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Splitting of the excitonic peak in quantum wells with interfacial roughness

Herve Castella
Department of Physics, Ohio State University, 174 West 18th Avenue, Columbus, Ohio 43210-1106
and Max-Planck-Institut fuPhysik Komplexer Systeme, tNpitzer Strasse 38, D-01187 Dresden, Germany

John W. Wilkins
Department of Physics, Ohio State University, 174 West 18th Avenue, Columbus, Ohio 43210-1106
(Received 10 August 1998

Excitons in a quantum well depend on the interfacial roughness resulting from its growth. The interface is
characterized by islands of sizeseparated by one monolayer steps across which the confining potential
decreases by, for wider wells. A natural length is the localization leng§= ##/\2MV characterizing the
minimum size island to confine an exciton. For small islangls £,), the absorption spectrum has a single
exciton peak. As the island siZzeexceeds the localization lengély, the peak gradually splits into a doublet.
Generally the spectra exhibit the following featurél: the shape is very sensitive ¢, and depends only
weakly on the ratio of island size to exciton radi(®};in the small island regimé< ¢&,, the asymmetric shape
of the exciton peak is correctly described by a model of white-noise potential, except for the position of the
peak which still depends on the correlation length of the disof&€163-1828)06348-4

[. INTRODUCTION mechanical approach of Ref. 9 to compute the absorption
spectrum numerically for arbitrary island sizes.

Optical and transport properties of narrow quantum well The interfacial roughness is a particular type of disorder
heterostructures are particularly sensitive to disorder at thin two aspects(a) it has long-range correlations which are
interface between the different compounds forming the welkessential for the splitting of the excitonic pe@ee Sec. Y
and the barriet.Local fluctuations of the well thickness pro- and(b) the disorder is discrete, that is, the potential changes
duce an interfacial roughness that hinders the transport afbruptly at the edge of islandsee Sec. IV.
charge carriers in the well or that pins excitons. The quality In close analogy to previous studies of the small islands
of the heterostructure can be improved by interrupting theegime?yll the present paper emphasizes the role of the lo-
growth process at the interfacé$he atoms deposited on the cajization length¢y= 7h/\2MV, as the important length
surface diffuse during the interruption and form large smootfscale of the problem. This point of view contrasts with the
islands separated by one-monolayer steps. The size of th@ya| experimental interpretation, which attributes the split-
islands depends on both the interruption time and the temjng to islands of size larger than the exciton radiis.
perature of the substrate. _ _ In Sec. II, the model is described and the main results are

The interface roughness has been studied experimentalptesented. Section Il discusses the wave function of an ex-
with different techniques such as photoluminescence, trangsiton confined in a perfect quantum well and examines the
mission electron microscopy, cathodoluminescence, anginportance of correlations between hole and electron in the
scanning tunneling microscopy.™® In GaAs/ALGa,_,As direction perpendicular to the well. Section IV analyzes the
quantum wells, islands of severam in size have been di- statistical properties of the interface fluctuations and of the
rectly observed by cathodoluminesceficghe photolumi-  resulting potential for the exciton. Finally, Sec. V presents
nescence spectrum is very sensitive to the size of the islandge calculations of the excitonic line shape in the absorption
with an exciton line splitting for large-enough islarcfs’ spectrum.

The interfacial roughness also plays an important role in
resonant Rayleigh scattering in quantum wélls.

Theoretical studies of the photoluminescence have fo-
cused on the regime of small ispland sizé! The rapid fluc- !l MODEL AND RESULTS
tuations of the interface are averaged by the relative motion The model used here for excitons in quantum wells with
of electron and hole producing for the exciton center of masiterfacial roughness was introduced in Ref. 9 for the study
an effective potential that is smooth on the scale of the exef the alloy disorder in bulk semiconductors and applied by
citon radius. The absorption spectrum has a single asymmeseveral authors to the problem of interfacial roughriss.
ric excitonic peak. While these studies have considered a rapidly fluctuating

The present paper is a numerical study of the absorptiorandom potential, the present paper focuses on the regime
spectrum in the presence of islands large enough to producghere the interface consists of large smooth islands. This
a splitting of the excitonic peak. Previous theoretical studiesection presents the approximation for the exciton wave
in this regime have been restricted to a broadening of deltéunction in a perfect quantum well and then introduces the
functions by a Lorentzian whose width is estimated by stainterface roughness. The main results of this work are sum-
tistical argument$? Here, however, we use the quantum- marized at the end of the section.
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island size¢. Section IV and the Appendix A discuss the
statistical distribution of islands and the numerical proce-
dure, which generates such discrete random variables with
long-range correlations.

