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Report:  

This was our first experience  using excellent facilities of ESRF.  
Our main goal was to confirm the formation of crystalline silicon nanocrystals in annealed 
multilayered structures of initial composition (1) SiOx/Si3N4; (2) SiNx/SiO2 and (3) 
SiNx/Si3N4 obtained using PECVD technique. The samples contained from 10 to 40 pairs of 
layers with different thickness of active and barrier layers varying from 1.5 to 6 nm. The 
multilayered structures were grown on silicon substrates. As a reference sample we used 
SiOx/SiO2 structure with 40 pairs of layers, 5 nm thick active layers and 3 nm barrier layers. 
Annealing of the samples at temperatures up to 1150 oC should result in the self-organisation 
of silicon nanoclusters in non-stoichiometric SiOx or SiNx layers. The crystalline phase of 
silicon nanocrystals in the reference sample was demonstrated previously using different 
techniques. 

The results of the GIXRD scans collected at a grazing incidence angle of 0.3° for 
multilayered SiOx/SiO2, SiOx/Si3N4 and SiNx/Si3N4structures, annealed at 1150 oC are shown 
in Fig.1. Small overall thickness of the structures, small dimensions of the nanoparticles as 
well as the presence of silicon everywhere made the task non-trivial. Preliminary 
measurements of X-ray reflection confirmed that the contrast in the samples is sufficient to 
performed the measurements. The results presented in Fig.1 confirm the formation of silicon 
nanocrystals in all the matrices studied. As to our knowledge, this is the first time that the 
formation of silicon nanocrystals in silicon nitride matrix was demonstrated. 



 

The measurements were performed on a number of samples of the series and for further 
investigations such parameters as the layer thickness and number were defined to ensure 
reasonable signal to noise ratio. 

Our further plan was to use GISAXS technique to investigate possible ordering of the 
nanoclusters, however for our beamtime the CCD camera of the beamline was not available 
and with the camera borrowed from the pool we didn’t see much. This is what we plan to 
apply for for the next beamtime. 

We planned also to see annealing temperature dependence on the formation of 
nanocrystals, but didn’t have time for that since annealing has to be done ex-situ. 

The results of this beamtime are included in a paper, which is under prepaatiob at the 
moment. 
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Figure 1. GIXRD results 

 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


