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Photoluminescence under pressure of ultrathin AlAs layers grown on GaAs vicinal surfaces:
A search for lateral confinement effects
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In Al 3Gag ;As/GaAs quantum wells bordered by ultrathin (one or two monolayers) AlAs layers, the
AlAs layer has been shown to provide a well for electrons at high pressure [Phys. Rev. B 45, 11 846
(1992)]. In this work, the same type of structures, but grown on (001) substrates misoriented towards
(111)Ga, are studied by photoluminescence as a function of pressure, and a comparison is made with
those grown on nominal substrates in order to investigate the influence of surface steps on electronic lev-
els. Particular emphasis is given to indirect type-II transitions. An important blueshift of indirect tran-
sitions is observed in the case of two AlAs monolayers grown on a vicinal substrate. The size of this
shift may be explained considering diffusion of carriers by the interface steps, or also lateral confinement.
Inversely, a redshift is observed in the one AlAs monolayer sample. We suggest that this.last point may

be due to terrace length fluctuations.

I. INTRODUCTION

Semiconductor heterostructures exhibiting two-
dimensional confinement (i.e., quantum wires) have been
the object of extensive research, both experimentally! >
and theoretically,’ ° not only in the framework of novel
physical properties, but also in view of their technological
applications. Increased carrier mobilities® and low lasing
threshold® [relative to quantum wells (QW’s)] are expect-
ed from these structures; lasers incorporating quantum
wires have already been demonstrated.’ On the other
hand, some intrinsic limitations have been put forward
that could prevent the expected improvement of op-
toelectronic properties.!® Various methods may be used
in order to obtain these geometries, such as e-beam
lithography or reactive ion etching®!® (with or without
overgrowth), patterned Ga implantation,!! and epitaxial
growth on patterned substrates.’ In particular, epitaxial
growth on misoriented substrates has been used for the
elaboration of quantum-wire arrays,' corrugated interface
QW’s,? tilted superlattices,'? and serpentine superlat-
tices.!

In a recent high-pressure photoluminescence (PL)
study, it was shown that in single
Al ;Gag ;As/AlAs/GaAs/AlAs/Al, ;Gag ;As  double-
barrier quantum wells (DBQW?’s), ultrathin [one or two
monolayers (ML)] AlAs layers can form a well and bind
electrons. This is due to the large valence-band offset be-
tween GaAs and AlAs on one side, and Alj ;Gag ;As and
AlAs on the other side, in addition to the large X, elec-
tron mass. Under pressure, this results in a type-II
configuration, where electrons and holes are not confined
in the same layer of the heterostructure. It was observed
that the monolayers or bilayers of AlAs on nominal sur-
faces could be considered as uniform within the experi-
mental limits. Moreover, it was shown that the electron
confinement energy in one and two AlAs monolayers was
satisfactorily obtained via the envelope-function formal-
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ism. If such structures are grown on a vicinal (001) sur-
face with a regular array of steps, it appears that the
height of the atomic steps (1 ML) is of the same order of
magnitude as the width of the confining potential for
electrons (1-2 ML), as sketched in Fig. 1. This can
prove useful for studying lateral confinement effects in
the high confinement limit. In particular, it should be
noted that such additional lateral confinement affects
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FIG. 1. Schematics of ultrathin AlAs layers sandwiched be-
tween GaAs and Alj ;Gag ;As on vicinal surfaces. (a) Two AlAs
ML on an ideal vicinal surface. (b) One AlAs ML on an ideal
vicinal surface. (c) A simplified view of the effect of step growth
of one AlAs ML on a vicinal surface exhibiting terrace length
disorder. (d) The scheme of the X conduction band of
GaAs/AlAs/Aly 3Gag ;As heterostructures (strain effects are
omitted for simplicity).
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only electrons, whereas holes stay confined in a broader
GaAs quantum well.