C. Exciton wave function with disorder

AlGaAs

The quasi-two-dimensional approximation for the exciton
wave function is extended to the disordered well by choosing
the transverse sta®" as the ground state for a confining
potential of nominal widtlw. Thus the electron and hole feel
a potential dropV,, when they sit in an island where the
well thickness isv+ dw; the potentials/, , strongly depend
on the nominal width since they are proportional to the den-

~The wave functiony is described by a quasi-two- sty of electrons or holes within the excess monolay&r;,
dimensional approximation where the motion in the well and:Ae WU geh2gz with A., being the valence- and

in the transverse direction are separdfed@ihe electron and conduction-band offsets.

hole are assumed to be uncorrelated in the transverse direc- \while the potential fluctuations affect both the center of
tion zand to remain in the lowest bound state of the confinmass motion and the relative motion, we further simplify the
ing potential whose wave functions and energies for the eleGyodel by fixing the relative wave functidrto be the ground
tron and the hole arey§(z),e§ and ¢§(2), €5, respectively.  gate for a perfect well of widthv. This adiabatic approxi-
The wave function in the plane of the well separates into anation, valid only when the binding energs; exceeds the
plane wave of total momentuid for the center of masR  potentialVy=V+V,, fails for narrow wells due to the in-
and into a relative wave functiof(p) for the relative coor- ~crease ol.

dinatep:

FIG. 1. View of the GaAs/AlGa, _,As interface where steps of
one monolayer in height form islands of typical s&eThe steps at
the interface correspond to chang®s in the thickness of the well
of nominal widthw.

A. Excitonic wave function in a perfect well

D. Random potential

,ﬁ(;,ﬁ,ze,zh):e*"z'éf(ﬁ)¢g(ze)¢8(zh). (1) As a result of these approximations we are left with the

problem of a single-particle subject to a random potential in
~ The relative wave functiofiwith binding energyE, sat-  two dimensions. The electron at positiog= R+ m;,p/M
isfies aSchrdmg.er equeinon in an effective two-dimensional and the hole alfh:ﬁ— meﬁlM feel the island potential
Coulomb potentiales(p): —V,dW(rg) and —V,,6w(r},), respectively. The random po-
[— V24U p)1f(p)=—E,f(p), ?) j[ent|al V(R) fpr th.e center of' mass is a cowolﬁuuon of the

island potential with the relative wave functidfp):

Zh|¢8(ze)|2|¢8(zh>|2
VIpl2+(ze= 242
The effective Bohr radiusz= eh?/ mue® and RydbergR,

- Me.

=ﬁ2/2ua23 in the bulk are the length and energy units where +Vhbw( R_MP) } )
pm=memy/(Me+my) is the reduced massn, and m, the ) ) .
electron and hole masses, aadhe dielectric constant. In  The potential depends on the exciton radaysthrough
these units, the exciton radius is definedags 1/E,. the relqtlve wave funct|on arjd on the |§Iand size®ia the

The total exciton energy in a perfect well consists of thecorrelation of sw. The kinetic energy introduces another
single-particle confining energies, the exciton binding energyength scalefo= m#/ J2MV, that corresponds to the small-
E, and the center of mass kinetic enerds=e5+e)—E,  estisland size that has a bound state.

