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Abstract. We describe the implementation and execution of ptychotomography at 113-1, the
coherence branchline at Diamond Light Source. The data collection and image reconstruction
protocol is demonstrated with the three dimensional reconstruction of a nanoporous gold sample.

1. Introduction

Ptychography is a scanning coherent diffraction imaging technique in which the sample is scanned
perpendicular to the path of X-ray beam, collecting diffraction patterns at each point. The points
are chosen such that there is enough overlap of probe between adjacent points. The resulting
far-field diffraction patterns are then processed through iterative phase retrieval algorithms to
obtain high resolution, phase contrast transmission maps of an extended sample [1,2]. Usually
phase contrast is significantly higher than absorption contrast in the hard X-ray regime [8].
A natural extension of two dimensional ptychographic imaging is the three dimensional analog,
ptychotomography [3,4,7]. We exploit the high resolution 2D ptychographic projections obtained
at various angles (figure 1) as a starting point which are then taken through the conventional
tomographic process of alignment and 3D reconstruction thus obtaining a three-dimensional
complex transmission map of the sample under study.
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Figure 1. Schematic representation of the ptychotomographic experimental setup. The sample
is rastered perpendicular to the X-ray beam collecting far-field diffraction patterns at each
point. These patterns are taken through phase retrieval algorithms obtaining a ptychographic
projection. Such projections collected at various angles constitutes a typical ptychotomographic
dataset.

2. Experimental Details

3D nanoporous gold structures were prepared by selective dealloying of 33% gold-silver alloy
micro whiskers (Palmer metals, UK). The micro whiskers were exposed to nitric acid (69%
Sigma-aldrich) for 48 hours after which they were annealed for 18 hours at 375°C [5].

Figure 2. Scanning electron microscopy image of 33% gold-silver alloy micro whiskers dealloyed
for 48 hours and then subjected to annealing for 18 hours at 375°C.

Ptychographic imaging was carried out at the [13-1, the coherence branchline of the 113 beamline
at Diamond light source, UK [6]. The samples were imaged with X-rays at a photon energy
8.4keV and 0.1s exposure time per frame. The detector to sample distance was 6.7m. The photon
counting Merlin detector with a pixel size of 55um and 515x515 pixels wide was used. A zone
plate, beam-stop, order sorting aperture ensemble was employed to obtain a confined (smaller
than the field of view) X-ray probe in order to illuminate the sample. The reconstruction pixel
size in this geometry was 35nm at the 512x512 cropping of the detector. 543 such equispaced
angular projections were collected in interlaced format. The datasets were processed through
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150 difference map iterations and 300 maximum likelihood iterations employing 3 probe modes
for reconstruction (figure 3).
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Figure 3. A,B,C. Phase unwrapped projections of nanoporous gold sample as seen in the figure
2 at 90, 0, 90 degrees respectively. The gray scale shows the phase shift in radians. D, is the
primary mode of the orthogonalised probe. A colourwheel is used here to represent the complex-
valued probe. The brightness of the pixel color corresponds to the magnitude of the probe while
hue gives the relative phase of the probe.

In principle the raw ptychographic angular phase projections are corrected for phaseramp and
phase unwrapped before taking them through the tomographic reconstruction routine. However
presence of “residues”, points in phase that produce inconsistencies in phase unwrapping lead to
imperfect unwrapping of phase in the angular projection. Imperfect phase unwrapping over
the entire range of angular projections would result in overall blurring of the tomographic
reconstruction. ~ While phase unwrapping is necessary for alignment purposes, the 3D
reconstruction itself can be obtained from phase wrapped angular projections. In order to
get around this limitation, we have followed the approach suggested in [4] where a thinner
portion of the projection which can be phase unwrapped easily is chosen as a representative
element of the projection (figure 4). All further alignment routines are carried out with the
representative elements and applied to the complete projection. The vertical alignment was
done using edge detection method [3] and horizontal alignment was done using tomographic

consistency technique [7].
-
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Figure 4. A, ptychographic projection after phase ramp removal. B, part of A used for
alignment. C, same as B after phase unwrapping.
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3. Results and Discussion

3D slices (figure 5) were then tomographically reconstructed by taking the derivatives of the
aligned phase wrapped projections through the filtered back-projection technique [4]. We observe
artefacts due to sharp edges (streak artefacts) and the fact that the sample is not completely
in the field of view. Optimisation and standardisation of the ptychotomographic reconstruction
routine is currently in progress.

A

Figure 5. A, axial slice corresponding to 77th row of the phase projection. B, longitudinal
slice. The scale bar in A and B corresponds to 1 micron.

4. Conclusions

We were successful in collecting and reconstructing three dimensional ptychotomographic data
from the nanoporous gold sample, which is presently in the optimisation stage. The spatial
resolution achievable with the current experimental setup is limited by the beam stability and
the performance of the sample stages. Overheads mainly from the motor movements increase the
data acquisition times and therefore (without any X-ray shutter) the risk of radiation damage
is increased. We are currently in the process of achieving faster scan rates and making further
improvements to the existing 3D data acquisition and reconstruction routines. We are heading
towards execution and optimisation of multi-wavelength ptychographic imaging and on-the-fly
scanning ptychotomography.
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