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Report: 

 
Due to the unique electronic and optical properties of semiconductor nanocrystals (NCs), Ge and Si NCs are 

promising candidates for, e.g., light emitting diodes [1-2], fast and stable non-volatile flash memory devices 

[3] and fluorescent biological labels [4]. Despite the intensive research regarding the electrical and optical 

properties of nanoparticles embedded in oxide matrices, spectroscopic studies of the formation process of 

nanoparticles and the corresponding changes of the local structure are rare. This information though is 

important for understanding the formation of embedded NCs in general. In recent years special attention is 

given to SixGeyOz three component systems since (i) oxide embedded Ge NCs have a smaller band gap and a 

higher dielectric constant compared to Si NCs which results in higher charge retention times and (ii) Si is 

preferentially oxidized so that Ge NC formation can be tuned [5]. 

 

X-ray Raman scattering (XRS) is a powerful technique to probe the local atomic and electronic structure of a 

system, similar to the conventional x-ray absorption spectroscopy. Using hard x-rays, bulk sensitive studies of 

Si absorption edges yield unique information about the local chemical environment of Si contained in 

SixGeyOz. This has been shown in earlier studies of the phase separation in SiO [6-7] 

 

The measurements were carried out at beamline ID16 [8]. The multi-analyzer spectrometer in Rowland 

geometry was used at an analyzer energy of 9.68 keV and scattering angles between 127° and 153° resulting 

in momentum transfers between 8.89 Å
-1

 and 9.66 Å
-1

. The SixGeyOz samples were annealed ex situ at 

different temperatures to cover the regime of interest between 300 °C and 1200 °C in an argon atmosphere 

for 30 minutes. XRS spectra were measured between 90 eV and 120 eV energy loss in the vicinity of the Si 

L-edge. 

 

 



 

The samples had been pre-characterized by x-ray diffraction and x-ray absorption near-edge structure at the 

Ge K-edge. The nanocrystal formation in the sample with a low Ge-amount (Si0.45Ge0.02O0.53)  takes place 

above 950 °C resulting in Si nanocrystals with an average diameter of (4.6±0.2) nm at 1000 °C. Due to the 

stoichiometry of the sample, the structure of the native sample is very similar to the structure of bulk 

amorphous SiO [7]. Thus temperature induced structural changes of the shape of the Si L2/3-edge are similar 

compared to SiO indicating a phase separation in the SiOx content. In the sample with a high Ge amount 

(Si0.25Ge0.25O0.50) a Ge nanocrystal formation between 700 °C and 1000 °C takes place. Here, no phase 

separation of the SiOx content was observed due to a high Ge amount. Above 500 °C GeO2 reduction takes 

place resulting in a Ge cluster formation embedded in a SiO2 matrix.  

 

XRS spectra of differently annealed samples with low and high Ge content are presented in figure 1. In the 

spectrum of Si0.45Ge0.02O0.53 an increase of the spectral intensity in the regions A and C can be observed for 

the sample annealed at 1000 °C while the intensity in the region B decreases. This changes indicate a 

temperature induced phase separation when Si and SiO2 regions grow on cost of the sub-oxide-interfaces [7]. 

In general, only changes in the regions B and C can be observed in the spectra of the Si0.25Ge0.25O0.50 sample 

which shows a similar trend compared to Si0.45Ge0.02O0.53. Here, only SiO2 formation can be extracted from 

the spectra on cost of a reduction of Si sub-oxides. Small amounts of pure Si may exist but changes in the 

region A are below the statistical limits. Here, the pure Si which occurs due to the temperature induced phase 

separation in the Si sub-oxide directly initiates a GeO2 reduction leading to SiO2 embedded Ge clusters. The 

analysis of the data is in progress and further measurements are planned to increase statistical accuracy and to 

measure more temperature points. 

 

 

 

 
 
Figure 1: Si L2/3-edge of the native and differently annealed Si0.45Ge0.02O0.53 (left) and Si0.25Ge0.25O0.50 (right) samples. 
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