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Abstract. We investigate the FIR magneto-optical transitions in doped self-assembled InAs quantum dots
with an average filling ranging from 0.6 to 6 electrons per dot. Significant changes in the magnetic field
dispersion, the line-width and the amplitude of the transitions are observed as the doping level is varied,
in agreement with our theoretical calculations. We show that our technique is an effective tool to obtain
informations regarding the dot size homogeneity and the electron filling uniformity.

PACS. 73.21.La Quantum dots – 78.20.Ls Magnetooptical effects – 78.30.Fs III-V and II-VI
semiconductors – 78.67.Hc Quantum dots

1 Introduction

Doped self-assembled InAs/GaAs quantum dots (QD)
open new perspectives both in fundamental physics (for
instance the strong coupling regime between electrons and
optical phonons [1–3]) and for device applications (for
instance QD far-infrared photodetectors [4–8] or solid-
state qubits for quantum computing [9,10]). For basic
physics and for device design, it is crucial to obtain in-
formation regarding the QD electron filling uniformity.
Spatial variations of the QD filling can originate from
various effects: composition fluctuations, statistical dis-
tribution of the dopants, size dispersion of the QD. The
far-infrared (FIR) magneto-absorption technique is an ef-
fective tool to investigate the electronic excitations in
QD [1,3,11]. Previous theoretical calculations predicted
that FIR magneto-absorption spectra should depend sig-
nificantly on the QD filling [12] and FIR spectroscopy was
used to study the electronic excitation as a function of
the QD filling [13]. But to date, there was no investiga-
tion of the influence of the QD filling fluctuations on the
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FIR magneto-spectra. We report here an investigation of
the far-infrared (FIR) magneto-optical transitions up to
B = 28 teslas at T = 2 K in samples with increasing dop-
ing levels in order to transfer, on average, N = 0.6 to
6 electrons per dot and to populate the s and p states
(states with an angular momentum projection along the
growth axis Lz = 0,±�). Significant changes in the disper-
sion, the line-width and the amplitude of the FIR transi-
tions are observed as the doping level is varied. The energy
positions of the observed resonances are consistent with
our theoretical calculations of the electronic levels. Using
a realistic QD shape, we predict that up to six electrons
can be confined at low temperature. Nevertheless the ex-
periments evidence a delocalization of some electrons in
the wetting layer for a filling N = 6. We also show that
the resonance lineshape can be accounted by the filling
fluctuations resulting from the QD size dispersion. The
QD size distribution is evaluated from the analysis of the
FIR magnetotransmission and PL results measured on the
samples with lowest doping levels. We then evaluate the
resulting fluctuations of the QD filling for each sample. Fi-
nally, we simulate the lineshape of the resonances observed
in samples with various doping. The simulation reproduce
rather well the intensities and lineshape of the experimen-
tal resonances. We also evaluate the line broadening aris-
ing from the statistical distribution of the dopants and we
conclude that the size dispersion constitutes the dominant
effect which governs the filling uniformity in our samples.
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Table 1. Doping and average QD electron filling for the six
samples An and Bn (n = 1, 2, 3).

Sample doping average QD electron filling
(×1010 cm−2) (e/dot)

A1 3.5 0.6

A2 13 3

A3 11 2.5

B1 9 2

B2 17 4

B3 25 6

2 Samples

Two series of samples, labelled An and Bn (n = 1, 2, 3),
have been grown by MBE. In each series the doping
level was varied from sample to sample, all the other
growth parameters being exactly similar. Each sample
contained a multistack of 20 layers of InAs QDs separated
by 50 nm GaAs barriers, each layer having a QD density
of 4 × 1010 cm−2. The InAs QD were formed by deposit-
ing 2.2 monolayers (MLs) at 520 ◦C with a growth rate
of 0.11 ML/s. There was no growth interruption before
GaAs overgrowth. Details about the growth procedure are
given elsewhere [14,15]. The QD electron filling was real-
ized by a Si δ-doping of the GaAs barriers at 2 nm under
the dot layer. The δ doping concentration ranged between
3.5× 1010 and 25× 1010 cm−2 in order to get a QD filling
from 1 to 6 electrons. This is reported for all our samples
in Table 1.

