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ABSTRACT   

We report on photoreflectance (PR) measurements in the 0.8-1.5 eV 
photon energy range and at temperatures from 80 to 300 K of InAs 
self-assembled quantum dots (QDs) grown by Atomic-Layer 
Molecular Beam Epitaxy. The QDs are embedded in a In0.15Ga0.85As 
lower confining layer (LCL) with thickness ranging from 20 to 360 
nm and in a 20 nm thick upper confining layer with the same 
composition, that we assume to be pseudomorphic to the LCL. The 
structures were previously characterized by spectroscopic 
ellipsometry, photo-luminescence and atomic force microscopy. PR 
spectra show clear and well-resolved spectral features due to both the 
QD ground-state transitions and the interband transitions between the 
topmost split valence bands and the lowest conduction band of LCLs. 
This allows to self-consistently study the effects on the QD emission 
energy of parameters such as thickness and composition of partially-
relaxed LCLs, that determine the QD strain amount and the QD-CL 
band discontinuities. In this work, these two contributions to the 
tuning of the QD emission energy are separated by comparing 
experimental results to that calculated by means of a simple and yet 
valuable model for ground-state transitions in QDs. It is proved that 
QD strain (related to the CL-QD lattice-mismatch determined by the 
thickness-dependent LCL strain-relaxation) can be effectively used to 
tune the QD emission energy at room-temperature, in particular in the 
1.3 µm window. 
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I. INTRODUCTION 

The tunability of quantum dots (QDs) properties [1] and, above all, of their 
characteristic emission energy have significantly widened the application field of 
nanostructures. In particular, concerning silica fiber optic communication, it has 
been recently shown [2] that by using InxGa1-xAs confining layers, InAs QDs 
grown by Atomic Layer Molecular Beam Epitaxy (ALMBE) efficiently emitting 
at 1.3 µm at room temperature can be prepared. Moreover, by controlling the QD 
strain by means of a suitable choice of thickness and composition of the lower 
confining layer (LCL), emission wavelengths well beyond 1.55 µm could be 
obtained, if the emission were not thermally quenched [2]. 

In the last years different explanations have been presented for the tuning 
mechanism which controls the red-shift of the emission energy in InAs/InGaAs 
nanostructures, as compared to that of the InAs/GaAs ones. Among them. two 
limiting cases may be selected: according to Ustinov et al. [3,4] the red-shift is 
mainly related to the reduction of the band discontinuities in InAs/InGaAs 
structures, which, in turn, causes the reduction of the confinement energies of 
carriers. On the other hand, according to Nishi et al. [5] the red-shift is due to the 
decrease of the strain field of InAs dots embedded in InGaAs confining layers, 
that results in a smaller value of the energy gap of the QD material. 

To date, the separation of the effects of confining layers in lowering the 
band discontinuities and in reducing the strain of QDs is an interesting topic that 
should be clarified in order to properly engineer the emission energy of the 
nanostructures.  

Here we present systematic photoreflectance (PR) measurements on 
InAs/InxGa1-xAs QDs with x=0.15, grown by ALMBE. The sample structure was 
designed so as to control the thickness-dependent strain relaxation of lower 
confining layers (LCL) on which the QDs are deposited and, in turn, the lattice 
mismatch between LCLs and QDs, that determines the strain of QDs [2]. 

Taking advantage of the derivative-like nature and the high room 
temperature performance of PR spectroscopy, signals coming from different 
depths of the samples were detected, allowing the unambiguous assignment of the 
spectral features to bulk- and QD- related transitions. The features of the PR 
spectra were analyzed according to the lineshape model characteristic of 
modulation spectroscopy in bulk [10] and confined [11,12] semiconductor 
systems. The simultaneous determination of the energies of the QD ground-state 
critical point (CP), of the fundamental band gap and of the valence band splitting 
of the partially relaxed InGaAs CLs, leads to a valuable correlation of barrier 
discontinuities and QD strain with the QD emission energies. This is substantiated 
by the comparison between experimental results and those calculated by means of 
a model that can be used to engineer the structures. 

 
 

II. EXPERIMENTAL  DETAILS 

The sample structure was designed taking into account that InGaAs LCLs 
are lattice-mismatched to the GaAs substrates and, then, have residual strain that 
depend on their thickness. According to the Marée et al. theory on strain 
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relaxation of a mismatched layer over a substrate [13], for layer thickness t larger 
than the critical thickness tc for strain relaxation the in-plane component of the 
residual strain εres of the mismatched layer is given by: εres = εo (tc / t)1/2, where 
εo is the lattice mismatch of the involved materials. Therefore, by means of the 
thickness-dependent residual strain of LCLs, we are able to control the strain 
imposed to QDs, since the strain is completely determined by the mismatch 
between QDs and LCLs, for given QD shapes, sizes and compositions [1]. 

