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Report:

e Experiment goal:

The goal of our experiment was to study in real-time the dissolution of calcite nano-sized crystals grown on a
25 um thick Kapton substrate and in contact with a liquid solution, by developing a new Bragg coherent
diffraction imaging (BCDI) approach where the measurement time is significantly reduced. Thereby, we wanted
to monitor the time evolution of the crystal morphology and internal structure at subsequent stages of the
dissolution process, by performing rocking curve scans lasting few seconds (less than one minute). These results
would be used to test our hypothesis about the existence of specific strains connected to the intense chemical
reactivity of corners and edges, which are absent from flat terraces and which link the chemical reactivity to the
structural features of the 3D interface of a nanocrystal.

However, due to an important instability of the Kapton surface under the beam, we were forced to re-orient our
experimental approach. Finally, we decided to apply the new BCDI methodology to observe the morphology
and internal structure of a Si nano-structured crystal evolving upon beam radiation damage.

e New BCDI methodology:

This new approach called “speckle-(sp)BCDI”, consists in modulating the coherent beam wavefront with a phase
plate (see Figure 1, panel h), to produce higly non-uniform illumination: “speckle illumination” to enhance the
efficiency of sampling of the diffracted intensity around a Bragg peak in a rocking curve scans (RCS). The
illumination of the crystal with speckles produces shifted copies of the Bragg peak along the rocking curve
direction. Therefore, the detector at a single rocking angle intercepts simultaneously various components of the
diffracted signal arising from different directions, and thereby, increasing the 3D information content in each
cut of the reciprocal space. This effect is used to relax the oversampling ratio (OSR) in the rocking curve
direction since it enables to reduce the number of diffraction patterns required to retrieve a 3D image of the
crystal.




e Experimental prot

ocol

The MLL lens setup of ID13, was optimized to produce a focused beam of ~ 70 nm size at 13 keV. Two detectors
were available: an Eiger and a Medipix to perfom 2D forward ptychography and 3D BCDI. We mounted the
phase plate at ~ 15 cm upstream of the optics and we set the upper stream slits to an opening gap of 75 x 75 yum.

The experiment was divided into two parts: First of all, we performed a complete characterization of the phase
plate and the resulting speckle illumination at the focus of the lens by performing a series of 2D forward
ptychography measurements on a siemens start pattern.

The second part was devoted to the real-time study of a dynamically evolving system. For this, we used a

crystalline Si-(110) pad on

which code bar structures had been nano-patterned with typical sizes ranging from

60 up to 200 nm (see Figure 2). On this sample,we first collected a series of spBCDI rocking curve scans with
a high OSR of 4 at various positions on the sample. This was done while the sample was static under the beam.
Then, we launched a radiation dammage measurement performing a battery of ultra fast rocking curve scans
while the sample was degrading under the beam)

e Results

Figure 1 shows one of the reconstructions produced from the inversion of the forward ptychography data taken
on the siemens star pattern with a speckle illumination. We can observe the great spatial resolution accomplished
in the reconstruction of the object (panels a and e for amplitude and phase respectively). We can also reconstruct

the speckle illumination at
focal plane (panels ¢ and g
amplitude and phase) aris

from the modulation of the
coherent wavefront by the
phase plate. More

interestingly, we calculated
from the reconstructed probe
the complex diffracted wave
field at the detector position
(panels ¢ and g for amplitude
and phase) There, we can
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recognize the same structural igure 1. results of the forward ptychography measurements with speckle
features which are present in the jjjyumination. The red box in panel h highlights the area of the phase plate which
simulated (panel d) and actual produces the speckles and which is visible in the detector plane shown in pannels ¢
phase plate (SEM image in andg.

panel h).
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Figure 2 shows the nanostructures patterned in a Si crystalline pad
(panel a shows a general view while panel b displays a detail of
the structure, including some typical distances) that we imaged
with the speckle illumination in Bragg geometry. Panel ¢ displays
a diffraction pattern taken from the central part of the rocking
curve and panel d shows the 3D diffracted intensity distributed
around the Si 110 Bragg peak as recorded in the rocking curve.
Finally, panel e shows in a row the temporal evolution of the
intensity diffracted by the small code bar pattern (left column in
panel a), upon exposure to the beam. The changes in the speckle
distribution recorded in the succesive rockign curve scans arise
from the change in morphology and internal structure of the nano-
structures, due to its interaction with the very intense coherent X-
- ray beam. Our goal is to invert these series of rocking scan, to
=" "7 retrieve images of the object in 3D at different stages of this
erns . .

process, and thereby, reconstruct a video of the degradation of the
nano-structure with time.
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