The doping level was calibrated by performing Hall
measurements on thick doped GaAs layers. We checked
that the average QD filling, estimated from the integrated
intensity of the FIR absorption lines as described in Ap-
pendix A of reference [3], was in agreement with the MBE
calibrations. The emission peak energy, given by PL ex-
periments at liquid helium temperature, was in the range
1.15−1.20 eV. Cross-sectional transmission electron spec-
troscopy [15] or cross-sectional scanning tunnelling mi-
croscopy [16] in samples grown in similar conditions have
shown that the QDs resemble flat truncated cones with
a ∼ 20 nm basis diameter and a height ranging between
2 and 4 nm.

3 Experimental results

We have investigated the FIR magneto-optical transitions
between the ground and the first excited conduction-band
states. The sample transmission at 2 K was recorded
by Fourier-transform spectroscopy in the FIR range
20–100 meV for magnetic field up to B = 28 T. For
each sample, the transmission was normalized to that of
the substrate in order to eliminate the optical setup ef-
fects. Figure 1 shows the transmission spectra recorded
at B = 8 and 15 teslas on samples A1, A2 and A3. As

Fig. 1. Infrared transmission spectra at (a) B = 8 teslas and
(b) B = 15 teslas at T = 2K of samples labelled A1, A2 and
A3. The arrows with the label N (N = 1, ..., 4) indicate the
calculated position of the magneto-optical transitions for QDs
with electron filling N . The dotted lines are the simulated spec-
tra as described in Section 5.

the An samples correspond to the same series, all the
growth parameters are exactly similar except the doping
level of the GaAs barriers which is 3.5×1010, 13×1010 and
11×1010 cm−2 respectively. Considering the p-type resid-
ual doping (∼ 2 × 1015 cm−3) of the 50 nm thick GaAs
barriers, the electron density available for transferring into
a QD plane is 2.5×1010, 12×1010 and 10×1010 cm−2 re-
spectively, corresponding to an average QD electron filling
of 0.6 (A1), 3 (A2) and 2.5 (A3).

At B = 8 T, two pronounced transmission minima
are observed for each sample. The energy of the higher
minimum (at ∼ 57 meV) goes up when B is increased
while the opposite dependence is observed for the lower
minimum at ∼ 44 meV. This behavior arises from the or-
bital Zeeman effect of the p states as described below.
Finally, at B = 15 T, only the higher minimum is ob-
served at ∼ 60 meV, the lower minimum being shifted by
the magnetic field into the restrahlen band of the GaAs
substrate (30 − 40 meV). The transmission minima in A1
are surprisingly sharp with a fullwidth at half maximum
(FWHM) of ∼ 3 meV, while the minima in A2 are obvi-
ously much broader with a FWHM of 8−10 meV. Finally,
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Fig. 2. Infrared transmission spectra at B = 28 teslas in sam-
ples B1, B2 and B3, whose average QD fillings are 2, 4 and 6
respectively. The arrows indicate the minimum of transmission.

it is clear in Figure 1 that both the amplitude and the
line-width of the FIR transitions depend significantly on
the doping level.