Ueri(p)=—2 [ dzed

&) V(R)=— J d2p|f<5>|2[veaw R+ %p)

+#2K2/2M with M =m,+m;,. The next section will further The absorption spectrum at zero temperatu(&) is
discuss the validity of the quasi-two-dimensional approxima<computed numerically from the eigenstategR) for the
tion for narrow quantum wells. exciton center of mass in the presence of the disorder poten-

tial V(F§) and averaged over many random configurations:
B. Interfacial disorder

In a sample with growth interruption the interface consists a(E)= < > ’ f d?Ren(R)
of large smooth islands separated by steps of one monolayer "
in height. Figure 1 shows the islands of typical sizat the
GaAs/ALGa _,As interface in a quantum well of nominal
width w. The steps at the interface correspond to a change Here we summarize the main results of this study which

2
5(E—En)>. (5)

E. Results

Sw in the thickness of the well. are presented in details in the next sections.
We consider the disorder at only one of the interface and . . . o
further restrict the width fluctuationdw to either 0 or 1 in 1. Quasi-two-dimensional approximation in a perfect well

units of the monolayer height. The width fluctuations at dif- For narrow quantum wells the confining potential allows
ferent points of the interface are correlated over the typicabnly a single bound state, and the contribution to the exciton
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FIG. 2. Dependence of the absorption spectr(i) on nor-
malized energyE/V, and on ratio of island sizé& to localization . o ) )
length &,. The curves for a given ratig/&, nearly coincide al- FIG. 3. Gradgal §pl|tt|ng of the excitonic peak in the absorption
though they correspond to wells of different widtnsand hence ~ SPectruma(E) with increasingg/¢, for a well of 20 ML.
different&y. The results fog/£,=1 are shown as thick lines.

- o . . . 4 compares the numerical spectra to the analytical result of
binding energy of excitations into unconfined states is evalus b P y

ated perturbatively. In GaAs/fGa ¢As quantum wells, the Ref:tll for E&-correlate?I pq:ﬁrltrl]al. Wh|le. th? dsflapfhof the.

two-dimensional approximation describes correctly theffxcI on peak agrees wed wi € humerical data, the posi-

ground state of the exciton for widths larger than five ML lon _and peak value St'" de_pend on the Correla'_uon length.

where the coupling to unconfined states becomes importanp€ction V shows how this discrepancy can be eliminated by

The calculations are presented in Sec. Ill. a pr(l)tper correction of the high-energy tail in the analytical
result.

2. The strength and correlation length of the potential depend

on &/ay 6. Localization properties

In the small island regimé/a,<1 the relative motion of
electron and hole reduces the intensity of the potential, When the island size is sufficiently large to produce a
which varies over a distance given by the exciton radiys  splitting the exciton states contributing to the low-energy
In the opposite regime, however, the potential is proportionapeak are localized within a single island while the states at
to the width quctuationsV(Ii): —Vob\N(ﬁ) and has the higher energy extend over many islands. This result is con-
same correlations adw. Section IV discusses the statistical sistent with recent near-field spectroscopy experiments
properties of the potential. which observed at low-energy sharp resonances attributed to

quantum-dot level&?
3. The absorption spectrum depends on\E, and &/ &,

The absorption spectrum is very sensitive to the ratio of 4
island size to localization lengtl§/&,, but depends only 8114
weakly on &/a, and on the widthw. Figure 2 shows the numerical
absorption spectrum as a function of normalized energy sl — w=10
E/V, for wells that differ inw (and hence i) but have a -~ Wf;g
nearly constant,. For the range ofv considered, nearly i Y =
coincident curves correspond to the same valug/ &§. The a, i \ fr_‘il_y_m;ime e
calculations ofa(E) are discussed in Sec. V. B lf’ N\« corrected white noisd

1 ‘\ .
4. Gradual splitting of the excitonic peak ‘\\tor w10

Figure 3 shows the splitting of the excitonic peak with
increasing island size that occurs in the regime<l#4¢,
=<2. Photoluminescence experiments show two excitonic LA T Ssa
peaks in samples prepared with growth interruption at the O s 00
interface. The present study shows that the energy separation ENV,

between the peaks depends on the size of islands in the in-

. . FIG. 4. Absorption spectruna(E) in the small-island regime
termediate regimé=¢&;. P P () g

&l &=1/4. The numerical results for different widths differ in the
. . . position and the magnitude of the peak. The analytical formula for
5. White noise regime a white-noise potential from Ref. 11 reproduces the shape of the
The absorption spectrum in the small-island regime is corspectrum but has to be corrected for the finite-correlation length of
rectly described by a model of white-noise potential. Figurethe disorder to agree with the numerical data.
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IIl. EXCITON IN A PERFECT WELL 61072 v

This section addresses the validity of the quasi-two- :
dimensional approximation to the excitonic wave function in 21
an ordered quantum well and perturbatively estimates the !
correction to the exciton binding energy. 4102 L 1|

