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Importance of the Microscopic Wave Function in
Envelope-Function Theory

In two recent Letters [1,2], Krebset al. discuss experi-
mental data showing strong polarization anisotropy in t
optical absorption spectra of zinc-blende semiconduc
heterostructures. They interpret the data using a heuri
envelope-function (EF) model that incorporates the redu
tion in crystal symmetry (fromTd to C2y) caused by a
[001] heterojunction or electric field. This loss of sym
metry generates a mixing between heavy and light ho
even at zero in-plane wave vector, an effect not includ
in conventional EF models.

The purpose of this Comment is to point out tha
although their model does capture the qualitative featu
of the broken symmetry, its numerical prediction for th
mixing strength is not reliable because it is inconsiste
with the microscopic potential energy and wave functio
Furthermore, the model is not even self-consistent, sin
the bulk electric-field mixing (i.e., the Pockels effect
changes sign when one changes the definition of the u
cell. A solution to both problems is presented here.

The correct way to describe interband mixing has be
known for many years: It is given by Eq. (II.19) of Lut-
tinger and Kohn’s (LK’s) paper on effective-mass theor
[3]. The LK representation of the wave function is a
exact representation valid for any microscopic potenti
including that of a heterostructure under an applied ele
tric field. Burt has used this representation to obtain
exact envelope-function theory [4] by transforming LK’
Eq. (II.14) directly fromk space tor space, avoiding the
usual “gentle potential” approximation (II.21). The au
thor has shown that Burt’s interface Hamiltonian may b
interpreted as a simple unit-cell average of the micr
scopic Hamiltonian and Bloch functions [5]. This unit
cell average gives the same interband mixing strength
Eq. (II.19) of Ref. [3].

The calculations of Ref. [5] show that, contrary t
the claims in Refs. [1] and [2], the mixing strength a
a heterojunction generally cannot be predicted from t
band offsets between the materials. It depends stron
on the details of the microscopic interface potential, a
potentials with the same band offsets can give rise
coupling strengths differing by more than an order o
magnitude [5]. Therefore, in a heuristic theory such
Krebs and Voisin’s [1], the mixing strength must alway
be treated as a fitting parameter (as it is in the symmet
based theory of Ivchenkoet al. [6]).

The electric-field dependence of the mixing in Kreb
and Voisin’s “HBF” model is determined from the postu-
late that the first-order correction to standard EF theo
is proportional to the first derivative of a slowly varying
0031-9007y99y82(6)y1339(1)$15.00
he
tor
stic
c-

-
les
ed

t,
res
e
nt
n.
ce
)
nit

en

y
n
al,
c-

an
s

-
e
o-
-
as

o
t
he
gly
nd
to
f

as
s
ry-

s

ry

potential. This sounds reasonable at first, but it contr
dicts LK’s Eq. (II.19), which shows that the coupling is
a mixture of the properties of the potential and the Bloc
functions, and cannot be written in terms of the potent
alone. Inspection of LK’s Eqs. (II.14) and (II.19) show
that a slowly varying potential mixes only those parts o
the EFs near the Brillouin zone boundary; consequent
the mixing is usually neglected for slowly varying EFs
It clearly does not have the form of the overlap integr
given in Eq. (1) of Ref. [1].

In addition to this discrepancy with microscopic theory
the HBF Hamiltonian is found upon closer examina
tion to be internally inconsistent. The potential in thi
model is defined as [1]VBFszd ­

P
l hsz 2 zld hfV szld 2

say4ddVydzgB 1 fV szld 1 say4ddVydzgFj, whereV szd
is the external potential,a is the lattice constant,hsz 2

zld is a unit step of widthay2 centered on thelth plane of
anions, andB andF are projection operators forp orbitals
lying in s 1̄10d and (110) planes. As stated in Ref. [1], th
choice of anion planes as a reference is arbitrary, so
predictions of the model should not depend on wheth
zl refers to cations or anions (this is nothing more tha
a choice of how the crystal is partitioned into unit cells
However, sinces 1̄10d bonds lie to the left of anions but to
the right of cations, switching to a cation reference inte
changes theB and F operators inVBFszd. This changes
the sign of the Pockels-effect matrix element in Eq. (
of Ref. [1], a clear indication that the model is physicall
invalid.

All of these problems can be avoided if one keeps
mind a simple but often overlooked fact: An envelop
function is not an independent entity—it is a quantit
derivedfrom the microscopic wave function [3].
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