The structures consist of: 1) a 100 nm thick GaAs buffer layer grown by 
MBE on a (100) GaAs substrate, 2) a In0.15Ga0.85As LCL of thickness t (20 nm < t 
< 360 nm) grown by MBE at 490 °C, 3) a plane of InAs QDs with a 3 ML 
coverage deposited by ALMBE at 460 °C, and 4) a 20 nm thick In0.15Ga0.85As 
upper confining layer (UCL), grown by ALMBE at low temperature (360 °C) in 
order to reduce the interaction between confining layers and QDs. In some cases, 
identical structures without UCLs are grown. Further details about growth 
conditions of the structures and about the ALMBE technique may be found in 
Refs. [2,14,15]. 

We assume that the UCLs are pseudomorphic to the LCLs and, then, that 
the mismatch between UCLs and QDs equals that between LCLs and QDs. This 
assumption: i) is reasonable since the UCL thicknesses are smaller than the 
critical thicknesses for all the structures [2] and ii) will be experimentally justified 
below. 

 The mean sizes of QDs were determined by Atomic Force Microscopy in 
contact-mode on structures without UCLs; base diameters and heights of 21 nm 
and 4 nm, respectively, were measured, that are independent on LCL thicknesses 
and, then, on QD strain; the diameter values were corrected by taking into account 
the convolution between QDs and probe-tip. 

The samples were previously studied by photoluminescence [2] and the 
results showed that, for a CL composition of x = 0.15 and for LCL thickness 
slightly exceeding tc the RT QD emission wavelengths are within the 1.3 µm 
spectral window of optoelectronic interest. 

The strain status of the InGaAs CLs was evidenced through the energy and 
lineshape of E1 and E1 + ∆1 interband critical points in the dielectric functions 
derived by spectroscopic ellipsometry (SE). Ellipsometric functions were taken at 
room temperature in the 1.4-5 eV range using a rotating polarizer ellipsometer 
SOPRA ES4G at two angles of incidence 70° and 75° on pairs of samples with 
and without the UCLs.   

PR measurements were performed at near-normal incidence in the 0.8-1.5 
eV range, with energy step and spectral resolution of 1 meV. The standard 
experimental apparatus operates with a 100 W halogen lamp as probe source. The 
excitation source is provided by a 16 mW He-Ne laser, mechanically chopped at a 
frequency of 220 Hz. The sample is mounted in thermal contact with the cold 
finger of a micro-miniature Joule-Thompson refrigerator coupled with a 
programmable temperature controller that allows measurements in the 80-300 K 
temperature range.  
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The experimental results on the energies of QD ground-state transitions 
have been compared to the results [2] of a model developed under single-band, 
effective-mass approximation [16]. The QDs have been considered with: i) a 
cylindrical symmetry, ii) a composition equal to the nominal one, iii) sizes 
determined by AFM studies and iv) shapes of a truncated cone with R/r = 2.5, 
where R and r are the major and minor radii. The strain in the QDs (proportional 
to the QD-LCL mismatch) is taken from the analytical treatment of Andreev et al. 
[17]. 
 
 

III. DATA REDUCTION AND ANALYSIS 

The analysis of the PR spectra was carried out by using typical lineshape 
models characterizing electromodulated signals in semiconductor systems; signals 
coming from different depths of samples are distinguished and interpreted 
according to the Aspnes treatment [10]. It has been proved that the PR signal 
mainly arises from the periodic pump-beam modulation of the surface built-in 
electric field: when the laser is on, photoexcited carriers partially neutralize 
surface state charges, driving the native field towards the flat bands condition. 
Aspnes showed that in the low-field limit (this is usually the case for PR, if Franz-
Keldysh oscillations are absent) and near a critical point (CP) the modulated 
reflectance signal ∆R/R in bulk semiconductors is characterized by the third-
derivative-like behavior of the lineshape and may be expressed by: 

 
∆R/R = Re [C eiϕ (E - Ec + iΓ)-n]                                       (1) 

 
where E is the energy of the probe beam, C and ϕ are an amplitude and a phase 
factor that vary slowly with E, Ec is the CP energy, Γ is the (lorentzian)  
broadening parameter for Ec and n is an integer or half-integer depending on the 
CP type (n=2.5 for a three-dimensional CP).  