The two-dimensional approximation in E@l) retains '
only the ground-state wave functions of the confining poten- w ‘ ‘
tial for both hole and electron which are assumed to be un- : 5 10 15
correlated in the transverse direction. This approximation has " WM
been studied in the literature by variational calculations that 2107 |
indicate correlations in the transverse direction to remain

E, [Ry]

small for widths ranging from a few to 100 monolayers in

GaAs/AlLGa _,As wells!® This section focuses on the S

narrow-well regime where the potential allows only a single . e e e

shallow confined state. The remaining states are unconfinec 0 5 15

10
states and form a continuum; we assess their importance by a w ML

perturbative estimation of their contribution to the exciton Fig. 5. Relative correction to the exciton binding energy
binding energy. SE,/E, as a function of widthw of the well in monolayers. The
The Coulomb potentidl . couples the ground-state wave correction computed by including perturbatively unconfined states
function ¢ within the two-dimensional approximation to ex- in the transverse direction remains very small for widths larger than
cited states with transverse wave functiapﬁ%(ze),¢2](zh) 5 but sharply increases for smaller widths. The inset shows the
and momentumﬁ for the relative motion in the plane: binding energy within the quasi-two-dimensional approximation.

(y|U |an m) on the scale of the exciton radius while much larger islands
¢ can form on the other interface upon growth interruption. We

focus here on the splitting of the excitonic line due to the
=— Zf d?pdzdz, presence of large islands and therefore consider only the dis-
B order at the smooth interface and width fluctuations of one
() bE(2) DNz TF e 19P 48(2.) N (2 monolayer.
><[ (P) ol e)%f ] Fnlze) h). (6) The disorder consists of random configurations of islands
V]pl?+ (ze—2z1)? with various shapes and sizes. The present model avoids any

The perturbative contribution to the binding ener. is arbitrgry choice of shape that can introgjuge a.rtificial' struc-
P 9 e tures in the spectrum. For instance a distribution of islands

given by a sum over the continuum of states with excitation . . ;
h generated by square plaquettes of fixed giggves unphysi-

_ € e h .
energyAnm= ey~ €0 €m— €o: cal peaks, which correspond to particular geometrical ar-
rangements of several plaquettes into a larger island. Here a
) (7)  continuous distribution of shapes and of sizes is achieved by
q?+ Ayt Ey generating islands via a continuous Gaussian field as de-
) o ) scribed below.

We determine the binding enerdy, and relative wave The width fluctuationssw(r) in units of the monolayer
function f(p) within the quasi-two-dimensional approxima- height are described by a discrete random field with value
tion by a numerical solution of Eq.(3) for an o1 we omit the thinner width witiw=—1, which gives
Alo Gay As/GaAs quantum welf>' Figure 5 shows the rise to exciton states with larger confining energies. The dis-
relative correctionSE, /E, and the binding energy as a func- crete variablesw is generated by a continuous Gaussian field
tion of the widthw of the well. The binding energy has a u(F) via the relationé\N(F)=®[U—u(F)] as explained in

broad ma?imltjhmthfor a_vxt/idth IOf Iaprl)r?_ximat?lyé 5f '\1/|2L 'il'nh Appendix A" A distribution of islands with averaged den-
agreement wi € vaniational caicufations of Ret. 1z. esity n and with typical sizef is obtained by imposing both
perturbative correction remains very small for widths rang-

ing from 5 to 15 ML although the confining potential has a;h;va Vr\:}?hagi:tzlgseé_\m:n and an exponential correlation of
single bound state. For smaller widths, howei, sharply '
rises with decreasing width and the quasi-two-dimensional

