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Irradiation-induced porosity in amorphous Germanium:
Computational Approaches

Germanium, as the prototypical semiconductor is an important material. Although commercially

it has been eclipsed by silicon, it has important applications as a high-mobility semiconductor. The 

electronic and optical properties of semiconductors are often tuned by doping, IE implanting ionic 

impurities by irradiation. At high fluences, the crystal germanium (c-Ge) structure loses its long-range 

order and is rendered amorphous (a-Ge). To avoid channeling during ion implantation, materials are 

often pre-amorphized by self-bombardment. Amorphous materials have properties distinct from their 

crystalline allomorphs which lend them well to use in photo-voltaic cells, but a theoretical 

understanding of their properties are hampered by the insufficiency of their description. 

With increasing fluences, self-bombardment can induce a continuous-to-porous transformation. 

A similar transformation, accompanied by swelling in the direction of incident ions, has been found to 

occur swift heavy ion (SHI) irradiation, although the mechanism is different. The resulting changes to 

electronic, optical and physical properties of a-Ge are of both theoretical and practical interest. It has 

been further ascertained, that with increases fluences, the pores in SHI-irradiated a-Ge agglomerate into

voids, and these voids self-organize into distinct layers. While the minimization of free surface drives 

the former effect, the latter phenomenon is not well understood.

In SHI-irradiation, incident ions induce electronic cascades, which transfer kinetic energy to the

underlying lattice (or matrix, in the amorphous case) via phonon-electron coupling and possibly 

Coulomb explosion. This results in a heat spike along the ion's path, which can be computed as an 

energy deposition profile with the aid of a two-temperature model. If kinetic energy deposition is 

sufficient to alter the material, a track will be formed along the ion's trajectory. Incident ion energies 

near the Bragg peak are sufficient to produce a column of melt in a-Ge, and the underpressure would in

equilibrium situations suffice for void formation. Crystalline germanium, by contrast, exhibits neither 

track nor void formation. Energy deposition calculations coupled with molecular dynamics simulations 

have shown in track temperatures surpassing the boiling point, indicating that vapor pressure may play 

a significant role in void formation.