Figure 2 displays FIR spectra recorded at B = 28 T on
samples B1, B2 and B3. In the series Bn, the doping level
was adjusted in order to get an average filling of 2 (B1),
4 (B2) and 6 (B3) taking into account the p-type residual
doping of the barrier. The spectra are clearly drastically
dependent on the doping level. Sample B1 displays two
minima indicated by the arrows while B2 presents only
a high energy resonance. The absorption in both samples
have an amplitude of 5–6% with a FWHM of ∼ 7 meV.
Different results are observed in sample B3 where a single
intense and broad minimum is observed at a lower en-
ergy than in B1 and B2 with an amplitude > 15 % and a
FWHM > 10 meV. The B-dispersion of the transmission
minima are shown in Figure 3. Samples B1 and B2 exhibit
a QD behavior with transitions extrapolating at B = 0 to
an energy of ∼ 35 meV. On the contrary, the resonance
energy in sample B3 extrapolates to zero at B = 0 which
does not correspond with a QD excitation but is the be-
havior expected for a cyclotron resonance (CR) in a two
dimensional electron gas (2DEG).

We have also done PL measurements at 2 K on the dif-
ferent samples. The PL peak obtained for a non-resonant
excitation in the wetting layer is rather broad with a
FWHM of ∼ 80 − 100 meV as illustrated in Figure 4 for
samples B1 and A3.

Fig. 3. Magnetic field dispersion of the transmission minima
for the three samples B1 (open squares), B2 (full dots) and
B3 (crosses), and theoretical calculations (B1: solid lines, B2:
dashed line and B3: dotted line). The grey rectangle shows the
absorption zone due to the substrate restrahlen.

Fig. 4. Photoluminescence spectra of samples B1 and A3 at
zero magnetic field with an energy excitation of 1.45 eV at low
power excitation.

4 Theoretical aspects

In order to analyse the previous experimental results, we
have calculated the few-electron states of a QD under mag-
netic field. We have used a realistic QD shape and confin-
ing potential unlike previous calculations using the Fock-
Darwin states of an infinite parabolic potential [12]. The
QDs are modelled by a truncated cone of height h ∼ 2 nm
and basis angle 30◦. An elliptical dot basis is assumed
with minor and major axes a and b around 10 nm to
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Fig. 5. (a) to (e): solid lines: predicted magneto-optical transitions for N = 1 to 5, using QD parameters given in the text. (f):
QD chemical potential for N = 1 to 6 electrons and energy edge of the wetting layer.

account for the slight QD elongation which is experimen-
tally observed [3] along the in-plane direction [1,−1,0] as
compared to the [1,1,0] one. In order to include the in-
termixing effects between the InAs layers and the GaAs
barriers, we have considered an homogeneous gallium con-
tent of 30 % in the QDs. The conduction (valence) band
discontinuity between InGaAs and GaAs is then 488 meV
(217 meV) and the confining potential taking into account
the wetting layer (WL) is 460 meV (201 meV) if one con-
siders a WL thickness of 1 monolayer (ML) and the fol-
lowing effective masses: m∗ = 0.06m0 for the conduction
band, m∗

hz
= 0.30m0 and m∗

hxy
= 0.10m0 for the heavy

hole states. The single-electron states are calculated us-
ing a variational procedure with Gaussian functions [17].
For QDs containing N electrons (N ≤ 6), the basis of
the few-electron Hilbert space is constructed from the an-
tisymmetrized product of single electron s and p states
(Lz = 0,±�) [18]. Neither the d states (Lz = ±2�),
nor the mixing with the continuum of the wetting layer
and GaAs barriers, are included in the model. The valid-
ity of such approximations will be discussed below. The
diagonalization of the N -electron Hamiltonian including
the Coulomb terms, leads to the determination of the
ground and first excited states as a function of the mag-
netic field. The energy and the oscillator strength of the
FIR magneto-optical transitions are then calculated in
the electric dipole approximation. The solid lines in Fig-
ures 5a to e show the predicted FIR magneto-optical tran-
sitions for N = 1 to 5 respectively, using h = 2.6 nm,
a = 11.9 nm, b = 13.1 nm. These are best-fit parameters
for the FIR experimental results obtained on sample A1.

