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Report: 
 
The aim of the beamtime was to investigate the crystallization of carbon nanoclusters in-situ during 
annealing of C-implanted amorphous silica layers in forming gas (mixture of Ar and H). However, we found 
that the diffraction peaks of crystalline carbon inclusions (diamond inclusions, fcc-carbon or simple-cubic 
carbon) are not measurable, since they were covered by an intense background due to the scattering from 
amorphous silica. Therefore we decided to study the spatial arrangement of Ge nanocrystals in silica, using 
grazing-incidence small-angle x-ray scattering (GISAXS).  
Introducing regularity in the spatial arrangement of Ge quantum dots (QDs) is proven to affect their 
properties; in particular, collective QDs vibrations appear a distribution of their sizes is much narrower [1]. 
Moreover, the wavefunctions of carriers confined in periodically arranged quantum wells may overlap 
creating minibands of eigenenergies with broad optoelectronical applications. 
The formation of regularly ordered QDs arrays is usually obtained during the growth of crystalline 
multilayers (MLs) [2,3] where the mismatch of the lattice parameters causes elastic forces which induce QDs 
ordering. Some very recent studies [4] showed the possibility of the production of spatially correlated Ge 
QDs also in amorphous MLs, where the ordering is achieved by the interplay of diffusion and surface 
morphology mechanisms. However, in such systems, regions with ordered dots appear in small, randomly 
oriented domains, and only ordering of the positions of next neighbors in QD arrays (short-range ordering) 
can be achieved. 
In the reported beamtime we have investigated the growth of Ge QDs in (Ge+SiO2)/SiO2 multilayers after 
ion beam irradiation under oblique incidence angle (φirr= 60 deg).  The irradiation is used for induction of 
regular ordering of QDs, which are nucleate along the rods in irradiation direction [4]. We have performed 
series of reflectivity, diffraction and grazing incidence small angle X-ray scattering (GISAXS) measurements 
of the system consisting of 20 (Ge+SiO2)/SiO2 bi-layers deposited on Si(111) substrate. The purpose of the 
measurements was investigation of temperature dependence of structural properties of the irradiated 
multilayer and of the crystalline quality of the formed QDs. Therefore, the measurements were taken before 
after and during the in-situ annealing in vacuum in temperature range from 200-900oC.  GISAXS maps of the 
multilayer measured during annealing treatment are shown in Fig.1. All maps taken on ML annealed below 
800oC show presence of tilted Bragg sheets. The tilt angle (φtilt = 90 − φirr) correspond to formation of QDs 
which are correlated along the irradiation direction. For annealing temperature higher than 700oC, the Bragg-
 



sheets are not visible in GISAXS maps showing destruction of the multilayer structure and regular QDs 
ordering.   
 

 
 
Fig.1. GISAXS maps measured on the irradiated (Ge+SiO2)/SiO2 multilayer during in-situ annealing. The 
incident X-ray beam was set perpendicular to the plane of the irradiation.  
 
In the following, we are going to analyze the GISAXS data. We have formulated a model describing the 
ordering of the QDs along the ion tracks and we are dealing with numerical fitting of the GISAXS data to 
this model. 
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