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When a coherently grown (OOl)-oriented layer of InAs is embedded in a GaAs host, the coherency 
strain induces a perpendicular distortion of the embedded layer, predicted by continuum elasticity 
theory to be e,=7.3%. Brandt, Ploog, Bierwolf, and Hohenstein, [Phys. to the plane of the layer in re- 

sponse to the distortion of its lattice parameter parallel to the 
plane. Since surface effects are absent, the amount of the 
distortion can be accurately calculated by minimizing the 
bulk energy as a function of all the structural degrees of 
freedom. The simplest way to approximate this is to use 
harmonic continuum elasticity theory (see, e.g., Ref. 1). For 
example, for cubic materials with a layer orientation parallel 
to (OOl), the perpendicular strain E~=(c--~,,)/a, is related1 to 
the parallel strain ql=-(a,--a&z,, by 

Cl2 
EL=-2 ~ e/j, 

Cl1 

where the Cii are elastic constants of the embedded material. 
For example, with the measured2 C,,=O.8329 and 
Cr,=O.4526 (Tdyn/cm2) for InAs, Eq. (1) predicts 
~,=7.27% for a layer of InAs buried in GaAs. 

Recently, Brandt d aL3 examined the strain of buried 
(001) layers of InAs in GaAs experimentally, via a high- 
resolution electron microscopic (HREM) analysis. For a 
single layer of InAs they found a lattice distortion corre- 
sponding to eI = 12.46%, much greater than the prediction of 
Eq. (1). In contrast, the same measurement technique, ap- 
plied to a three monolayer film of InAs revealed a lattice 
distortion corresponding to ~~=6.96%, in good agreement 
with Eq. (1). Thus, they concluded that the widely used har- 
monic elasticity theory breaks down in parallel to 

[OOlJ, and the nonuniformity of these interplanar relaxations 
near the interfaces is quite small. We will see below that 
these do not substantially alter the applicability of the simple 
picture provided by continuum elasticity theory. Regarding 
(3), the question of thickness dependence has, until recently, 
been untested in semiconductor layers.5 One might imagine, 
e.g., that as the separation between two interfaces becomes 
small, interaction between them might substantially alter the 
relaxations, invalidating the results of continuum elasticity 
theory. 

in view of the unprecedented result of Brandt et 

al.,” we 
tested the validity of Eq. (1) via an atomistic, nonharmonic, 
first-principles theory of the relaxations of such a system to 
determine whether it would reveal the breakdown ostensibly 
demonstrated in the experiment. Our first-principles results 
in no way depend upon Eq. (1) or the approximations on 
which it is based. We found good agreement with Eq. (1) and 
no theoretical evidence for such a breakdown, in spite of 
using state of the art techniques for relaxing the total energy 
of the system as a function of its structural parameters. 

Our tests improve on harmonic continuum elasticity 
theory in two steps. First, we replace the continuum ap- 
proach by a discrete atomistic approach, still limited to 
purely elastic energies. This is done with the Keating 
valence-force-field (VFF) model,6-8 which uses a description 
in terms of microscopic quantities, the two-body bond- 
stretching and three-body bond-bending elastic energies. The 
strain energy is minimized as a function of all the structural 
degrees of freedom, not just the distortion of the embedded 
layer. This circumvents objections regarding behavior in the 
atomically thin limit. Second, we include all major contribu- 
tions to the total energy, not just the elastic contribution, 
using density functional theory in the local density approxi- 
mation (LDA). With the total energy represented as a fimc- 
tional of the electron density of the system, all contributions 
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