This work reports a high-pressure PL study of the
same DBQW structures as those studied in Ref. 14, but
grown on (001) substrates slightly misoriented toward
(111)Ga. The results are compared with those obtained
on structures grown in the same run on nominal (001)
substrates. Particular emphasis is given to the type-II
pressure regime, in order to study the influence of steps
on the electron states confined in ultrathin A1As QW’s.

After a brief presentation of the experimental part of
this work (Sec. II), the results will be presented in Sec. II1
and discussed in Sec. IV.

II. EXPERIMENT

Details of the molecular-beam epitaxy (MBE) of the
samples can be found in Refs. 14 and 15. The samples
consisted of a 1-um-thick GaAs buffer layer followed by
three GaAs QW’s of width 80, 40, and 20 A embedded in
500-A-thick Alj ;Ga, ;As barriers. At each well-barrier
interface, a thin AlAs layer of width one monolayer [sam-
ples DBQW (1 ML)] or two monolayers [samples DBQW
(2 ML)] is inserted. The high-pressure PL properties of
the samples grown on nominal substrates are discussed in
Ref. 14. Two pieces of the same misoriented substrate
were used for the two misoriented samples studied.
Nominal and vicinal substrates were placed at the same
distance from the center of the rotating substrate holder,
in order to improve homogeneity among samples. The
vicinal substrate misorientation is 4° toward (111)Ga (40-
A average step distance). This misorientation (where
edges are oriented along the [ —110] axis) is known to
favor smooth step edges'® ™ !® and results in optimized op-
tical properties relative to the perpendicular misorienta-
tion toward (111)As.!8720

PL was measured at 5 K in a diamond anvil cell using
argon as a pressure transmitting medium. It was excited
usmg the 4880-A line of an argon laser and detected us-
ing a cooled GaAs photocathode photomultiplier. De-
tails of the experimental setup can be found in Refs. 14
and 21.

III. RESULTS

Before presenting the high-pressure PL properties of
the QW’s grown on vicinal surfaces, we recall their PL
properties at ambient pressure. Whereas the PL spectra
of QW’s grown on substrates misoriented toward (111)As
exhibit strong redshift and a substantial broadening, this
is not the case for QW’s grown on (111)Ga sub-
strates.'®!%22 Indeed, sharp features are obtained for this
latter kind of misorientation, due to “pseudosmooth’ in-
terfaces.!® However, again for the latter case, whereas
the QW luminescence lies at about the same (or slightly
redshifted) energy as that of QW’s grown on nominal sub-
strates, a systematic blueshift of PL excitation line ener-
gies is observed. This blueshift is slightly sample depen-
dent, but the overall trend is a decrease with well-width
increase.'®? This is shown in Fig. 2 for various QW
samples on 4° misoriented samples. This blueshift of in-
trinsic transitions has recently been interpreted as being
due to the scattering of carriers due to the superlattice

6 T T T T T
(AL,Ga)As/GaAs QWs
B 4° off 7]
X
E
m
0
0

QW Width (ML)

FIG. 2. Blueshift of the e;hh, PL excitation lines for various
Aly ;Gap ;As/GaAs quantum wells grown on a 4° off-substrate
relative to wells grown on nominal substrates. Experimental
data are from Refs. 18 (closed symbols) and 23 (open symbols).
The solid line results from the model in Appendix A.

potential induced by the interface steps.”*> In Appendix
A, we propose a simple approach to this problem that
will prove useful in the rest of this paper. The result of
this model, shown as a solid line in Fig. 2, gives a reason-
able account of the atmospheric pressure experimental
observations on Alj ;Gay 70As/GaAs QW’s.