On the other hand, it has been proved that in quantum-sized structures PR is 
a first-derivative spectroscopy [11]. In particular, for a quantum-confined 
transition in a single quantum well (QW) it has been shown [11,12] that the first-
derivative functional form describing the electromodulated reflectance is formally 
the same as in Eq. (1) with n=3 (excitonic transition). Following Aigouy et al. 
[18] we used this functional form, which satisfactorily reproduces the 1st 
derivative of a gaussian profile for the dielectric function, taking into account the 
inhomogeneous broadening related to size and thickness fluctuations of QDs and 
QWs, respectively. The gaussian lineshape model was already successfully 
applied to electroreflectance and PR spectra of QWs [11,12,19], QDs and stacked 
planes of QDs. [18, 20, 21]. Therefore, we assumed a 3rd derivative behavior 
(with n = 2.5 in Eq.(1)) when performing fits to the PR structures relative to 
InGaAs CLs and a 1st derivative behavior (with n=3) in the case of ground-state 
QD excitonic transitions.  
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IV.  RESULTS AND DISCUSSION 

 

The PR response of confining layers:  
In Fig. 1 a typical room temperature PR spectrum, in the region of the optical 
response of bulk InGaAs, is reported for the sample with a 60 nm thick LCL. The 
two PR features (labelled E0

HH and E0
LH) can be related, for their energy location 

[22], to transitions involving the split valence-bands in the partially-relaxed 
InGaAs CLs [23]. Arrows mark the transition energies, as derived from the best 
fit, from the heavy-hole (HH) and light-hole (LH) valence band maxima to the 
conduction band minimum of In0.15Ga0.85As. The broadening parameters Γ were 
15 and 19 meV for HH- and LH- related transitions, respectively; the same 
broadening values were obtained for all the samples. 

In order to discuss our experimental results, we briefly recall the effects of 
strain on the optical transitions of zinc-blende-type semiconductors [24,25].  

Strained InxGa1-xAs grown on a (001)-oriented GaAs substrate is subject to 
a (001) biaxial stress, which can be decomposed into a hydrostatic and a [001] 
tensile uniaxial parts. The components εij  of the diagonal strain tensor are given 
by: 

 
 εxx = εyy   = ε                                                          (2) 

 εzz    =     - (2C12/C11) ε                                           (3) 
 

where z denotes the direction perpendicular to the interfaces, Cij are the elastic 
stiffness constants and ε is the in-plane strain, which for InxGa1-xAs epitaxial 
layers is given by ε = (a0 – ax)/ax < 0, where a0  and  ax are the lattice parameters of 
GaAs and of free-standing InxGa1-xAs, respectively. On the other hand, for 
epilayers exceeding the critical thickness tC of the ternary alloy, strain relaxation 
occurs in mismatched layers via plastic deformation [13,26] and the residual 
strain εres is related to the in-plane lattice parameter ax

||
 of the partially relaxed 

InxGa1-xAs layer by εres  = (ax
||
 - ax)/ax , with a0 < ax

||
 < ax. 

Concerning the E0 optical transitions at k = 0, the hydrostatic component of 
the compressive strain increases the energy gap between the topmost unsplit 
valence bands and the lowest lying conduction band. In addition, the uniaxial 
strain component splits the HH- and LH- valence bands. According to the 
deformation potential theory [24], the resulting energy gaps between the 
conduction and the split valence bands are:  

 
E0

HH      =    E0 + δEH  - δES  /2 
 E0

LH       =     E0 + δEH  + δES /2 - (δES)2 /(2 ∆0)                               (4) 

 

where E0  and ∆0  are the energy gap and the spin-orbit splitting of unstrained 
InGaAs and  

 
δEH  = 2a ε (C11- C12)/ C11,        δES  =  2b ε (C11+2C12 )/ C11        (5) 
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being a and b the hydrostatic and the shear deformation potentials, respectively. 
Thus, the valence band splitting  

 
∆E = E0

LH -E0
HH  ,                                                                  (6) 

 
as measured by the optical spectra, can be directly related to the strain ε of the 
layer. 

The elastic constants, the deformation potentials and the spin-orbit splitting 
of the InGaAs alloys were obtained by linear interpolation between the end binary 
materials GaAs and InAs [27,22].   

