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    Under stresses larger than 10 GPa, crystalline silicon (Si-I) undergoes phase changes resulting in 
metastable high-pressure phases (HPP) [1]. During both indentation and scratching experiments, 
pressures of up to 12 GPa can be achieved, whereas after unloading the metastable Si-III, Si-IV and 
Si-XII phases can be formed. Since these structures exhibit different structural and electric properties, 
a fundamental knowledge of them is necessary in order to investigate their industrial applicability. 
Furthermore, silicon high pressure phases have been found after fs-laser irradiation of crystalline 
silicon [2] or the annealing of amorphous silicon (a-Si) [3], respectively. Since their localization via 
electron diffraction methods is possible but challenging, a more convenient way may be the use of a 
spectroscopic method like electron energy loss spectroscopy (EELS). Its main advantage is the 
changed fine structure of the Si L2,3 edges comparing a-Si, Si-I and the diverse HPPs. However, the 
preparation of electron transparent samples is quite difficult due to the reverse transformation of the 
HPPs at temperatures above 175 °C. Silicon HPPs have been prepared by means of scratching or 
indentation of Si(100) surfaces applying slow unloading rates lower than 1.5 mN/s. Afterwards, the 
formation of the Si-III and Si-XII phases has been verified by registering loading-displacement curves 
as well as by Raman spectroscopy. The EELS investigations have been performed in a VG HB 501 
UX scanning transmission electron microscope equipped with a Gatan ENFINA 1000 parallel electron 
energy loss spectrometer. The microscope was operated at an acceleration voltage of 100 kV. Ultra-
thin samples (thickness < 60 nm) were necessary in order to achieve a sufficient spectral intensity. 
The electron transparent preparation of the samples has been described in [4]. Best samples have 
been achieved using focused ion beam (FIB) technique and classic plan view preparation including 
pulsed Ar

+ 
ion milling, respectively. The prepared samples were first inspected by electron diffraction in 

order to verify the presence of the silicon HPPs in the ultra-thin sample regions. Due to their particular 
crystal structures, each HPP exhibit unique lattice plane distances that are different from those of the 
phase Si-I. This is clearly visible in the diffraction pattern in Figure 1 acquired from a crystallite in the 
Si-XII phase. After preparation, the plan view samples exhibited mainly the Si-III and Si-XII phases, 
whereas the FIB samples contained mainly the Si-IV and Si-XIII phases. Both latter phases 
transformed from the two former ones due to local heating of the samples above 175 °C during Ga

+ 

ion milling inside the FIB machine. Subsequently, all samples were investigated by EELS. Therefore, 
EEL spectra of the Si L2,3 edge of a-Si and the phase Si-I have been acquired at first as a reference 
since these both and the HPPs coexist in the investigated sample volume (cf. Figure 2). The spectra 
experimentally acquired from the various HPPs have been compared to ab initio density functional 
theory calculations. This results in both the assignment of the individual peaks in the acquired EEL 
spectra and the evaluation of the threshold energies for each investigated high pressure phase. 
Hence, different Si HPPs can be distinguished using EELS. 
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Figure 3. Diffraction pattern of a crystallite in the Si-XII phase. The purple circle indicates {111} planes of the Si-I 

phase. 

 

 

 

 

 

 

 

 

 

 

 

 

 


