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Report:

In this experiment, the 3D coherent x-ray diffraction pattern is successfully measured on a single Cu
crystal embedded in a polycrystalline Cu thin film. As Cu exhibits a very strong elastic anisotropy (a ratio of
3.2 exists between the Young moduli along the [111] and [001] orientations), very large grain-to-grain
interactions are expected between the (001) and (111) grains. It results in large strain in-homogeneities
depending on the grain aspect ratios. The aim is to investigate the local elastic strain field in a single grain in
a matrix.

Coherent x-ray diffraction is a powerful technique for imaging the 3D strain field in a single grain [1]. The
method is based on the oversampling of the coherent pattern, allowing in principle to the phase restoration
[2] using phase retrieval algorithm without the need for a priori hypothesis [3,4]. In the presence of strains,
the method is more challenging as an effective complex-valued electron density is introduced, whose
amplitude is the true electron density and whose phase is related to the atomic displacement field projected
onto the chosen Bragg vector. In the weak strain regime, the method is limited by the divergence of the beam
while the inversion of the diffraction patterns from highly inhomogeneous strained systems relies on the
adaptation of the iterative algorithms.

The Cu films (0.5 um thick) are deposited onto a silicon substrate. The mixing with the substrate and the
oxidation of the film are avoided by the depositions of two thin silicon nitride layers at the substrate/Cu film
interface and onto the Cu film surface. The grains are mostly <111> oriented (i. e. (111) planes parallel to the
surface). However, about 10% are <100> oriented (estimated from Electron Back-Scattered Diffraction
analysis). After several thermal cycles up to 400°C, the structure is stabilized with in-plane grain size
typically in the 0.1-1 um range, for both orientations.

An un-focused 8 keV beam is used. The longitudinal coherence length is ensured by the double crystal
Si(111) monochromator while the transverse coherence length is given by the apertures of the SS2/SS4 slits,
located at about 10 m and 1 m from the sample position, respectively. A special attention is paid to the fine
characterization of the beam divergence, which is about 3 mdeg in both horizontal and vertical directions.
The sample is mounted horizontally on the diffractometer under a neutral atmosphere. A 0D detector and two
2D-CCD’s camera are used for the setting and the measurements. Two kinds of investigations are performed:
measurements of the Debye-Scherrer rings on a grain assembly and 3D coherent x-ray diffraction on a single
grain. For the first ones, a wide view acquisition (6° x 6° with the 2D CDD) is performed at the 111, 200,
222 and 400 Debye-Scherrer rings, obtained with a large spot size at the sample position. By varying the
incident angle and the spot size and by probing different positions on the sample, it is possible to discriminate



between two strain in-homogeneities: with a large spot size (200x200 um?) the measurement reveals the
homogeneity of the average strain distribution along the sample, while a smaller spot size (10x10 um?)
allows to separate the diffraction patterns from individual grains and to estimate therefore the distribution of
the average strain from one grain to another.

In the second part of the experiment, which is also the more challenging one, the detailed shape of the
coherent diffraction pattern from individual Cu grains ((100) oriented) is obtained. When the diffracted
intensity is collected in a solid angle of about 1°, the grain density decreases down to about 1 for 10 pm?.
One single grain is selected by scanning the sample through the beam spot and the coherently diffracted
intensity is measured with a direct illumination CCD detector (384x576 pixels of 22x22 um” area), used in a
single photon counting mode [5]. This provides noise free results with a precisely known number of detected
photons, making possible statistic studies. The final 2D pattern results from the accumulation of thousands of
frames, each obtained with an acquisition time of about 2 seconds. The 3D Bragg spot is fully described by
scanning the incident angle on a few tenths of a degree. Typical patterns can be seen on Fig. 1. A visibility as
large as 80% is reached, showing the good coherence properties of the experimental set-up. The full 3D
measurements of the 200 reflection are obtained for two crystals (with 21 and 41 frames measured along the
rocking curve, respectively). An online estimation of the crystal sizes leads to about 300 nm. In addition, we
monitor the decrease of the 2D intensity distribution, while scanning the grain through the x-ray beam. The
simultaneous vanishing of the different parts of the diffraction pattern allows to conclude that the whole
diffraction pattern is arising from one individual grain. Finally, for one of the two crystals, the second order
(i. e. the 400 reflection) is also investigated. Further analysis are now in progress in order to attempt 3D
shape and strain inversion.

Figure 1. Coherent x-ray diffraction patterns from two individual grains in a Cu polycrystalline
thin film, measured at the Cu 200 Bragg reflection.
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