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Abstract.  A novel adaptive wavelet based method is presented that allows us to compute eigenvalues and eigenvectors 
of the electronic Schrödinger equation. Our method outperforms direct discretization methods with equidistant grid 
spacings, in particular, for problems that involve several length scales. As an application we present numerical 
evaluations of the energetically lowest exciton states for ordered and disordered semiconductor quantum wires. 
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INTRODUCTION 

Real semiconductor heterostructures, e.g., quantum 
wells and wires, which are fabricated using, e.g., 
molecular beam epitaxy, always contain a certain 
amount of disorder [1-6]. If the material contains more 
than two different atoms as in, e.g., AlxGa1-xAs the Al 
and the Ga atoms may arrange on random spatial 
positions which is known as compositional or alloy 
disorder. Another type of disorder originates from 
spatial variations of the interfaces between the 
different materials that are contained in the 
heterostructure. For example in quantum wells, the 
thickness of the well material may change by one or 
more atomic layers. Since these monolayer 
fluctuations influence the energies of the electron and 
hole states due to quantum confinement they have a 
pronounced influence on the electronic and optical 
properties. Similarly in quantum wires the thickness of 
the wire typically varies in space which leads to 
position dependent electronic and optical properties.  

In the spectral vicinity of the band gap, the optical 
absorption of semiconductor heterostructures is 
dominated by strongly absorbing bound electron-hole 
complexes, i.e., excitons [1-7]. Since disorder leads to 
position dependent electron and hole energies, also the 
energy of the excitonic resonances changes in space. 
Besides the magnitude of the disorder-induced energy 
variations, also the length scale of the disorder is of 
relevance. If the correlation length that characterizes 
the disorder-induced energy variations is smaller than 
the size of the excitons, i.e., the exciton Bohr radius 

aB, the exciton resonances are rather weakly influenced 
because they effectively average over the disorder 
variations [1,2]. In the opposite limit where the 
correlation length is much longer than the exciton 
Bohr radius the exciton energy changes smoothly in 
space following the disorder-induced energy variation. 
In any case, disorder leads to a spectral broadening of 
the excitonic resonances which is denoted as 
inhomogeneous broadening [1-6].    

In the present study, we focus on thickness 
fluctuations of semiconductor quantum wires. The 
spatial variation of the electron and hole energies is 
included in a numerical solution of the exciton 
Wannier equation in real space [1-5]. To solve the 
Wannier equation we develop a novel adaptive method 
which uses wavelets as the basis functions. It is 
demonstrated that our method is able to efficiently 
compute the energetically lowest exciton states with 
and without disorder. To obtain the same accuracy as 
calculations that use equidistant grids, significantly 
less basis functions are needed in our adaptive 
approach. After projecting out the lowest state, our 
approach can also be used to compute energetically 
higher exciton states which are required in order to 
obtain the absorption spectrum. In the future, we plan 
to combine our approach with the numerical solution 
of dynamics equations, e.g., the semiconductor Bloch 
equations, and analyze nonlinear optical properties. 
We expect that in this case adaptive grids will greatly 
reduce even more the computational complexity 
needed for the numerical experiments.  
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