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The interface between an InAs quantum dot and its GaAs cap in “self-assembled” nanostructures is non-
homogeneously strained. We show that this strain can lead to localization of a GaAs-0ériviyge inter-
facial electron state. As hydrostatic pressure is applied, this state in the GaAs barrier turns into the conduction-
band minimum of the InAs/GaAs dot system. Strain splits the degeneracy of thistate and is predicted to
cause electrons to localize in the GaAs barrier above the pyramidal tip. Calculpt&sent work or mea-
surementltskevichet al! of the emission energy from this state to the hole state can provide the hole binding
energy,Dg'g)t. Combining this with the zero-pressure electron-hole recombination energy gives the electron
binding energy, D). Our calculations showD{) ; 270 meV -weakly pressure dependénand D)
;100 meV atP50. The measured values al{); 235 meV -weakly pressure dependénand D)
; 50 meV atP50. We examine the discrepancy between these values in the light of wave-function localiza-

tion and the pressure dependence of the hole binding eni36$63-18298106635-%

The interest in potentiabptical applications of semicon-
ductor quantum dots has concentrated attention almost en-
tirely on their direct gap electronic states, i.e., those derived
from the G point of the bulk band structure, tti®, .-derived
electron states an@s,-derived hole states. There are how-
ever, several interesting quantum dot situations in which the
lowest energy electron states of dots are derived from the
X1c point. These includei! Si quantum dot$,and SiGe
nanostructures embedded inZSij! InP nanostructures em-
bedded within GaPRefs. 3 and 4 and-iii! InAs nanostruc-
tures embedded in GaAs at a hydrostatic pressure above the
G1c2 X4, transition® In some of these casege.g.,-ii! and
~iii I#, the resulting band alignment can be typeitdirect in
both reciprocal and real space, with holes confine@-tike
states of the dot and electrons ¥iderived states of the
barrier. When a lattice mismatch between the dot and the
barrier materials also exists, the resulting strain field can lead
to localization of thes&-derived electron staté€. This can
be seen qualitatively by considering the simple case of an
isotropic sphericalinclusion in an isotropic matrix as origi-
nally derived in 1956 by EshelByo first order in the lattice
mismatche,,5(a;2a,,)/a,, wherea; anda,, are the lattice
constants of the inclusion and the matrix, respectively.
Eshelby showed that inside the sphere, only uniform hydro-
static strain exists,
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