Electron-hole complexes localized on the quantum well interface roughnesses

M.A. Semina, R.A. Sergeev, R.A. Suris 

A.F. Ioffe Physico-Technical Institute RAS, St.-Petersburg, 194021

e-mail: msemina@yahoo.com

The effects of the in-plane localization on of the quantum well heterogeneities cause a substantial effect on the bound states of electron-hole complexes [1]. Usually the variational methods with the extremely large number of trial parameters are used for the computation of the binding energies of such systems providing high accuracy at the cost of clearness of the results [2].

Here we study theoretically the generalized model of the two-dimensional electron-hole complex localized on the quantum well interface roughness or the composition fluctuation, characterized by the independent single-particle attractive potentials for electrons and holes. Our goal is to construct the simplest trial function with minimum number of variational parameters allowing calculation the ground state binding energy of such a complex for the imperfection potentials of arbitrary shape.

The following trial function with the only fitting parameter 
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 is proposed for the electron-hole complex consisting of 
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Here 
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 is the wave function of the ground state of the complex center of mass in the total effective potential of an inhomogeneity; 
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 is the wave function of relative motion of carriers in the free complex; 
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) is the wave function of the ground state of 
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) electrons in the sum of the inhomogeneity potential and the effective Coulomb potential of the holes (electrons). Although the wave functions 
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 are not known in general case, they can be found independently by solving of corresponding Schrödinger equations with reduced number of the particles.

The applicability of the trial function has been demonstrated for the example of the two-dimensional exciton localized in the parabolic potential. Maximum relative difference between results obtained with the function described above and more flexible one (containing four trial parameters) does not exceed 20% and for the particular case, where the center of mass and relative motion variables can be separated the deviation of our approach from the exact result [3] is no more than 10%.

We present also the preliminary results for X- trion localization on the QW inhomogeneity potential.
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