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(Received 28 June 1993; accepted 26 November 1993) 

We present a simple, linear-in-size method that enables calculation of the eigensolutions of a 
Schrodinger equation in a desired energy window. We illustrate this method by studying the 
near-gap electronic structure ofSi quantum dots with size up to Sil3lSH460 ( ;::::37 A in diameter) 
using a plane wave pseudopotential representation. 

Modem ab-initio electronic structure calculations on 
large molecules and solids are generally cast in terms of 
solutions to some effective single-particle Schrodinger 
equation 

(1) 

e.g., using the local density formalism 1 for if. These appli
cations can generally be divided into two classes. In the 
first class one investigates problems in which both the self
consistent potential vCr) and the atomic positions are not 
known in advance and thus have to be obtained from so
lutions of all occupied 1/1i based on Eq. (I). Examples in
clude surfaces with unsuspected reconstruction geome
tries2,3 or crystals and molecules with intricate patterns of 
charge transfer and hybridization. Here we address the 
second class of problems, i.e., cases where vCr) and the 
atomic geometry are either (i) known, or, (li) can be ob
tained from small-scale calculations, and one is interested 
to inspect eigensolutions only in a given energy range, e.g., 
around a band gap in insulators. An example of (i) in
cludes the study of band gap variation with size in mesos
copic quantum structures,4 where both the potential and 
the atomic geometry can be approximated as nearly bulk
like quantities. An example of (ii) is the study of band-gap 
impurity levels or superlattices, where vCr) and the atomic 
relaxations are often localized near the impurity or at the 
interface (and thus can be obtained from self-consistent 
calculations on small systems) but the wave functions ex
tend over many atomic cells.5 

Most electronic structure methods treat both classes of 
problems equally. They require solving Eq. (1) for 



Letters"to the Editor 2395 

mizations along the search directions, i.e., finding 0 in tPnew 

=tPold cos(O) +Psearch sin(O) which minimizes F. Here, 
-f~earch is the normalized search 
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