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FIG. 1. Energy of the three lowest conduction states at
Ḡ point of (001)sGaAsdnysAlAsdn superlattices, obtained usin
different truncations (insets) in the number of bandsNB and the
number ofk pointsNk in Eq. (3).

distance between theG and X curves, is 0.9 meV for
n › 20. This value should be compared with 1.2 me
we obtained from an exact calculation (i.e., no truncat
in NB or Nk). Figure 2(c) shows the VBM! CBM
(conduction-band minimum) momentum transition mat
elementjkcVBMjpjcCBMlj2 as a function of pressure. W
see that unlike alloys [3], the transition in superlattic
(and dots) isnot first order. The finiteG-X couplingVGX

leads to the presence of someG character even in the
“indirect gap region” (P $ Pc), producing therea finite
optical transition probability.

In the above calculations we assumed ideal, sharp
terfaces. To see whether interfacial roughness, pre
in real samples, can quench theG-X coupling, we have
comparedVGX for sGaAsdnysAlAsdn superlattices with
sharp interfaces and with realistic segregated profiles
tained by solving the segregation equation [27]. The
sults (Fig. 3) show that while segregation reducesVGX

by about a factor of 2, the odd-even oscillations
VGX with the period n are not washed out. In fac
while for abrupt SL’s [Fig. 3(a)],VGX › 0 for n › odd,
in segregated SL’s,VGX ł 0 for n › even [Fig. 3(b)].
Our calculatedVGX › 1.24 meV for a sharpsGaAsd12y
sAlAsd28 SL, is in excellent agreement with the expe
mental [5] value of 1.25 meV.

We next studyG-X coupling in GaAs dots embedded
AlAs matrix. To compare meaningfully theG-X coupling
in quantum dots and superlattices, we have chose
particular dot geometry (inset of Fig. 4): 20 monolaye
he
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(ML) of GaAs sandwiched by 20 ML of AlAs in the
[001] direction andN ML of GaAs surrounded by 20 ML
of AlAs in the [110] andf11̄0g directions. Thus, when
N ! ‘ the quantum dot merges into a20 3 20 [001]
superlattice. The pressure dependence of the transi
energies and of the momentum matrix element for aN ›
140 quantum dot are shown in Figs. 2(b) and 2(c) (whe
the supercell contains2 3 106 atoms). The calculation
takes,30 min on a IBM RSy6000 work station model 590
for one pressure value. We find that theG-X coupling in
these QD’s issmaller than in the corresponding20 3 20
superlattice [compare Fig. 2(a)]. Furthermore, as shown
Fig. 4, the anticrossing gapDEmin (› 2VGX in two level
systems) in dots does not approach the superlattice va
whenN increases. There are two reasons for this: (i) F
small dots, the 20 ML barrier region of AlAs in [110] and

FIG. 2. Pressure dependence of the transition energies fr
the VBM to the G and X-derived conduction bands (a) and
(b) and transition probabilities (c) of asGaAsd20ysAlAsd20
superlattice and a20 3 140 3 140 quantum dot. The insets
in part (a) show theG and X wave functions along the [001]
direction of the superlattice. The dashed line in part (c) giv
the SL transition probability expected in the absence ofG-X
coupling.
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