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Supplementary note 1. Raman scattering for as-implanted and annealed samples 
The results of studying the samples by Raman scattering are shown in Fig. S1. All 

spectra were obtained under the same conditions (wavelength and excitation power, ex-
posure time). For the original and irradiated substrates without annealing, peaks are ob-
served from crystalline silicon only. The figure shows the phonon modes from the silicon 
substrate: second-order transverse acoustic (2TA) at ~300 cm-1, transverse optical (TO) at 
~520 cm-1, and a wide area at 600–700 cm-1 from the second-order longitudinal acoustic 
(2LA) mode. All measured curves were scaled (normalized) by the intensity of the TO 
mode. 

Upon annealing, the appearance of background caused by the appearance of photo-
luminescence in the samples is observed (inset to Fig. S1). However, against the back-
ground of the shoulder from photoluminescence, peaks are observed on the annealed 
samples, which are not characteristic of the lines from the silicon substrate. For a more 
detailed analysis, the luminescent background was removed (Fig. S1). It is known that, 
depending on the polytypes, gallium oxide has a different set of Raman-active modes; for 
example, the peak positions for β-Ga2O3 (144, 169, 200, 320, 346, 416, 475, 629, 655 and 766 
cm-1) and α-Ga2O3 (216, 284, 430, 573, and 689 cm–1) are known [29]. There are no clearly 
defined modes for δ- and γ-Ga2O3 in the literature; mainly only a few broad bands associ-
ated with bending and stretching of the Ga-O bond are observed.  

Annealing at 300 °C also does not lead to the appearance of new lines, and an increase 
in temperature to 500 and 700 °C leads to the appearance of weak peaks that are absent in 
the initial samples. The observed lines in the samples annealed at 500 and 700 °C cannot 
be unambiguously associated with the known lines from any polytypes. Previously, sim-
ilar results were observed in [30] and were associated with the formation of nanocrystals 
of the γ- Ga2O3 with low crystallinity. On the other hand, during the formation of Ga2O3 
nanosized crystalline particles, significant shifts in the positions of the Raman lines [31] 
and a change in the ratio of their intensities are possible due to different orientations with 
respect to the polarization of the exciting light.  

Increasing the annealing temperature to 900 °C leads to the disappearance of addi-
tional peaks, and the spectrum coincides with the spectrum of the initial sample. This may 
indicate that, at lower temperatures, defective γ-Ga2O3 nanocrystals are formed, which 
either decompose with increasing temperature or transform into another phase that does 
not contribute to the Raman spectrum, probably due to the low volume concentration of 
such particles in the layer. 



 

 
Figure S1. Raman scattering spectra for a SiO2/Si: (Ga+ + O+) sample, before and after sequential 
annealing. For comparison, the spectra of the initial Si substrate and the initial SiO2/Si film are also 
shown. Positions of the unidentified lines are indicated by arrows. Spectra are shown after remov-
ing the luminescent background.  On the inset, the non-corrected spectra are shown. 

 



 

Figure S2. Electron diffraction picture of the SiO2/Si: (Ga+ + O+) structure after final annealing at 
900 °C. Spots corresponding to (002) and (401) planes of the nc-Ga2O3 (β-phase) are indicated on 
the picture. 

 
Figure S3. X-ray diffraction spectra of the SiO2/Si samples implanted with Ga+ and O+ ions after 
final annealing at 900 °C. 
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