The E0
HH and E0

LH structures (see Fig. 1) were detected in all samples, at 
energies depending on the residual strain of CLs and, then, on the layer thickness. 
In Table I the energy E0

HH, the valence band splitting ∆E and the corresponding 
in-plane residual strain εres of the partially relaxed In0.15Ga0.85As LCLs are 
reported; the last parameter was determined all-optically from the measured 
valence bands splitting ∆E by using Eqs. (4-6), following the deformation 
potential theory for the partially-relaxed LCLs. As expected, the energies E0

HH 
and ∆E decrease monotonically with increasing LCL thickness. The same 
behavior characterizes εres. For the composition x=0.15 the expected maximum 
strain of the InxGa1-xAs epilayer (pseudomorphic growth) is 1.063 % 
corresponding to a splitting ∆E of 65 meV, in good agreement with the measured 
value of 64 meV for the sample i1112 with LCL t = 20 nm (that is well below tC ≈ 
43 nm for In0.15Ga0.85As on GaAs [13]).  

In Fig. 2, the residual strain values of LCLs with thickness ranging from 20 
to 360 nm are compared with the predictions of two different models on strain 
relaxation [13,26]. We note that the optically derived values of εres are in a very 
good agreement with that of the model of Marée et al. [13], which has been used 
to design the structures. In contrast, our results do not support the alternative 
model of Dunstan et al. [26].  

PR measurements were performed also on samples without UCLs (not 
shown here). From the comparison of these spectra to the corresponding ones 
with UCLs negligible variations have been observed in the broadening parameter 
values of E0

HH and E0
LH transitions suggesting that UCLs are pseudomorphic to 

LCLs. 
It is worth noting here that, according to Eqs. (4,5) the value of residual 

strain of CLs could be deduced by the shift of the energy gap ∆E0 = E0
HH – E0, 

which is linearly related to the strain; however, this approach would require the 
knowledge of E0 as a function of x, with an accuracy of a few meV, which is 
generally not available [22,23]. This makes hard to distinguish among a few meV 
variations of the crucial quantity ∆E0; thus we choose to use the more clean (and 
less composition dependent) information coming from the valence band splitting 
∆E. 

The ellipsometric results confirm the PR experimental findings. In Fig.3 we 
report the imaginary part ε2 of the complex dielectric function of the 
In0.15Ga0.85As LCLs, in the 2.5-3.5 eV interval, as derived from the analysis of the 
ellipsometric functions measured on samples without UCLs. The literature 
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dielectric function [28] of a bulk In0.15Ga0.85As is reported for comparison. The ε2 
spectra are obtained from numerical inversion assuming the structural model of 
the sample and GaAs and InAs dielectric functions from literature. The QD plane 
was described as a layer of 3 ML equivalent thickness, corresponding to the InAs 
coverage; in fact, we verify the QD layer has no effect on ε2 in this energy range. 
The behavior of ε2 as a function of the LCL thickness obeys the predictions of 
strain effects on the interband dielectric function of ternary alloys [27,28]. The 
two clear peaks are related to the convolution of the E1 and E1+∆1 interband 
critical point response. With decreasing the LCL thickness we note a blue-shift of 
the center of gravity of the E1 and E1+∆1 peaks and an increase of the spin-orbit 
splitting ∆1. In addition, the E1 oscillator strength increases with respect to that of 
E1+∆1, as expected due to the reduced coupling between the states: these are clear 
fingerprints of an increasing strain along the growth direction [27]. These effects 
become more clear when considering the second-derivative spectrum of ε2, that 
should be fitted with appropriate lineshapes: these and other results on the 
structures with UCLs are under investigation and will be the matter of future 
works.  

 
The PR response of QDs: 
In Fig. 4, the 90 K PR spectrum of InAs QDs embedded in an In0.15Ga0.85As 
matrix (with a t=20 nm thick LCL) is compared to the spectrum of a similar 
structure with a GaAs matrix. In Fig. 5, instead, two InAs/In0.15Ga0.85As structures 
with different LCL thickness (120 nm and 360 nm) are shown. In all samples the 
PR feature that dominates the spectrum is related to the ground-state transition 
(Egs) of the main QD family [21]. Arrows mark the QD transition energies Egs as 
derived from the best fit of the experimental features to a lineshape considering 
excitonic transitions in confined semiconductor systems (Eq. (1) with n =3).  

A second weaker PR feature at higher energy (blue-shifted by 60-80 meV) 
was previously assigned to a second QD family and/or an excited state of the 
main family and will not be discussed here [21, 29, 30]. Nevertheless, for the 
analysis of the optical response of the main QD family the second QD PR feature 
was included in the fitting procedure to optimize the fits in order to obtain an 
accurate estimate of Egs (see Table I). 

