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X-ray computed tomography (XCT) is a rapidly growing field of non-destructive 3D inspection,
offering a new approach for high-resolution imaging when visible-light and electron microscopy
are insufficient. Using other techniques, 3D visualization is either technologically challenging or
requires the sample to be consumed in the image-collection process. By utilizing the high
penetration of x-rays coupled with novel techniques in instrumentation, 3D volumes well below
the surface of the sample may be collected with micron- and sub-micron spatial resolution.

While XCT has been in use for quite some time, traditional approaches have led to performance
limitations. In the most common technique, x-rays project through the sample onto the detector
in a cone-beam geometry, typically limiting resolution to the size of the x-ray source. High-
resolution imaging is thus achieved by placing the sample very close to the source, which may
restrict sample size for tomography to a very small volume [1]. By increasing the resolution of
the detection system, however, source-to-sample distances may be relaxed while still achieving
resolution of ~1 um. Source instabilities are much less influential in this scheme, permitting fast,
high-resolution 3D tomography utlizing a larger spot size [1-2].

By pairing x-ray optical elements with a high-resolution detector, theoretical imaging resolution
becomes a function only of the optical elements in use and not the x-ray source [1-3]. Such a
geometry employs a high-efficiency reflective capillary x-ray condenser lens matched to a
Fresnel zone plate objective, similar in design to a transmission light or electron microscope [4,
7-8]. Penetration depth may be optimized through proper selection of x-ray source, either
through tuning the photon energy of a synchrotron monochromator or choosing the appropriate
target material with a laboratory source. Using an emission line of 8 keV, for example,
penetration through 100 pum of silicon or 300 pm of polymer may be obtained, allowing
visualization far below the surface of a sample as compared to other techniques. Spatial
resolution below 40 nm has been routinely achieved in this configuration and may be customized
simply by changing zone plate objectives [3]. While low-density specimens often produce low x-
ray absorption contrast with 8 keV photons, new developments in Zernike phase contrast
imaging highlight material interfaces, thus enabling clear 3D imaging of such specimens [4-6].

The applications for high- and ultra-high resolution XCT range from materials research to
biological studies and extend into the semiconductor industry. This technique is not intended to
replace other methods, but more to complement them for situations in which they are not suitable
(e.g., quantitative porosity measurements). A multi-length-scale system is presented here, and
example applications of non-destructive 3D x-ray imaging with micron- and sub-micron
resolution are demonstrated.
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Fig. 1 Three volume-rendered examples of 3D x-ray computed tomography with sub-
micron resolution are shown here with brighter colors representing higher contrast.
(a) shows an aluminum-hydroxide matrix containing sub-micron iron-oxide particles,
(b) a porous shale rock, and (c) compacted cellulose powder (imaged with Zernike
phase contrast to enhance the material interfaces).
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