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GaN grown on Mica: polarity, strain, and strain relaxation through the formation of telephone cord buckles
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The use of exotic substrates such as lamellar ones is a current strategy to circumvent the lattice parameter mismatch issue faced when growing semiconductor materials on more conventional substrates. Here we study crystal structure, morphology and strain relaxation of GaN layers grown by molecular beam epitaxy (MBE) on muscovite mica, a transparent layered material that becomes flexible if it is sufficiently thin (tens of microns). The continuous layers obtained grow along [000-1] (N-polarity). As in pulsed laser deposition growth [1], the wurtzite [11-20] direction is aligned to the [010] direction of mica. Remarkably, depending on MBE growth conditions, almost pure zinc-blende material can be obtained. The cubic phase grows along [111] and is also N-terminated. Most interestingly, in spite of the crystallographic lattice mismatch between GaN and Mica [2], the 250 nm thick layers grow with a small compressive strain (~0.18%) that varies slightly with location. This partial relaxation is ascribed to the easy delamination of mica just below the GaN/substrate interface, while a thin layer of mica remains chemically bond to GaN. Further relaxation of GaN takes place by the formation of three-dimensional structures in the shape of telephone cord buckles, straight blisters or by more complex arrangements]. In this work we use Raman scattering and atomic force microscopy (AFM) maps to study the characteristics of GaN telephone cord buckles (width, height, period and symmetry) in relation to the compressive strain of the surrounding material, the achieved relaxation and layer adhesion. These parameters will be analyzed in comparison with the elastic model recently developed by Ni et al. [3] and the adhesion measurements proposed by Cordill et al. [4]. To the best of our knowledge, this is the first report of the formation of telephone cord buckles in GaN.
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