We now turn. to the high-pressure PL properties of
DBQW'’s grown on vicinal surfaces. We shall start with
the comparison of samples DBQW (2 ML) (i.e., with two
AlAs monolayers on both sides of the well) grown on
nominal and vicinal surfaces (hereafter nominal and vici-
nal samples). The PL spectra of samples DBQW (2 ML)
at two different pressures are compared in Figs. 3(a ) and
3(b). At 1.3 GPa [Fig. 3(a)], the 80- and 40- A-wide wells
are direct (type I) and are slightly redshifted in the vicinal
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FIG. 3. Photoluminescence spectra at 1.3 and 1.8 GPa of
QW’s bordered by two AlAs monolayers [DBQW (2 ML)]
grown on nominal and vicinal substrates.
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sample relative to the nominal one. In contrast, the 20-
A-wide well is indirect (type II, with the electron in the
AlAs bilayer'*), and the PL of the well in the vicinal sam-
ple is now blueshifted (by 20 meV) relative to the nominal
one. At 1.8 GPa [Fig. 3(b)], both the 40- and 20-A-wide
wells are indirect, and a similar blueshift of the wells of
the vicinal sample is observed. Another point to be noted
in Fig. 3 is that the intensity of type-1I wells relative to
that of type I at a given pressure is lower in the vicinal
sample than in the nominal one. Also, phonon coupling
appears to be stronger. In Fig. 3, the phonon replica la-
beled Y2 and Y3, following the notation of Skolnick
et al.,?* correspond to GaAs-like and AlAs-like optical
phonons.

The pressure dependence of the PL transition energies
of the vicinal sample DBQW (2 ML) are given in Fig. 4.
In this figure, the transitions labeled D and NX corre-
spond, respectively, to donor-bound and nitrogen-bound
exciton recombinations in bulk GaAs.!*?>2% These tran-
sitions can serve as an internal pressure calibration,
though pressure is monitored by the R1 ruby lumines-
cence scale.”’ Linear least-squares fits of the QW transi-
tion energies are shown as solid lines in Fig. 4. Also
shown as dashed lines are the results obtained for the
nominal sample, as given in Ref. 14. The PL energies of
the direct (type-I) wells are nearly the same in the nomi-
nal and vicinal samples. Actually, due to the large pres-
sure coefficient of I' transitions (=~ 100 meV/GPa), the
slight differences observed are within the precision of the
ruby scale. On the other hand, Fig. 4 shows evidence of a
systematic and large blueshift of type-II PL transitions of
the vicinal sample for the three GaAs well widths. The
pressure dependence of type-II transition energies of both
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FIG. 4. Pressure dependence of the luminescence energies of
QW’s bordered by two AlAs monolayers grown on a vicinal sur-
face. The solid lines are least-squares fits to the data. For com-
parison, the same data for a sample grown on a nominal sub-
strate (Ref. 14) are shown as dashed lines.
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samples is given in Table I. On the average, the blueshift
is 20 meV forothe well width of 20 ;\, and 19 meV for that
of width 40 A. Only a few data points are available for
the 80-A-wide well, but their blueshift is also 20 meV on
average. As mentioned in Ref. 14, in each sample the
electron state involved in the type-1I PL recombination is
of the same kind for the three wells, i.e., a confined state
in a 2-ML AlAs well [see Fig. 1(d)]. It is then reasonable
to conclude that the large blueshift measured is mainly
due to an increase in the electron confinement energy.

We now turn to the sample DBQW (1 ML), i.e., with
one AlAs ML border. It should be noted that in the
nominal sample, the electron confinement energy in AlAs
is large [189 meV (Ref. 14)], resulting in a very low bind-
ing energy relative to the Al, ;Ga, ;As barrier (increasing
with pressure between 5 and 10 meV). Qualitatively, any
increase in confinement energy due to the step array, as
reported above, will push the electron state nearer to the
barrier level, resulting in a spreading of the wave function
in the barrier, and eventually a delocalization. A de-
crease in the type-II optical oscillator strength is then ex-
pected.