Only transitions with oscillator strength larger than 5%
are displayed. The electron-phonon interaction and the
so-called polaron effects [1,3] are not included in these
calculations. The transition energy either increases or de-
creases as a function of B, arising from the orbital Zeeman
effect of the p states. Note that the magneto-optical tran-
sitions are found depending on N , which was expected as
the confining potential is not purely parabolic [12]. The
chemical potential of N electrons in a QD is defined by
µN = Eground(N) − Eground(N − 1) where Eground(N) is
the energy of the ground state of the N electrons in the
QD. It is the energy cost of introducing the Nth electron
in the QD. µ1 represents the energy of a single electron
in a QD (ground state). Figure 5f shows the chemical po-
tential for N = 1 to 6 (i.e. the energy cost of introducing
one more electron in a QD) as well as the energy edge of
the WL. For these parameters, up to 6 electrons can be
transferred into the QDs with energy below the WL.

Note that, at B = 0, ∆µ = µN+1 − µN is typically
∼ 20 meV except for N = 2 which corresponds to the
filling of the s shell. ∆µ is then ∼ 50 meV. At B �= 0,
we also calculate ∆µ ∼ 20 meV except for N = 2 and for
N = 4 which corresponds to the filling of the p− states
(Lz = +�). For N = 4, ∆µ is found to strongly increase
with B because of the orbital Zeeman effect and reaches
∼ 70 meV at B = 28 T.

5 Analysis of the experimental results

As shown in Section 3, the line-width of the FIR magneto-
optical transitions is found to be strongly depending on
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the doping level of the samples and thus on the QD elec-
tron filling. Different effects can be invoked to explain
the observed widths, mainly the distribution of ionized
dopants and the size dispersion of the QD.

Let us first evaluate the perturbation of the dot levels
by the ionized dopants. This perturbation decomposes into
two contributions: an average (band-bending) field, due to
a uniform distribution of impurities, plus fluctuations due
to the statistical distribution in the doping plane. The
bound states are strongly confined in the dot and have
rather similar distribution probabilities along the growth
axis. As a consequence, the average field equally affects
the bound levels. In addition, it is unable to directly cou-
ple dot levels of different in-plane symmetries. One can
thus readily convince ourselves that the average field does
not broaden the lines. We then evaluate the effect of the
dopant statistical distribution in the doping plane. Con-
sidering a given QD, we write the coulombic perturbation
due to a single ionized impurity within the basis of the
s and p states (we assume here for simplicity QDs with
circular basis): (

λss λsp

λsp λpp

)
.

Both diagonal (λss and λpp) and non-diagonal (λsp) cou-
plings appear, which depend on the actual impurity in-
plane position R (R = 0 corresponds to the center of the
QD) and thus may lead to a broadening of the s-p energy
transition. We have obtained that λsp leads to a maxi-
mum correction for the s-p transition energy of less than
1 meV, which is significantly smaller than the measured
line-widths (3 to 10 meV; see Fig. 1). The diagonal correc-
tion λss − λpp can be more important, depending on the
impurity position. However, we have checked that in our
samples only the impurities located within R < Rc = 6 nm
can lead to a contribution larger than 1 meV. For instance
in sample A1 (dopant concentration Ns = 3.5×1010 cm−2)
there is πR2

c Ns < 5 %. Thus, as a general trend in our
samples, the impurities are on the average too far from the
dot region, so that the line broadening due to the statis-
tical distribution in the doping plane cannot explain the
experimental observations. Finally note that this contri-
bution would lead to a broadening which is linear with Ns

(in our low doping concentration case), in contradiction
with our experiments.

We thus assume that the dominant broadening comes
from fluctuations in the QD size. The QDs are modelled
by truncated cones of height h, basis angle 30◦ and an
average basis radius ρ =

√
ab. In order to account for the

broadening of the FIR resonance as well as of the PL peak,
we have to consider both fluctuations in the height h and
in the radius ρ of the QDs.

