Phonon transport in crystalline silicon quasi-one-dimensional heterostructures with amorphous shell
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Among the perspective research directions in modern physics the investigation of crystalline and amorphous nanostructures plays an important role [1, 2]. The effect of the drop in lattice thermal conductivity in these structures can be used in thermoelectric applications [3]. In fact, it is difficult both theoretically and practically to make a distinction between truly amorphous solids and crystalline solids if the size of the crystals are very small. Even amorphous materials have some short-range order at the atomic length scale due to the nature of chemical bonding [4]. Furthermore, in very small crystals a large fraction of the atoms are located at or near the surface of the crystal; relaxation of the surface and interfacial effects distort the atomic positions, decreasing the structural order.

For practical applications in addition to manipulating the thermal conductivity it can also be used and that amorphous form has higher dissolution rate compared to any other form. However, even the most advanced structural characterization techniques, such as x-ray diffraction and transmission electron microscopy, have difficulty in distinguishing between amorphous and crystalline structures on these length scales. Recent advancements in high-tech fabrication methods have attracted increased interest to the investigation of amorphous nano- and microstructures, e.g., silicon-based microtubes and radial superlattices with amorphous silica layers. I study phonons in crystalline silicon quantum wires with amorphous surface using the Valence Force Field approach.

Amorphization of the surface of crystalline quantum wires is modeled by stochastically varying the parameters of interatomic interactions. The phonon thermal conductivity is calculated taking into account the phonon-phonon and phonon-surface scattering. I suppose that non-zero velocity phonons, which penetrate amorphous coating, are strongly scattered there and completely removed from the heat transport. Calculations show an appreciable suppression of phonon thermal conductivity in experimentally feasible structures. Even for relatively large (cross-section dimensions of 0.5 to 1 μm) quantum wires with amorphous surface, the phonon thermal conductivity is suppressed by a factor of 1.5 to 2 as compared with fully crystalline ones of the same dimensions. The suppression significantly increases in quantum wires of smaller cross-section. 
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