Figure 5 compares the PL spectra of nominal and vici-
nal DBQW (1 ML) samples at P~1.5 GPa. At that pres-
sure, the 20-A-wide well is type II. A strong decrease of
type-II PL intensity of the vicinal sample is observed.
However, contrary to the preceding case, the type-II PL
of the vicinal sample [Fig. 5(b)] is redshifted relative to
the nominal one [Fig. 5(a)]. Moreover, in Figs. 5(b) and
5(c) we show the spectra of two different pieces of the vi-
cinal sample (two different pressure runs). The type-II
transitions in both chips exhibit a stronger phonon cou-
pling than the nominal sample, but the line shapes are
different. In Fig. 5(b), the zero phonon line is stronger,
but in Fig. 5(c), phonon replicas are more intense than
the zero phonon line [in the language of short-period su-
perlattices, the spectrum of Fig. 5(b) is that of a pseudo-
direct transition, and that of Fig. 5(c) of an indirect tran-
sition?®]. This can be considered as an illustration of dis-
order and inhomogeneities in this sample, as discussed
below (Sec. IV).

Spectra at a higher pressure (3.4 GPa) are shown in
Fig. 6. At this pressure, all three wells in samples

TABLE I. Pressure dependence of type-II transition energies

in the nominal (Ref. 14) and vicinal samples
[E(P)=E(0)+ayP].
GaAs ay
Sample well width (A) E(0) (V) (meV/GPa)
DBQW (2 ML) 20 1.990 —20
vicinal
40 1.910 —23
DBQW (2 ML) 20 1.969 —19.7
nominal
40 1.888 —21.3
DBQW (1 ML) 20 1.987 —18
vicinal
DBQW (1 ML) 20 2.002 —19.2
nominal
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FIG. 5. Photoluminescence spectra at P=1.5 GPa of QW’s
bordered by one AlAs monolayer [DBQW (1 ML)] grown on
nominal and vicinal substrates.

DBQW (1 ML) are type II. It should be noted that,
whereas in the nominal sample emission from the three
QW’s is still detectable and as intense as PL from the
buffer,'* in the vicinal sample the QW PL is almost total-
ly quenched, except for a weak signal from the 20- A well
that is again redshifted relative to the nominal sample
well. Actually, the PL of the vicinal sample at high pres-
sure is dominated by transitions originating from the
GaAs bulk, which is principally composed of a multiplet
labeled M in Figs. 6 and 7. This multiplet, of unknown
origin, does not seem to include single nitrogen-bound ex-
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FIG. 6. Comparison of the photoluminescence spectra at 3.4
GPa of QW’s bordered by one AlAs monolayer grown on nomi-
nal and vicinal substrates. Also shown is the spectrum of a
standard Aly ;Gag ;As/GaAs QW (i.e., with no AlAs borders).
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FIG. 7. Pressure dependence of the photoluminescence ener-
gies of QW’s bordered by one AlAs monolayer grown on a vici-
nal substrate. Solid lines are fits to the data. For comparison,
the results of a sample grown on a nominal sample (Ref. 14) are
shown as dashed lines.
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citons (NX, detected in the other samples), since we do
not observe the typical phonon train of NX (with a
Huang-Rhys factor of 0.3). However, nitrogen is likely to
take part in this feature, exhibiting the same pressure
dependence as NX (compare Figs. 7 and 4). The M pho-
toluminescence feature appears as an efficient recombina-
tion channel in bulk GaAs, and the energy of the GaAs
direct excitonic gap was measured by absorption, as
shown in Fig. 6. However, apart from the differences in
buffer PL, the point we want to emphasize in Fig. 6 is
that, regarding QW PL intensities at high pressure, the
vicinal DBQW (1 ML) sample is more similar to that of
QW’s grown without AlAs (shown in Fig. 6 for compar-
ison) than to that of the nominal sample, i.e., QW
luminescence is almost totally quenched.

The pressure dependence of the PL energies of sample
DBQW (1 ML) are plotted in Fig. 7. As in Fig. 4, solid
lines denote fits to the data on the vicinal sample,
whereas dashed lines are fits obtained to the nominal one
(from Ref. 14). Indirect transitions originating from the
40- and the 80-A well are also redshifted in the vicinal
sample relative to the nominal one. However, due to
overlap with the broad phonon train of the 20- A well, it
is not clear whether the type-II transitions of the 40- and
80-A wells reported in Fig. 7 are zero phonon lines. The
energy pressure relation of the 20-A well in both samples
is given in Table I.

