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Report:

The idea of the submitted proposal was to apply the new technique of Coherent X-ray Diffraction (CXD)
imaging technique to soft surfaces as an in-sifu, non destructive technique. The principle of CXD imaging is
to oversample the coherent diffraction pattern scattered by an object illuminated by a coherent x-ray beam.
The image of the object is then numerically reconstructed using usually Gershberg & Saxton algorithm based
on iterative direct and reverse Fourier transform between reciprocal and real space in order to recover the
scattered phase loss during a scattering experiment[1].

As a first experiment on soft interfaces, we have measured coherent diffraction pattern at the ID10C beamline
for two kinds of soft surfaces. The first one was of a tiny PDMS droplet on a silicon wafer. Using this high
viscosity Silicone Oil (PDMS, viscosity 100000CSt), the spreading may take hours days or months in a
predictable way [2]. We thus obtain isolated objects on a surface with a controlled shape which can be
visualized by optical microscopy for further comparison with reconstructed profiles. A second system was
diblock (A-B) copolymer films. Upon annealing above their glass transition temperature, such films self-
organize into alternating layers of blocks A and B. In the top layer, holes or islands appear depending on the
amount of copolymer on the surface and the annealing time. Such a system is also easily visualized using
optical microscopy and atomic force microscope for further comparison.

For this experiment the wavelength for the x-ray incoming beam was fixed to 0.150nm (8keV). The beam
was focussed using Beryllium lenses at a point 0.2m before the sample were 7umx7um slits were placed in
order to select the coherent part of the beam. The sample (silicon wafers) was fixed on the diffractometer
which is used to fix the incidence angle. The incident angle on the sample was varied between 0.05deg to
0.98deg. Two kinds of detectors were used: a point detector which can be scanned in y and z direction and a
CCD camera (22um pixel size). Both are placed far away from the sample at 3.47m (far field). Typical
acquisition time for the CCD camera to register a coherent diffraction pattern is 200sec.



Many lessons have been drawn from these first CXD experiments on soft surfaces, concerning the experiment
itself and the way it should be carried out in order to obtain valuable CXD spectra for reconstruction.
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figure 1: Coherent x-ray diffraction pattern obtained for a bare figure 2: 1-D coherent diffraction spectra of the bare substrate
substrate (silicon wafer), for holes in diblock copolymer thin and for a tiny droplet. (vertical cut in up and bottom left images
layers and tiny droplets. Bottom right, picture of the droplet of figure 1)

under investigation obtained by optical microscopy.

The 2D CXD spectra of figure 1 show that the experimental geometry enables the measurement of speckles
which are very sensitive to the shape and morphologies of the layers deposited on the substrates. Indeed, the
spectra obtained for the single PDMS droplet deposited on a bare silicon wafer is very different from the one
obtained for the diblock copolymer layers exhibiting holes in the last layer. Moreover, spectra measured for
different diblock copolymer layers (with small or large holes, with islands ...) have demonstrated the
sensitivity of CXD to the surface morphology (not shown here).

In the case of PDMS droplet desposited at the surface of a bare silicon wafer, these experiments have shown
that the quality of the substrate in term of surface roughness is extremely important since a roughness usually
considered as low (0.4nm) leads to complex speckles where sometimes the specular reflection is hardly
distinguished from the speckle itself. The bare substrate speckle of figure 1 was obtained using a high quality
optically polished thick silicon block to 0.2nm. Using such subtrates, well defined specular reflections with a
low level of speckle due to roughness could be obtained as shown in the vertical cut of figure 2 (fringes due
to slit diffraction are still present, demonstrating the importance of beam cleaning).

Using such a substrate, we were able to measure speckle patterns around the specular reflection that were
different from the ones obtained for the bare substrate. Several difficulties were identified.

1) First, it was rather difficult to put the droplet (lateral size a few ten of microns) in the beam since no
microscope was available on the diffractometer. The droplet was deposited and localized roughly using using
the tip used to deposit it. This problem is now solved since a microscope is available in situ on the ID10C
beamline.

2) As it can be seen on the figure 2, the incident beam shape is also very important to obtain valuable data.
Indeed in figure 2, one can see that the interferences fringess due to the diffraction by the last slit before the
sample reflect in the speckle. Such oscillations have to be taken into account in the modelling of the coherent
diffraction through the illumination function. Such approach is under study. However for further experiments
we have to use guard slits in order to use a cleaner incoming coherent x-ray beam on the sample.

Two qualitative differences can be noticed between the two speckles of figure 2. The interference period
appears very high for the bare substrate and lower for the droplet. The overall slopes are also very different in
the two speckles since it is flat for the bare subtrate and became linearly decreasing in logarithmic scale for
the droplet These features confirm that we were able to measure in theses test experiment valuable speckle
with are currently under modelization and reconstruction.
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