2D Gas-Crystal Phase Transformation for Excitons in Double Quantum Well Structure with Spatial Separation of Carriers
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The interaction of excitons in quantum wells attracts attention during the last decade. Particularly, the possibility of Bose-Einstein condensation is discussed. The purpose of the presentation is to consider an alternative option of collective behavior of the interacting excitons.

Possibility of the triangular exciton lattice formation in two-layer structure with spatially separated electrons and holes is demonstrated theoretically in this work.  The consideration is carried out under conditions of low exciton density when the average distances between excitons are much more a single exciton in-plane size. 

It is shown that Coulomb energy of such a lattice is less than Coulomb energy of the exciton gas. The results of the free energy calculations for the rare 2D exciton gas and 2D Wigner-like crystal with triangular lattice are given. Basing on these results, we discuss the phase equilibrium in the system exciton crystal – exciton gas.

It is shown that such a kind of crystal phase might be observable at reasonably temperatures and the exciton densities.

The difference in capacitance of the exciton gas and lattice is demonstrated.

The shifts of luminescence lines are calculated for both exciton lattice and gas. 

It is shown that, in the region of exciton lattice – exciton gas thermodynamic equilibrium, the luminescence line splits on two lines corresponding to the solid and gas phases.
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