We note that the broadening parameters of PR features related to the QD 
ensemble, due to dot size dispersion, are usually much larger than the bulk ones. 
The observed values of the broadenings range from 30 to 60 meV, so that the 
main PR feature and that due to a different QD family or an excited state of the 
main QD family overlap. 

As introduced above, the QD PR features in the InAs/InGaAs structures 
exhibit a red-shift with respect to those of the InAs/GaAs ones. In Figs. 4 and 5 
evidence is given of the two main contributions to this effect: i) the reduced QD-
CL band discontinuities, due to the reduced band gap of the confining layer 
material and ii) the reduced QD strain, related to the reduced mismatch of QDs to 
LCLs. In fact, in the former case (Fig. 4), we compare the PR response of InAs 
QDs embedded in pseudomorphic InGaAs CLs grown on GaAs with that of 
similar dots embedded in a GaAs matrix. In both structures the strain field 
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experienced by the dots is the same, since the QDs are grown on LCLs that have 
the GaAs lattice parameter. Consequently, the red-shift of the Egs energy is only 
related to the reduction of the carrier confining energies, due to the reduced (by ≈ 
16%) band-discontinuities. On the other hand, in the second case (Fig. 5), we 
compare the PR response of two samples with InAs QDs embedded in 
In0.15Ga0.85As matrices with LCLs of different thickness (t = 120 and 360 nm). In 
this case, the red-shift of the Egs transition energy for the structure with thicker 
LCL is mainly due to the reduction of the QD strain, related to the lower 
mismatch of QDs to the LCL. Indeed, according to the model, for x=0.15 a 
variation of the LCL thickness from 120 nm to 360 nm results in a shift of 
Eg(InAs) (the energy band gap of the strained 3D InAs material) of 15 meV 
determined by the variation of the QD strain; the sum of band discontinuities 
instead and, then, that of carrier confinement energies are essentially unaffected. 
 
Tuning the QD emission energy:  
As aforementioned, one of the methods used to to tune the QDs emission of InAs 
QD nanostructures towards the 1.3 µm region is to embed the InAs nanoislands in 
InGaAs confining layers. In this approach, both the lowering of the QD-CL band 
discontinuities and the reduction of the QD strain contribute simultaneously to the 
red-shift of emission. In contrast, our approach is based on the concept of strain 
engineering of heterostructures, whereby the QD strain is designed ad hoc, by 
exploiting the thickness-dependent partial relaxation of LCLs with given 
compositions, as described by the Marée et al. theory [13]. Therefore, by means 
of our approach we are able to separately control the two aspects of the tuning 
mechanism that are related to the control of band discontinuities and of QD strain. 

This aspect is evidenced in Fig. 6, where the experimental and the modeled 
dependences of Egs on the LCL thickness t are compared in the 20-360 nm range. 
In the figure, Eg(InAs) is also reported. It should be noted that there is a 
considerable agreement of the experimental results to the model that can be used 
to design the structures. 

From the PR and model data of Fig. 6 it can be seen that the sum of the 
band discontinuities, experimentally given by ∆Eg = E0

HH – Eg(InAs), and that of 
carrier confining energies, Econf = Egs – Eg(InAs) (which is corrected for the 
exciton binding energy), do not change significantly with the LCL thickness. 
Consequently, the variation of the energy gap Eg(InAs) of the QD material, due to 
the LCL-thickness-dependent strain imposed to the QDs, may be used for tuning 
the emission energy Egs independently of the composition x of the CLs. Finally, it 
is worth noting that the accurate tuning of the QD emission wavelength obtained 
by simply varying the LCL thickness, when combined with a suitable choice of 
the composition x, opens the possibility of reaching interesting values, such as 
1.3, 1.4, 1.5 µm [31].  

However, a few precautions must be taken in designing the structures for 
emission at given wavelengths, since In segregation and In-Ga interdiffusion [1,5-
9] during growth and changes in the QD morphology induced by the reduction of 
strain [29, 32-35] may contribute to the red-shift. It should be noted that in our 
experiments the QD dimensions, as derived from AFM measurements on 
uncapped structures, are significantly independent on the QD strain and 

 8



 

modification of the nominal In concentration profiles in the structures should be 
drastically limited due to the low temperature (360 °C) used for the UCL growth 
process. 
 