— 1 2 |<¢/|UC|anm>|2
OoE, — | dg——
n,m=0,0 4772

approximation is no more accurate due to the substantial leak <bw(;) b\N(F’)}— n2=n(1— n)exp( _ ror |> . (8
of the wave functions into the barrier region. &
IV. DISORDER AND RANDOM POTENTIAL The inset of Fig. 6 shows a typical disorder configuration,

which consists of smooth islands with different shapes and
This section discusses the model of width fluctuations andizes. The density of islands=0.3 is large enough so that
the resulting potential for the exciton. It shows that both theneighboring islands may coalesce into conglomerates whose
correlation length and the strength of the random potentiasizes exceed the typical siZeas indicated by the arrow on
depend on the ratio of island size to exciton radius. the figure. In order to have a feeling of the distribution of
In GaAs/ALGa, _,As one of the interface remains rough islands for various densities, we plot in Fig. 6 the probability
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FIG. 6. Probability distribution of island sizggr) as a function o . .
of radius of the island in units of the typical sizefor different FIG. 7. DistributionP(v) of the random potential as a function

densitiesn. The continuous distribution broadens with increasing©f normalized potential strength/V, and for different ratios of
density due to the coalescence of neighboring islands. The insétland size¢ to exciton radius, for a well of 10 ML. Logarithmic
shows a configuration of islands far=0.3 with ¢ indicated by the ~ Singularities gradually build up at the edge of the spectuuiviy

double arrow. =0 and—1.

e . B. Small-island regime
distributionp(r) that a position chosen randomly belongs to
an island of radiug, namely the product of the density of ~ The potential has a Gaussian distribution derived in Ap-
islands with radius and of the area of the island. The whole pendix B and a reduced amplitd&e{V(Ifi)2>oc(§/aX)2. At
distribution scales with the typical siZze While at low den- large distance the potential is exponentially correlated over
sity p(r) is peaked around=¢ the distribution broadens the distancem,a,/M. However, for excitonic states local-
with increasing density since neighboring islands tend tdzed over a distance much larger than this length scale, the
coalesce. However for all densities the distribution has gotential can be considered as a white-noise potential with an
well-defined maximum that scales with the typical islandamplitudeI’ that does not depend @ anymore:
size £&. The numerical results in the rest of the paper are

obtained for a densitp=0.3. (V(R)V(0))— (nVp)?=27&?n(1-n)VZS(R) =T &(R).

The potentialV(R) in Eq. (4) is a convolution of the 9
width fluctuationsow and of the exciton relative wave func- |, ye next section we will show numerical evidence that a
tion, which is taken for simplicity as an exponentidlp)  model with white-noise potential gives a correct description
ocexp(—|§|/ax) where the exciton radius is computed from the of the absorption spectrum in the small-island regime.
solution of Eq.(2). The random potential depends on two
length scales, namely the typical island séeia the corre- C. Intermediate regime
lations of Sw and the exciton radiua, via f. The amplitude e . ,
of the potential varies for wells of different widthg since The. potenhal d'St”bUt'O'P(.U) is evaluated numencglly

for a finite system by sampling several random configura-

both V. and V}, depend orw. However, the ratio//V,, is _ _ . T

insensitive to the width and the random-potential scales Wiﬂ?ons of the interface disorder. The distribution is constructed

the total amplitude/g=V+V rom its Chebyshev moments using the kernel polynomial
o el Jpethod of Silveret al 1519

The rest of the section studies the statistical properties . . L
prop Figure 7 shows the potential distributiét{v) as a func-

the potential for different island size&sin terms of the cor- . ) X
relation length and of the potential distributidt(v) aver- 40N Of the normalized strengiVV for several ratios/ay.

) 2 - The distributionP(v) shows with increasing island size a
aged over t.he vqume_Q. P(v)=/d R<5[v_.V(R)]>/Q' weak bump appearing on the low-energy side, which gradu-
The correlation length is shown to vary fraa in the small ally moves towards the edge of the spectrum. The bump is
island regime t& for large islands. The potential distribution much weaker than the main peak because of the small den-
has a sllnglg peak fcﬁ<ax, which splits into a doublet with sity of islands. Foré>a, the potential varies very rapidly
increasing island size. through the edges of islands and approaches exponentially
the value—V, or 0 when moving away from the edges. This
exponential behavior gives rise to logarithmic singularities at

A. Large-island regime
bothv/Vo=0 and—1 as illustrated in Fig. 7.

The potential is proportional to the width fluctuations:

V(ﬁ)z—voaw(ﬁ). It varies abruptly at the island edges
. . T V. ABSORPTION SPECTRUM
and has the full amplitud&/,. The potential distribution
consists of twos functions at the energies 0 andV, with The calculations of the absorption spectrafE) use the

weights 1-n andn, respectively. The potential is exponen- same numerical method as for the potential distribution. We
tially correlated over the distangeas the width fluctuations. show numerical evidence that the spectrum depends mostly
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8 lytic curve shown as dots in Fig. 4 to obtain the correct
average energy and hence to agree with the numerical re-
sults.

