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Porous germanium and silicon layers with metal nanoparticles fabricated by ion implantation
Experiments on formation of nanoporous and germanium and silicon layers with silver and copper nanoparticles by low-energy 
high-dose ion implantation are observed. For this task Ag+-ion implantation into monocrystalline silicone and germanium 
substrates at energy 30-40 keV with doses from 7.5·1016 to 1.5·1017 ion/cm2 was realized. Surface nanoporous semiconductor 
structures were studied by scanning electron microscopy, imaging and energy-dispersive X-ray analysis. It is demonstrated that 
nanoporous silicon and germanium with silver nanoparticles could be fabricated by Ag-ion implantation. The average sizes of 
porous holes and thickness of walls between porous in silicon are about 110-130 and 30-60 nm, respectively. Silver nanoparticles 
are synthesized and uniformly distributed over the silicon surface. In germanium, regular holes were not observed. A porous 
amorphous germanium layer of a spongy structure consisting of a network of intersecting nanofibers with an average diameter 
of ~10‒20 nm is formed. At the ends of the nanofibers, the formation of Ag nanoparticles is detected. It is found that the 
formation of pores during implantation with Ag+ ions is accomPANIed by the effective spraying of the silicon and germanium 
surface. Thus, ion implantation is suggested for industry to be used for a formation of nanoporous semiconductor thin layers 
containing metal nanoparticles, which could be easily combined with the crystalline substrates for various applications such as, 
for example, solar cell. This study was supported by the Russian Science Foundation, project no. 17-12-01176.
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