IV. DISCUSSION

From the preceding section, it is clear that due to the
different results obtained in the two series of samples,
they should be discussed separately.
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Since one of the main effects expected from the addi-
tional confinement provided by steps on electrons in
AlAs wells is a blueshift, it is easier first to discuss sam-
ples DBQW (2 ML). The most important feature ob-
served is a blueshift of 19-20 meV of type-II transitions
for the sample grown on the vicinal surface. Since the
confinement energy of electrons on nominal 1- and 2-
ML-wide wells is experimentally known (189 and 144
meV, respectively!#), the model of Appendix A can be
used. Using Eq. (A2), a blueshift of the electron state of 4
meV is expected. Adding the hole contribution results in
expected blueshifts of 6 and 5 meV for the 20- and 40-
(and 80) -A-wide wells. It is rather fair that a simple per-
turbative treatment without adjustable parameters gives
the right order of magnitude in a situation corresponding
to the complicated geometry shown in Fig. 1(a). Howev-
er, the effect of steps is underestimated. A possible
reason for this can be found by inspecting Fig. 1. For
very small well widths (we are dealing with 1- or 2-ML
electron wells), the definition of the perturbing potential
in Appendix A may no longer be valid. Actually, for a
1-ML-wide well, this potential is the difference between
the bottom of the AlAs conduction band and that of the
barrier (=210 meV) as shown in Fig. 1(b) [using this lim-
iting potential height and Eq. (A2) gives blueshifts of 18
and 17 meV for the 20- and 40- (and 80) -A wells; howev-
er, the rather good agreement with experiment is fortui-
tous, since a perturbative approach is not valid in this
case].

So far, steps have been considered as generating an ar-
ray of diffusive potentials for carriers. The other extreme
situation is when carriers are confined by the steps, i.e.,
the quantum-wire case. In Appendix B we show the sim-
plest model of an isolated two AlAs ML wide quantum
wire.> Though, as stated in the Appendix, the approxi-
mations made are very rough, and the model potential
used hardly reflects the actual situation, we shall use it to
get an idea of the lateral dimension involved in lateral
confinement, if there is any. A blueshift of 20 meV would
correspond to a quantum wire = 55- A wide according to
Fig. 9. This rough agreement with the step length (40 A)
shows that the lateral confinement can also provide an
explanation of the large high-energy shift of type-II tran-
sitions measured in the vicinal DBQW (2 ML) sample.

On the other hand, it can be seen in Fig. 9 that lateral
confinement pushes the ground state X, level of the AlAs
well toward higher-lying X, , states (either confined states
or the barrier level). This increases the mixing between
these states. It is known from uniaxial stress experiments
that X and X states do mix in short-period nominal su-
perlattlces The intentional presence of surface steps in
our sample is expected to increase this mixing. This can
tentatively explain the stronger phonon coupling of type-
IT transitions in the vicinal sample reported in Fig. 3.

We shall now discuss the results obtained with samples
DBQW (1 ML). In Sec. III, we have shown that type-II
photoluminescence is almost totally quenched in the vici-
nal sample, but is shifted toward lower energies relative
to the nominal sample. As already stated, since the bind-
ing energy of electrons relative to the Al ;Ga, ;As bar-
rier is very low (5-10 meV), no blueshift as high as for

sample DBQW (2 ML) can be expected (using the model
in Appendix A leads to increased energies of only 0.5-1
meV for electrons). However, any pushing of electron
levels nearer to the Al,;Gag;As level will result in a
greater spreading of the electron wave function in the
barrier, and then a decrease in the type-II radiative life-
time.!* This may provide a first explanation of the low
PL efficiency of the vicinal sample (and also, as previous-
ly, to the stronger phonon coupling). But repulsive su-
perlattices or lateral confinement effects, even weak, can-
not explain a redshift. A first explanation for this could
be poor quality of the vicinal DBQW (1 ML) sample, re-
sulting in a strong localization of excitons. This cannot
be discarded, since even the GaAs buffer PL spectra are
different between the nominal and vicinal samples, as
shown in Fig. 6.