The spectrum for a purely white-noise potential depends
only on the strength’«Vy(£/£,)? in Eq. (9) and therefore
exactly scales withE/V, and &/&y. The deviation from the
scaling for different widthav may be attributed to the cor-
relations of the random potential which depend on the exci-
ton radiusa, as well.

length scales [a]

B. Intermediate regime

Figure 2 shows the absorption spectrum for different
00 : : widths and ratiosé/ &y in the transition regime where the

w [ML] exciton peak starts to split. The splitting of the excitonic
peak is governed essentially by the ra§6é, since the
curves for different widthsv but a givené/ ¢, almost coin-
cide.

Figure 3 shows the exciton peak splitting as the island
size ¢ increases through a narrow ran§igd<£<2&,. The
single asymmetric peak f@r= £,/4 broadens with increasing
] ) ) ) island size until it splits at=§&,. The weak bump at low
on &/ ¢y by comparing the results for various widthsin the energy, which first appears faf=¢,, gradually sharpens
range 5<w=20 where the splitting of the excitonic peak and moves towards the edge of the spectrurd asproaches
was experimentally observeréd.in this range the localiza- 2&,
tion length varies by a factor of 2 while the exciton radius
remains nearly constant as shown in Fig. 8.

In the small-island regim&<¢&,, the numerical results
compare well to analytical calculations for a white-noise po- We show now that for large island§> £, the states,
tential except for the position of the exciton peak, which stillwhich contribute to the low-energy peak are localized within
depends on the correlation length of the disorder. In the single island while states at higher energy extend over
large-island regim&> ¢&,, the absorption spectrum shows a many different islands.
splitting of the exciton peak into a doublet. The localization ~We compute the normalized local density of stad¢E)
properties of the states are analyzed at the end of the sectiodefined as the ratio of density of states within islands to total
density of states:

FIG. 8. Localization lengtlt, and exciton radius, in units of
the effective Bohr radiusiz as a function of the widttw of the
GaAs/Al ,Ga As well. The localization length increases rapidly
with w due to the strong dependence \&§ on width while the
exciton radius remains nearly constant in the whole range. of

C. Localization properties

A. Small-island regime

Figure 4 shows the absorption spectrartE) as a func- J' dZRé\N(ﬁ)< 2 |Kn(§)|25(E— En)>
tion of E/V, for &/&y=1/4 and different widths of the well. d(E)= n @
The different curves have a very similar shape and width 42R E B)128(E— E
while they slightly differ in the position of the maximum and ~ | ka(R)|#6( n)

in the peak value. The spectrum is asymmetric with a long
tail at high energy while it vanishes exponentially fast on the

low-energy side. Figure 9 displaysd(E) for the well of 20 ML in the

large-island regim&=2¢&, where the exciton peak has al-

Comparison in Fig. 4 of the numerical results with theready split. At high energy, the states extend over many is-
analytic formula of Ref. 11 for a white-noise potential re- lands andd(E) equals the density of islands=0.3. At

veals that while both have a similar asymmetric shape, the

analytic formula fails to properly position its peak or to yield _negat|ve energies howevel(E) sharply rises with decreas-

physically realistic high-energy taif ing energy and reaches asymptotically the value 1, which

The analytic approach is only valid for&correlated po- cor_lr_tralnggciletso ti[::ecsoﬁ?r?gmzdtgv?r?ént\?vg 'zl)i:?g‘n eaks have
tential. The inclusion of the exact correlation function, how—therefore verv different localization pronerties Apt low en-
ever, will change the high-energy tail: y prop )

ergy, the spectrum is made out of bound states of single
islands while higher energy states are localized by the disor-

1 Ve der with a localization radius much larger than the mean
a(E)“E Vo(1+myE/4E,m )3/2 distance between islands.
0 h x!le
2
n Vh (10) VI. CONCLUSIONS AND DISCUSSION
Vo(1+m.E/4E,m,)?