 
V. CONCLUSIONS 

 
Photoreflectance measurements in the 0.8-1.5 eV energy range have been 

performed on ALMBE grown InAs/In0.15Ga0.85As QDs structures with different 
lower confining layer thickness; the structures were designed to study the tuning 
mechanisms of the RT emission wavelength in spectral regions of optoelectronic 
interest and, in particular, in the 1.3 µm one. Spectral features related to InGaAs 
confining layers and to InAs QDs are clearly evidenced and analyzed according to 
lineshape model characteristic of modulation spectroscopy. The comparison of PR 
spectra of similar samples with and without UCL indicates that the optically-
measured residual strain of the CLs is essentially the same and well agrees with 
the model for strain relaxation used to design the structures. 

The experimental results on the QD-related transitions compare very 
favorably with the calculations performed by using a simple single-band, 
effective-mass-approximation model, when QD size parameters deduced by AFM 
measurements are used. 

We prove that the effects of composition and thickness of the confining 
layers on the QD-CL barrier discontinuities and strain of QDs can be observed 
and singled-out by means of optical measurements on suitably designed structures 
and that these effects contribute separately to the red-shift of the ground state QD 
transition energies. 

We can state that in our case the major role in determining the QD ground 
state energy is played by QD strain reduction. The experimental results confirm 
our model calculations whereby it can be concluded that by changing the CL 
thickness only the QD strain is affected, while the band discontinuities are 
unchanged. This proves the validity of our approach in tuning the emission energy 
of QDs by means of QD strain, simply controlled by varying the LCL thickness. 
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TABLE I: Energy gap (E0

HH), valence band splitting (∆E) and optically-determined in-plane strain values (εres) of the partially relaxed 
In0.15Ga0.85As LCLs of different thickness, grown on GaAs. The UCL thickness is 20 nm for all structures.  The corresponding ground-state 
transition energies Egs of QDs are also reported. 
 
 
 
 

Sample LCL t 
(nm) 

E0
HH  (eV) 
300 K 

E0
HH (eV) 
90 K 

∆E (meV) 
300 K 

εres   
% 

Egs (eV) 
90 K 

i1112 20      1.280 1.355 64 1.048 1.024
i1111 60      1.277 1.352 59 0.955 1.018
i1092 120      1.241 1.314 39 0.609 0.998
i1091 220      1.217 1.292 26 0.398 0.983
i1100 360      1.213 1.289 24 0.366 0.973
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Figure 1: Room temperature PR spectrum of a InAs/ In0.15Ga0.85As QD structure 
with a partially-relaxed LCL (t = 60 nm); the spectrum displays the splitting ∆E 
of the InGaAs HH and LH valence bands. Arrows mark the transition energies as 
derived from the best fit to the experimental features. 
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Figure 2: Comparison of the optically-determined residual strain (dots) for InAs/ 
In0.15Ga0.85As structures with different LCL thickness to the results of models 
(lines) proposed in Refs. [13,26]. 

 14



 

 
 
 
 

 

2.50 2.75 3.00 3.25 3.50
0

10

20

30

relaxed [28]

E1+∆1 E1

In0.15Ga0.85As

t = 220 nm

t = 120 nm

t = 60 nm

 

 
ε 2

Energy (eV)
 

 
 
 
 
 
 
 

Figure 3: Imaginary part of the complex dielectric function of InAs/In0.15Ga0.85As 
structures with different LCL thickness and of fully-relaxed In0.15Ga0.85As [28] in 
the interband spectral region. The curves are shifted by a constant value for 
clarity. 
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Figure 4: PR response at 90 K of InAs QD ground-state transition Egs highlighting 
the red-shift in a InAs/In0.15Ga0.85As structure on a pseudomorphic LCL with 
respect to a InAs/GaAs one; the red-shift is due to the different band 
discontinuities. The curves are shifted vertically for clarity. 
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Figure 5: PR response at 90 K of InAs QD ground-state transition Egs  showing 
the red-shift in the InAs/In0.15Ga0.85As structures with different LCL thickness t, 
as due to the different QD strain. The curves are shifted vertically. 
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Figure 6: Comparison of the behavior of QD ground-state transition Egs versus 
LCL thickness, as obtained by PR measurements (symbols) and by the model 
calculations proposed in Ref. [2] (line). The measured LCL energy gap E0

HH and 
the calculated energy gap Eg(InAs) are also reported. ∆Eg and Econf indicate the 
sum of the band discontinuities and the sum of the carrier confining energies 
(corrected for the exciton binding energy).  
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