Another tentative explanation can be given that relies
on specific growth mechanisms of molecular-beam epi-
taxy (step flow growth). On a nominal sample, 1-ML is-
lands are formed that accommodate incident atoms at
their edges (steps) until coalescence. On a vicinal sub-
strate, misorientation-induced steps provide the nu-
cleation sites for step flow. The result of the step flow
growth of one A1As ML on a misoriented surface exhibit-
ing terrace length disorder is schematized in Fig. 1(c).
The terrace length fluctuates around its average value im-
posed by the misorientation angle. This is the simplest
type of disorder to be envisaged, and it is experimentally
known to exist even in surfaces misoriented toward
(11DGa.'” From Fig. 1(c), it can be seen that idealized
step flow growth of one AlAs ML on such a surface re-
sults in strong chemical disorder: regions appear with no
AlAs at all, whereas wires 2 ML wide are also formed.
Obviously, various situations can be encountered and the
transition energies associated with them have been calcu-
lated using the envelope-function formalism and the same
approximations as in Ref. 14, that have proven successful
in accounting for the nominal sample case. From these
calculations, it appears that the pressure dependence of
the PL energy of the type-1I 20- A-wide well in the vicinal
sample DBQW (1 ML) is well accounted for either by
considering sample regions with no AlAs (barrier con-
duction band to heavy hole in the GaAs well with no
AlAs border), or also by considering transitions involving
an electron in a two AlAs ML wide quantum wire. In the
latter case, the wire is estimated to be ~50 A large, using
the approximations of Appendix B. These two situations
are shown in Fig. 1(c). In fact, step-induced disorder, at
the scale of a 1-ML-wide QW, can lead to many different
configurations, all of which we have not considered. But
the point we wanted to stress is that the simple example
of disorder sketched in Fig. 1(c) may give an explanation
to the observation of PL transitions lower in energy in
the vicinal than in the nominal DBQW (1 ML) sample.

At this point, three explanations for the poor type-II
PL efficiency of the vicinal DBQW (1 ML) sample may be
given: (i) the pushing of the electron states toward the
barrier level, resulting in an increase in radiative lifetime
(this tends to the case of a type-II QW with no AlAs
monolayer'*); (i) the low filling factor of disordered is-
lands seen in luminescence; and (iii) the lower sample
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quality, resulting in shorter nonradiative lifetimes, cannot
be discarded.

V. CONCLUSIONS

The influence of monomolecular potential steps on the
electronic properties of the ultrathin electron quantum
wells has been studied through the high-pressure type-II
photoluminescence in double-barrier Alj ;Gag ,As/
AlAs/GaAs quantum wells grown on substrates
misoriented by 4° toward (111)Ga. A strong increase in
electron confinement energy of =20 meV due to the bar-
rier steps has been observed in two AlAs monolayer wide
wells. Simple envelope-function arguments, involving ei-
ther carrier diffusion by step, or even step-induced lateral
confinement, can account for the size of this effect. On
the other hand, in the case of one AlAs monolayer wide
electron wells grown on a vicinal surface, a strong
quenching of type-II PL intensity is observed that may be
due to the pushing of electron states toward the barrier
level. The lower energies of type-II transitions observed
in this case may be satisfactorily accounted for by consid-
ering the chemical disorder, induced by step disorder, at
the monolayer scale. It is expected that other growth
conditions, for instance use of optimum misorientation
angles,'® can improve this latter result.