The presence of interfacial roughness strongly affects the
absorption spectrum of narrow quantum wells, which shows
The correction of the high-energy tail allows the new ana-a splitting of the exciton peak for sufficiently large islands.
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APPENDIX A

The random variablé\N(F) that describes the width fluc-
tuations takes only discrete valugsv=0,1 and has long-
range correlations. Following Ref. 17, the appendix presents

0.8

0s | gl =2 the procedure that generates random configurationdwof
@ w=20 [ML] v_vr;]h2 any given correlation functiomy(r)=(éw(r)sw(0))
i density n=0.3 The procedure relies on the discretization of a Gaussian
continuous fieIdJ(F), which can be easily generated for any
02 correlation functiono(r): sw(r)=®[U—u(r)]. The aver-
age value for the discrete fieldw)=n and its correlation
00 - o J functiong(r) depend ons(r) and on the parameter:
4 4 v, . .
: . o 1 (v 2
FIG. 9. Normalized local density of states within islara{€) n= —— e *2dx, (A1)
as a function of normalized enerdy/V, for &/é,=2 and for a V2mJ -

density of islands1=0.3. At low energy, most states are confined
within islands while forE>0 the states extend over many islands

2
andd(E)=n. g(f)= J"’(”/‘T(O) e’ /_(1+X) %
0 Vi-x2 27

We review the main outcomes of this paper and discuss their
relevance for experiments. Inverting the previous equations relatesand U to any de-

(1) The exciton center of mass feels a random potentiagiredg(r*) andn. At large distances bothando decay with
due to the interface roughness whose strength and correlati§fe same functional dependence. At smaller distance how-
length depend on the ratio of the typical island sfz® the  ever the correlation functions differ. For an exponential

exciton radiusa, . > . > . .
. L r), the functiono(r) has a Gaussian shape at small dis-
(2) For the absorption spectrum however, the Iocallzatlor?( ) o(r) P

length &, is the important length scale since the spectrum ances.

depends mostly on the rati&/é, and only weakly on the

well width w. APPENDIX B
(3) The exciton peak in the absorption spectrum gradually We give a derivation of the distributioR(v) in the re-

splits when the island size reach&s This result contrasts ime of small islandg <a,., which is based on an expansion

with the usual interpretation of experiments, which attribute§ X - P

the splitting to islands of size larger than the exciton'n Cuml*'zlf‘m averagesu=([V(R)]*)c of the random

radius*® The two length scales, and & however have Potential:

comparable magnitudes in narrow GaAs®& _,As quan-

(A2)

tum wells as shown in Fig. 8. - ST (—in)k [dh
Our results suggest that a gradual splitting could be ex-P(v)=(dv—V(R)])= f_we ex kgl T Mklpo
perimentally observed in photoluminescence if the tuning of (B1)

growth parameters allows the control of island size at the
interface. A prediction of the photoluminescence line shap&sice the random potential in E() is a convolution of the
is however beyond the scope of the present paper since {igth fluctuationssw and of the exciton relative wave func-

requires the simulation of the thermalization procéss. ion the cumulant averaggs, involve the products odw(F)
(4) When the island size exceeds the localization Iengtﬁ 96 P

&, the exciton states at low energy are bound states of @t different positions::
single island while the states at higher energy still extend
over many islands. This result is consistent with recent near-
field photoluminescence experiments, which have shown#k™—
very sharp resonances attributed to quantum-dot states at low
energy and a dense set of states at high enérgy.

fdzrl---dzrkHrl)--~F(Fk><a\N(F1>--~a\N<Fk>>c,

.2 M\2
F(r)=—5| V| —| e MIl/am iy,
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On the other hand, the functidf(r) varies slowly over a n(1—n)/ ¢ VeM |2 VM2
distancea,> ¢ and the product ofF(ry)- --F(r,) in Eq. Km0 \a, m, ) +8VeVnt Me ) }
(B2) is approximated byF(r;)* due to the locality of the (B3)
cumulant. In the small-island regime the first- and second-order cumu-

Finally, the cumulantg., rapidly decreases with the order lant dominate the expansigB1) and the potential distribu-
k as (¢/a)? 2 in the limit a,>£. In particular the second- tion is a Gaussian of width, centered aroungs,;=n(V,
order cumulants reads +Vy).
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