As it is not clear if there is any growth-related cor-
relation between h and ρ, we determine the fluctuations
in vertical and lateral sizes from the experimental results
obtained on the samples with the lowest doping level: A1
for series An and B1 for series Bn. In these samples the
FIR magneto absorption resonances are associated with
intraband s−p transitions while the PL peak corresponds

Fig. 6. Vertical (h) and lateral (ρ) size domain for QDs in sam-
ples A1 and B1 represented in a (h, ρ) diagram. Such domains
are determined from the experimental results as explained in
the text. s-p and s-s denote the energy of the intraband and in-
terband transitions respectively and the solid lines correspond
to constant s-p or s-s energy given in meV. The QD electron
filling N calculated at zero magnetic field is indicated within
the size domain.

to the interband s− s transition. For each set of parame-
ters (h, ρ), we calculate the intraband energy denoted s−p
as well as the interband energy denoted s − s (energy of
the ground trion state) and we draw in a ρ, h diagram the
iso-energy lines corresponding to constant values of either
s − p or s − s. We then use the line-width of the FIR
resonance and of the PL peak in order to obtain the size
domain of the QDs for both An and Bn series, as follows.

Results obtained for A1 and B1 are shown in Fig-
ure 6. For A1 the PL peak spreads from 1132 to 1217 meV
(these values correspond to the FWHM). The upper FIR
intraband transition at B = 0 occurs at 51 meV with a
FWHM of 3 meV. Thus, the two iso-energy lines sp =
49.5 and 52.5 meV together with the two iso-energy lines
ss = 1132 meV and 1217 meV form a polygon which de-
fines the vertical and lateral size domain for QDs of sam-
ples An. Each point within this polygon corresponds to
a couple (h, ρ) which is consistent with the line-width
of both PL and FIR resonance in A1. The QD size-
distribution in series An is defined as follows: we consider
the product of two Gaussian functions along the s−s and
s − p iso-energy directions. The width of each Gaussian
function is given by the sides of the polygon shown in Fig-
ure 6. A similar analysis using the experimental results in
sample B1 give the QD size-distribution in series Bn. Note
that our analysis leads to height fluctuations of ∼ ±0.4 nm
which correspond to variations of ±one or two monolay-
ers. The fluctuations in the average QD radius ρ are found
to be ∼ ±1 nm.

The size fluctuations correspond to QD energy level
variations which can be larger than the Coulomb repul-
sion. For instance, let’s consider two different QDs whose
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Fig. 7. Size domain and QD electron filling in samples A2 and
B2 at zero magnetic field.

parameters (ρ, h) and (ρ′, h′) are within the polygon. If
µN+1(ρ′, h′) = µN (ρ, h), then both filling N and N + 1
coexist in the sample. This leads to a non-uniform elec-
tron filling of the QD ensemble if one assumes a constant
chemical potential at thermal equilibrium. The calculated
resulting filling N is indicated for A1 and B1 in Figure 6.
Two different fillings are obtained for A1. QDs with N = 0
do not contribute to the FIR intraband transition but only
to the PL peak. Most of the populated QDs have a fill-
ing N = 1, higher filling appearing only in the tail of the
Gaussian distribution. A similar analysis is shown in Fig-
ure 7 for sample A2 for which QDs with N = 2, 3 and
4 are predicted. The arrows labelled N = 1, 2, 3, 4 in Fig-
ure 1 indicate the calculated energy of the FIR transitions
at B = 8 and 15 teslas for electron filling N . For each N ,
the values of h and ρ used in this calculation are the aver-
age (within the N-related part of the polygon) QD height
and radius given by the size distribution of the series An.
The agreement between the predicted transition positions
and the experimental resonance is quite good for all the
samples we have investigated. Note that we have analyzed
in Figure 1 only the upper energy minimum which is asso-
ciated to the B-increasing transitions in each sample. The
lower energy resonance is associated to the B-decreasing
transitions and occur at an energy close to that of the
LO-phonon (∼ 35 meV in the InAs/GaAs system). As a
consequence, the polaron corrections, which we have ne-
glect in the present calculations, become significant for
these transitions, leading to a more intricate situation.