Finally, it should be noted that sample geometries can
be constructed where the type-II configuration (with elec-
trons in the ultrathin AlAs layer) is the ground state at
atmospheric pressure. The findings about such samples
will be the object of a future paper.
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APPENDIX A

In this appendix, a simple approach to the problem of
blueshifted transitions in QW’s grown on vicinal surfaces
(relative to nominal surfaces), without adjustable parame-
ters, will be given. It is very tractable and gives a reason-
able account of the experimental observations for QW’s
larger than the terrace width (Fig. 2). The main ideas are
the same as those of Ref. 23; that is, a perturbative model
in which the step arrays are represented by a repulsive
potential superlattice.

As shown in Fig. 8, an ideal representation of the
growth of a perfect n-ML-wide QW grown on a regular
array of steps results in a regular squeezing of the QW
width (this is an explanation for the repulsive nature of
the potential). As also sketched in Fig. 8, since this
squeezing occurs only on one regularly spaced lattice site,
it may be represented as the usual Dirac comb. Still from
a perturbative point of view, the potential strength ¥
can be approximated by the difference in confinement en-
ergies between an (n —1) and an » monolayer wide well:

Vo=Voe+ Von

=E,(n —1)—E,(n)+E(n —1)—E, (n) , (A1)
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FIG. 8. Scheme of a wide QW grown on a regular array of
steps, and of the model potential used.

where E,(n) [Ey,(n)] are the confinement energies of
electrons (holes) in an n-ML-wide QW. In this expres-
sion, the influence of steps on both electrons and holes
has been included (we neglect the influence of steps on
the exciton Rydberg). Since this definition gives a poten-
tial with the dimension of an energy, it has to be expend-
ed on a lattice (see Fig. 8): V(R,)=ZX,¥,8,,, with p, g,

. . . p,rq
and r integers and 8 the dimensionless Kronecker sym-

bol.

Using R,=x and R,,=rqa/V'2 (where a is the step
height, i.e., half the zinc-blende lattice constant, and the
V2 term comes from the fact that the step edges are
along [ —110]) and with the usual summation rules,>° one
obtains

V(x)=V,aV23,8(x —rqaV?2) ,

where 6(x) is the Dirac distribution. This leads to the
standard formulation of the Kronig-Penney Hamiltonian:

H=p?/2m—3 (#a/md)8(x —rd) ,

with m the in-plane effective mass and d =ga V"2 the su-
perlattice period. The secular equation is

cos(Kd)=cos(k)—a(k ~Ysin(k) , (A2)

where k is related to the energy via E =#%k2/2md?. For
small o and small k, the ground-state energy (K =0) is
simply given by

E=V,/q=V,g(6)V2 , (A3)
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FIG. 9. Energy levels of a two AlAs ML thin quantum wire
as a function of wire width. Strain, z confinement, and xy
confinement effects as a function of wire width L are shown.
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where 6 is the misorientation angle. This approximation
is valid for the QW’s shown in Fig. 2. For 6=4°, the
curve corresponding to E =V, /10 [with V| calculated
using the envelope-function formalism and Eq. (Al)]
gives the right order of magnitude for the blueshift of ex-
citonic transitions, at atmospheric pressure, of large
QW’s grown on vicinal surfaces (Fig. 2).

APPENDIX B

In this appendix, the simplest case of a quantum wire
will be considered.® It supposes that the xy,z dependence
of the potential is simply the sum of z-dependent poten-
tial and an xy-dependent one. Obviously, this overesti-
mates the potential strength involved in our case (see Fig.

1), since it totally neglects interwire coupling. Actually,
instead of a potential well in the corners of the ultrathin
structure, this model supposes high barriers. We shall
simply use this model in order to see if lateral
confinement (quantum-wire) effects are consistent with
the lateral dimension of the step array (40 A).

Using the envelope-function formalism, and the above
approximation (where z- and xy-confinement energies are
simply added®) gives the diagram of Fig. 9. Relative to
the lower Al 3,Ga, ;As barrier level, we show the effect
on the AlAs X conduction-band state of the band offset,
the epitaxial biaxial strain, the confinement in the growth
axis (z) direction, and the lateral (xy) confinement. Since
the above model can lead to energies higher than the bar-
rier level, only results for wide wires are shown in Fig. 9.
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