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35 T . . (ML) of GaAs sandwiched by 20 ML of AlAs in the
(a) Np : 6 GaAs + 6 AlAs [001] dirgction andN ML of QaAg sur.rounded by 20 ML
a6 L | of AlAs in the [110] andf110g directions. Thus, when
Ni: (-6,6)r +(-5,5)x N — “ the quantum dot merges into 20 3 20 [001]
_ superlattice. The pressure dependence of the transition
37 T ®(X10) energies and of the momentum matrix element for &
140 quantum dot are shown in Figs. 2(b) and 2(c) (where
38 F the supercell contain® 3 10° atoms). The calculation
takes, 30 min on a IBM R$6000 work station model 590
20 for one pressure value. We find that tBeX coupling in

s _ these QD’s issmallerthan in the correspondingp 3 20
superlattice [compare Fig. 2(a)]. Furthermore, as shown in
Fig. 4, the anticrossing gapEmin (> 2Vsx in two level
systems) in dots does not approach the superlattice value
whenN increases. There are two reasons for this: (i) For
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37k small dots, the 20 ML barrier region of AlAs in [110] and
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FIG. 1. Energy of the three lowest conduction states at the 5 172 | i
G point of (001)sGaAsl,ysAlAsd, superlattices, obtained using [f] X
different truncations (insets) in the number of bahisand the r
number ofk pointsNy in Eq. (3). g X )
171 ! ' ! '
distance between th& and X curves, is 0.9 meV for . . . .
n > 20. This value should be compar(_ed with 1.2 meV 173 (b) Quantum dot
we obtained from an exact calculation (i.e., no truncation T
in Ng or Ng). Figure 2(c) shows the VBM- CBM > X
(conduction-band minimum) momentum transition matrix ~
elementkcyemiplcceml|? as a function of pressure. We E‘o 17 \
see that unlike alloys [3], the transition in superlattices g /\
(and dots) imotfirst order. The finite5-X couplingVesx =
leads to the presence of sor@echaracter even in the r
“indirect gap region” P $ P.), producing therea finite 171 . ) ) .
optical transition probability 1€ ‘ — . .
In the above calculations we assumed ideal, sharp in- SN - (©)
terfaces. To see whether interfacial roughness, present 2 oaab : i
in real samples, can quench tBeX coupling, we have L =

comparedVgx for sGaAslyysAlAsd, superlattices with
sharp interfaces and with realistic segregated profiles ob-
tained by solving the segregation equation [27]. The re-
sults (Fig. 3) show that while segregation redudks
by about a factor of 2, the odd-even oscillations of
Vex with the periodn are not washed out. In fact,
while for abruptSL’s [Fig. 3(a)],Vex > 0 for n > odd,
in segregated SL'sYgx & 0 for n > even [Fig. 3(b)].
Our calculatedVgx > 1.24 meV for a sharpGaAshiy  FIG. 2. Pressure dependence of the transition energies from
sAlAsdyg SL, is in excellent agreement with the experi-the VBM to the G and X-derived conduction bands (a) and
mental (] value of 125 me\’ Cpotacs 30’ i 5 S S dor e i

. T i~ Superlal .
AIX\éen’?:t)r(ithtlfl'd(ﬁtoxm%OaL:glL?]g;?liﬁglzﬁﬁydffg)e(rzgi(;ﬁﬁg n in part (@) show theés and X wave functions along the [001]
d : . direction of the superlattice. The dashed line in part (c) gives
in quantum dots and superlattices, we have chosen @e SL transition probability expected in the absenceGeX
particular dot geometry (inset of Fig. 4): 20 monolayerscoupling.
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