Finally, the lineshape of the upper energy resonance
can be simulated for each sample by using the QD size-
distribution, the different fillings N and the value of the
electric dipole matrix element of the intraband transitions.
In order to take into account all the other contributions
to the broadening (for instance, the effect of the statisti-
cal distribution of the ionized dopants discussed above),
a Gaussian energy-broadening of the various transitions
with variance σ = 1.5 meV is included in the simulation.

Fig. 8. QD electron filling in B2 in the (h, ρ) diagram at 28 T.

The dotted lines in Figure 1 show the simulated magneto-
transmission spectra obtained for series An. They repro-
duce rather well both the intensity and the lineshape of
the experimental resonances. For sample A1, only QDs
with N = 1 participate significantly in the FIR absorp-
tion. As shown in Figure 6 by the hatched area, the size
dispersion of these QDs is relatively small which explains
the sharp resonance in this sample. On the contrary, sev-
eral contributions (N = 2, 3, 4) occur in sample A2 which
are not resolved but lead to a broadening of ∼ 10 meV.

We now discuss the FIR results obtained on samples
labelled Bn. Firstly same considerations as before permit
to account for the line profiles of B1 and B2 samples in
Figure 2 (not shown). Sample B1 is predicted to present
a rather uniform filling N = 2 as it is shown in Figure 6.
This occurs because N = 2 corresponds to the filling of
the s shell and, as a consequence, there is a ∼ 50 meV gap
at B = 0 between µ2 and µ3 (see Fig. 5f). The size fluc-
tuations are not important enough to exceed that energy.
On the other hand, sample B2 is predicted to have a non-
uniform filling (Fig. 7) at B = 0 with N = 2 to 5 and a re-
markable homogeneous filling N = 4 at B = 28 T (Fig. 8).
This arises because of the orbital Zeeman effect of the p
states. A large gap opens at high magnetic field between
µ4 and µ5 (∼ 70 meV at 28 T, see Fig. 5f) which homog-
enize the filling of the QDs. The solid and bold dashed
lines in Figure 3 show the theoretical B-dispersion of the
magneto-optical transitions calculated for N = 2 and 4 re-
spectively using h = 2.5 nm, a = 13.2 nm, b = 14 nm. Note
that a fair agreement is obtained with the experimental
results. In particular, such calculations explain the exis-
tence of a low energy resonance at 28 teslas around 20 meV
in B1 which is not observed in B2 (Fig. 2). As mentioned
in Section 3, sample B3 displays a broad and intense min-
imum which does not correspond to a QD excitation but
behaves as the cyclotron resonance (CR) of a 2DEG. This
observation suggests that all the electrons are no longer
confined in the QDs but that some are delocalized in the
wetting layer. The dashed line in Figure 3, which accounts
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Fig. 9. Solid line: calculated QD chemical potential for N = 6
using the average QD size of sample B3. Dashed lines: wetting
layer energy for WL thickness of 1, 2 and 3 ML.

very well for the experimental data, is the calculated CR
energy using m∗ = 0.06m0. Such a cyclotron mass is quite
reasonable for the In(Ga)As wetting layer. Indeed, taking
into account the effects of strain, interdiffusion and band
nonparabolicity due to the carrier confinement, brings the
mass of In(Ga)As not far from that of GaAs. The situation
in B3 can be understood as follows: QDs with N = 5 or
6 electrons are predicted to have a ground configuration
which is bound but very near the WL continuum. This is
illustrated in Figure 9 which shows the calculated chem-
ical potential µ6 in sample B3 using the average QD size
of series Bn as well as the energy of the WL continuum
for a thickness of 1, 2 and 3 mono layers. This means that
for N = 5 or 6, the excited states are resonances inside
the two-dimensional continuum of states of the WL. The
FIR transitions between bound and continuum states cor-
respond to weak and broad absorption which are not mea-
sured in our experiments. On the other hand, it is clear
in Figure 9 that the 6-times charged QDs become unsta-
ble in the presence of trapping levels in the WL. In fact,
the decrease of the WL continuum edge due to a 1 ML
fluctuation (∼ 25 meV, see Fig. 9) is of the same order
of magnitude as the repulsive coulombic coupling among
the bound electrons (∼ 20 meV). Thus the configuration
where 1 electron leaves the dot to become trapped in a
WL defect can become energetically more stable and this
would explain the existence of the CR-like line in sam-
ple B3.

