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Report: 

The goal of the experiment was to make a coherent x-ray diffraction study of InSb pillars, 2µm in 
diameter and 6µm high, during indentation with an AFM tip. The pillars were fabricated by focus ion beam 
from a bulk InSb (213) substrate, and were positioned at the center of a large crater of 150um in diameter. 10 
pillars were available on the same sample, all having the same size. We did not have time to study the GaAs 
pillars we had for the experiment. 

For this experiment the new micro-diffractometer available on ID01 with high precision of the sample 
stages and the stability of sample was greatly beneficial.  An AFM tip was used for indentation, with steps of 
a few tens of nanometers. A 7keV beam was used and Fresnel Zone Plates (FZP) inserted to focus the beam. 
Coherence was achieved by using slits before the FZP to match the transversal coherence length of the beam 
at the end-station. Detection was performed by the Maxipix pixel detector. 

The 202 Bragg reflection was measured from the pillars in the virgin state. At the energy used, the 
incidence angle was 3 degrees and the exit angle 45 degrees. The sample layout (pillar positions, sample 
orientation, dimension of the crater) and the energy of the x-ray beam were accurately defined beforehand to 
allow the measurement of the diffraction signal, avoiding shadowing from the AFM tip, substrate 
contribution far from the pillar. Finding the pillars in the diffraction geometry by scanning the sample was 
possible, but took a large amount of time, due to the presence of the substrate signal and to the large area of 
the crater. Figure 1 shows diffraction maps where the crater and the pillar are clearly visible.  

To overcome this problem, the fast scan that is currently implemented at ID01 will be greatly 
beneficial for the next experiment. Once the pillar found, the reflection did not display speckles under 
coherent illumination, which was a signature of absence of defects in the as-prepared state, and very 
promising for the detection of the first dislocation events. 



 
Figure 1: The craters and pillars are found on the 202 asymetric reflection by diffraction mapping. 
 
  
Unfortunately, the alignment of the AFM tip on the pillar was trickier than expected on this very 

asymetric reflection. In general this alignment is rather easy when looking at a specular reflection as the 
shadow of the tip and its mirror image in the diffraction map allow a precise determination of its position  
above the structure of interest. Here, without this possibility, the alignment was done by extrapolation of the 
position of the tip from geometrical consideration. More specifically we imaged the tip in the diffraction 
maps far from the pillar and measured the distance between tip and sample surface in the same position. 
However, the 1 micron uncertainty of this alignment led to the destruction of the very brittle InSb pillars. This 
was shown by post-experiment SEM images (see images below). 
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Thus, unfortunately, the recorded data are not usable.  

Nevertheless, this experiment was very important for the optimisation of the experimental conditions 
necessary for the success of the next measurements. Firstly, it pointed out the need for a more efficient 
alignment tool of the AFM tip. The installation of a high resolution optical microscope looking at the sample 
and AFM tip from the side and not only from the top, as it is now, is planned for future experiments at ID01. 
Secondly, it gave a strong motivation for the implementation of the  fast scanning option, which has been 
consequently developed at the beamline, and that will make it possible to perform this very interesting 
experiment in the near future. 


