL [3] employs a source and a 2D pixel detector which are
both stationary (i.e. neither translated nor rotated), see Fig. 1. As a result, different projection
images need to be acquired under rotation of the specimen. Using different projection images
it was almost obvious to include (like in CT imaging) an adapted projection filtering step in
order to dampen over-represented low spatial frequencies [22] in the reconstructed images. The
image acquisition scheme shown is relatively easy to implement, allows (due to the requirement
of only one rotation) high spatial and temporal resolutions to be attained and, combined with
projection filtering, provides a relatively balanced reproduction of the spatial frequencies despite
the missing data in the specimen’s Fourier domain [20]. The principal differences compared to
synchrotron CT are that the rotation axis (see Fig. 1) is inclined at an angle θ < 90◦ with
respect to the direction of the optical axis and only a limited region of interest (ROI) is imaged
inside the laterally extended specimen. Different application cases have been identified [22, 23]
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Figure 1. Comparison of the scanning geometries of SR-CT and SR-CL in the parallel-beam
geometry. CT is optimised towards matchstick-like specimens (a) while CL is adapted to plate-
like specimens (b) where only a limited ROI around the rotation axis is scanned.
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where this data acquisition scheme provides more reliable projection data than limited-angle
CT (i.e. the case when a complete plate-like specimen is scanned using CT, see Fig. 1a). This
advantage and the ability to achieve µm resolution could be successfully applied in a number of
studies including materials science [11, 24, 25] or device engineering [26].

More traditional digital tomosynthesis methods (i.e. without projection filtering) using a
scanning geometry similar to limited-angle CT with detector rotation during a scan [27] and
variants with a stationary detector were also reported [28]. First attempts involving both a
rotated specimen and detector [29] using dark-field imaging indicated potential applications in
medical imaging.

As already stated, the degree of coherence of synchrotron radiation enables phase-contrast
imaging based on simple propagation of the wavefield after passing the specimen. Different
approaches (which use differently processed projection data but the same 3D reconstruction
algorithm based on filtered backprojection [30]) are illustrated in Fig. 2 by the example of an
open-porous diffusion layer mainly made from carbon (see 3D rendering in a): imaging in the
so-called edge-detection regime with a single relatively low propagation distance where only the
outlines of the microstructural constituents (here interconnected spheres) appear (b), using a
single-distance phase retrieval algorithm [14] (c) or using a holographic multi-distance approach
[13] (d). In the latter two cases one sees contrast corresponding to different materials (i.e. carbon
and air). The profiles (e) allow one to assess the adaptedness of the different approaches:
the edge-detection regime (b) only emphasises the interfaces between different materials which
results in hollow spheres while the phase-retrieval approaches (c) and (d) reflect the true
geometry (filled spheres). For this particular example we see that the holographic approach
possibly yields a higher resolution (steeper edges) than the single-distance approach. These
phase-contrast possibilities have contributed considerably to provide 3D micro-imaging of flat
specimens in a variety of scientific studies, ranging from artwork studies [31] over paleontology
[32] to materials science [33].

Very recently, phase-contrast laminography has also been realised via Talbot interferometry
[34, 35, 36] where a grating interferometer serves for wavefront sensing. Grating interferometry
can provide – depending on the Talbot order chosen – very high sensitivity for phase imaging
[37] and also allows for using the scattering properties [38] of the microstructure as an additional
contrast mode.

Direct sensitivity towards specific chemical elements could be obtained via substraction
imaging above and below an absorption edge (e.g. K-edge) of the element or via fluorescence
imaging decribed in the following section.

3. Laminography with spatial resolution towards the deep sub-µm scale

It is a challenge to provide laminographic imaging with spatial resolutions at the deep sub-µm
and nm length scale. As for other 3D imaging modalities like CT, a major difficulty consists in
achieving the required resolution in the projection images, e.g. using devices for reproducible and
stable focussing of the x rays. Particularly for CL, another challenge is to achieve a satisfactory
precision for the specimen rotation (around an inclined axis), which could again reduce the
spatial resolution.

Different approaches have been explored recently. Using 2D scanning techniques of an object
in the focal point of a focused x-ray beam, spatial resolutions in the reconstructed images of
around 3 µm [17] and 0.5 µm [18] have been reported. Obviously, the combination of such 2D
scanning with laminography is very time-consuming and therefore restricted to low-definition 3D
images in the order of 1003 voxels. Full-field laminographic imaging with a spatial resolution of
around 0.5 µm has been demonstrated on a biological specimen by means of an x-ray microscope
configuration with Fresnel zone plates as condenser and objective lenses [39].

Using a projection microscopy approach of an x-ray beam nano-focused via a Kirkpatrick-

11th International Conference on Synchrotron Radiation Instrumentation (SRI 2012) IOP Publishing
Journal of Physics: Conference Series 425 (2013) 192025 doi:10.1088/1742-6596/425/19/192025

3



Baez device [18], a spatial resolution of around 130 nm has been measured. This approach
requires phase-retrieval techniques to be applied but it can be combined in a rather
straightforward way with fluorescence scanning. For phase imaging, simply translating the
specimen along the optical axis permits zooming into the region of interest with adjustable
spatial resolution [40]. Fluorescence imaging with variable stepping resolution is performed in
the focal plane, allowing for correlative imaging of structure and composition. The following
example of an AA8079 Al alloy foil is used to demonstrate the ability to detect and identify the
constituent elements of second-phase particles like intermetallics inside the aluminium matrix.

The hololaminography image was obtained via full-field projection microscopy imaging
(effective pixel size 60 nm) while the projections of the fluorescence image were acquired via
raster scanning microscopy of the specimen in the x-ray focal plane. The hololaminography
reconstruction reveals plenty of dense particles inside the Al foil (see Fig. 3) which cannot be
identified in terms of chemical composition. By combining the fluorescence results into the phase
contrast images, we see that the particles are mainly composed of Fe, Ni and Cu, with a varying
composition in the different particles.

Figure 2. Comparison of different propagation-based phase-contrast modes for laminographic
imaging of an open-porous diffusion layer, see the 3D rendering in (a). The through-plane slices
(b) and (c) were reconstructed from the same data, 900 projections acquired at ESRF beamline
ID19 at a single specimen-detector distance of 0.03 m: direct reconstruction (b) and employing a
single-distance phase-retrieval method (c) based on D. Paganin’s approach [14]. The scale bar is
300 µm long. The slice (d) produced by hololaminography [13] uses three additional projection
data sets at the distances 0.045, 0.105 and 0.215 m. The plot (e) compares profiles through the
sphere along the 35 µm long line shown in (b). Axis inclination θ=60◦, x-ray energy 20.5 keV,
voxel size 1.4 µm. Adapted from [9].
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4. Summary

Despite being a relatively new technique, synchrotron laminography has been applied in various
research fields where flat, plate-like objects are prevalent. Imaging in the parallel-beam geometry
yields spatial resolutions in the order of 1 µm which in many application fields is sufficient to
get new insight about the specimens or processes. X-ray microscopy techniques allow one to go
towards the deep sub-µm scale. Future sources or focussing devices will certainly allow one to
go to even higher spatial resolutions. Nanolaminography allows one to obtain 3D volume images
zoomed with adjustable spatial resolution into a macroscopically large specimen. This allows
one, for instance, to focus in heterogeneous specimens onto zones which are highly different from
the surroundings. The high spatial resolutions and the combination with fluorescence imaging
may enable new studies especially in the life sciences but also in technologically oriented materials
and engineering sciences.
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