We finally discuss the approximations made in our the-
oretical calculations of the multi-electron states. A config-
uration interaction scheme including s and p states was
used neglecting both the d-states and the WL. One can
now easily understand why the d states are little relevant
in our analysis. For dots with N = 1 or 2 electrons (for
instance in sample A1), only the s shell is occupied and
there is no additional p-to-d transitions. The only effect of
adding the d states is to slightly modify the energy posi-

tion of the s-to-p transitions. This would not lead to any
relevant contribution to the measured broadenings. For
dots with N = 3 or 4 electrons, the p shell starts being
occupied and p-to-d transitions are expected to lead to ad-
ditional descending (energy decreases with the magnetic
field) transitions. However, all the previous discussions re-
lated to the broadening effects have concerned exclusively
ascending (energy increases with the magnetic field) tran-
sitions, so that the d states are irrelevant for the analysis
of these transitions. Finally, QDs with N = 5 or 6 have a
ground configuration which is very near to the WL con-
tinuum and have no bound excited states. We have not
observed the FIR transitions between bound and contin-
uum states. We have also neglected in our calculations
the WL states which could lead to some corrections to
the transitions energies. However, these high energy states
should be rather insensitive to small size fluctuations, and
thus would lead to dot-independent corrections and not
contribute to the line broadening.

6 Conclusion

We have studied doped self-assembled InAs/GaAs QDs
with an average filling ranging from 0.6 to 6 electrons us-
ing both FIR magneto-absorption technique and PL mea-
surements. We have investigated two series of samples.
In each series the doping level was varied from sample
to sample, all the other growth parameters being exactly
similar. The FIR spectra show significant changes in the
magnetic field dispersion and in the line-width of the ob-
served resonances as the doping level is varied. In order to
analyse these results, we have calculated the few-electron
states of the QDs under magnetic field, from which we
have deduced the energy and the oscillator strength of the
FIR magneto-optical transitions. The energy positions of
the observed resonances agree with our calculations. The
resonance lineshape can be explained by the filling fluc-
tuations of the QDs. Among the different effects which
can be invoked to explain the non-uniformity of the fill-
ing, we have considered both the statistical distribution of
the dopant and the QD size fluctuations. We have calcu-
lated that the perturbation of the QD levels by the ion-
ized dopants leads, for the low density of dopants used in
our samples, to small energy corrections which could not
account for the observed line broadenings. We thus con-
clude that the size dispersion constitutes the dominant
effect which governs the filling uniformity of the QDs. For
each sample series, we have determined the amplitude of
the fluctuations in vertical and lateral size from the ex-
perimental results obtained on the sample with the lowest
doping level. The QD size-distribution is then deduced for
each sample as well as the filling distribution. The FIR
magneto-transmission spectra are finally simulated. The
simulations reproduce rather well both the intensity and
the lineshape of the experimental resonances. A consistent
description of QD size-dispersion and filling fluctuations
is obtained for all the investigated samples. Moreover, our
results show that up to 6 electrons can be transferred into
the QDs but configurations with N = 6 electrons be-
come unstable with the delocalization of some electrons
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in the WL. In conclusion, FIR magneto-optical technique
appears to be an effective tool to obtain informations re-
garding the dot size homogeneity and the related electron
filling uniformity in doped self-assembled QD system.
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7 (UMR 8551). This work has been partly supported by a New
Energy and Industrial Technology Development Organization
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