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Polariton quantum boxes in semiconductor microcavities
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We report on the realization of polariton quantum boxes in a semiconductor microcavity under
strong coupling regime. The quantum boxes consist of mesas, etched on the top of the spacer of a
microcavity, that confine the cavity photon. For mesas with sizes of the order of a few microns in
width and nanometers in depth, we observe quantization of the polariton modes in several states,
caused by the lateral confinement. We evidence the strong exciton-photon coupling regime through
a typical anticrossing curve for each quantized level. Moreover, the growth technique permits one
to obtain high-quality samples, and opens the way for the conception of new optoelectronic
devices. © 2006 American Institute of Physics. �DOI: 10.1063/1.2172409�
Confining semiconductor structures allows the study of
various fundamental effects, ranging from the Purcell effect
to the full quantum confinement. Such confinement is also
used for applications in many fields, from optoelectronics to
quantum information. Previous works have focused on dif-
ferent aspects: on the one hand, on the matter part, with the
confinement of the excitonic resonances in quantum wells,
quantum wires, and quantum dots. On the other hand, envi-
ronment for the electromagnetic field has been modified by
optical confinement in different types of cavities. Addition-
ally since the middle of the 90s, low dimensional devices
have been realized in the strong coupling regime.1 Confine-
ment can enhance the interactions, modify the real and
imaginary parts of the resonance’s energy, or open access to
new interaction processes. It is also often considered as a
possible way to obtain a condensed phase of bosons in
semiconductors,2 but so far the fermionic nature of excitons
has always become dominant upon increasing density. In this
sense, polaritons are of great interest as, despite their exci-
tonic content, they have a very small effective mass in com-
parison to the exciton �thanks to their photonic component�,
which theoretically increases their temperature of condensa-
tion �above 0.1 K�.3 The peculiar trap shape of the lower
microcavity polariton dispersion curve has motivated several
relaxation experiments towards the bottom of this “trap”4,5

but no clear evidence for the formation of spontaneous co-
herence formation has been given yet.

Zero-dimensional �0D� Polariton confinement can be
achieved either through their excitonic or through their pho-
tonic component. Recently, evidence for 0D polaritons has
been given with single quantum dots in micropillars,6 photo-
nic nanocavities,7 or microdisks,8 and for a large number of
excitations in micropillar structures.9–11 Here we consider a
novel system under strong coupling regime, where 0D con-
finement is achieved through the photonic part of polaritons
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in high Q cavities. Our original structure contains polariton
quantum boxes, constituted by mesas in the spacer layer of a
semiconductor microcavity, allowing to keep the strong cou-
pling regime. Each mesa, by acting on the two degrees of
freedom of the photonic component of the two-dimensional
�2D� cavity polaritons, does create a localized photonic box
in the microcavity.

The main specificity of our technique is that the semi-
conductor microcavity around the mesas is in no way altered
by the creation of the box, contrary to the case of etched
microcavities. This brings about a number of advantages: �i�
the presence of the 2D cavity restricts the lateral losses for
the confined mode, �ii� the number of confined levels in the
quantum box is controlled by the height of the mesa, �iii�
interaction between the 0D and the surrounding 2D polari-
tons is possible, �iv� the technique also allows to create pat-
terns at will, for example polariton quantum wires,12 which
will allow studying possible interactions between 0D, one-
dimensional, and 2D bosons.

By using an original technique, we were able to fabricate
microcavities with mesas etched on the spacer layer. The
mesa lengthens the cavity and thus lowers the cavity mode
energy �see Fig. 1�. This local difference creates a potential

FIG. 1. �Color online� �a� Scheme of a circular mesa. Only the first four
layers of the Bragg mirrors are represented. �b� Scheme of a potential trap
with two confined levels: the ground level �G� and one excited state �E1�.
�c� AFM image of a 9-�m-diameter circular mesa on the surface of the top
mirror. The lateral scales are in microns and the vertical scale is in

nanometers.
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trap for the confined photons. The lateral shape and size of
the mesas are defined by photolithography. The height of the
mesas is determined by the etching process and can be
changed at will. It has to be large enough to allow the exis-
tence of at least one confined level. Here, it has also been
chosen small enough to obtain mesas and planar cavity pho-
ton modes close to the excitonic resonance. Thus we manage
to observe mixed exciton-photon states inside and outside
the mesas on the same part of the sample. Such a method of
defining the structure, by a step of a few nanometers
only, avoids any lateral losses as observed in the micropillar
structure previously published.10

The final structure, schematically represented with a cir-
cular mesa on Fig. 1�a�, is prepared in the following way.
First, we grow 22 AlAs/GaAs pairs of distributed Bragg
reflectors, then the GaAs � spacer, with a single embedded
InGaAs/GaAs quantum well. The 80 Å quantum well with
about 4% indium in gallium arsenide, is chosen to allow
measurements in transmission through the wafer below the
gap of GaAs.13 Then we perform photolithography defining
the pattern of the mesas, and finally the etching, which de-
termines their height. We can design various patterns for the
mesas on a single sample, but the etching process defines a
common height for all of them. Let us stress that the exci-
tonic mode is absolutely not affected by the etching process,
whatever the pattern of the mesa. Finally the regrowth of the
upper 21 pairs is realized again by molecular beam epitaxy,
after an in situ hydrogen cleaning which guarantees a perfect
regrowth interface.

The high quality of the sample can be appreciated by
atomic force microscopy �AFM� measurements. Figure 1�c�
shows a 9 �m-diameter circular mesa on the surface of the
complete structure. Amazingly enough, the 6 nm step height
of the etched mesas is kept even after the regrowth of the
2.5-�m-thick top Bragg mirror. The abruptnesses of the steps
as a function of the crystal orientation is correlated to the
mobility of the elements during growth. The profile along
�011� is much steeper �0.5 �m width� than along �011�
�3 �m width�, which corresponds to a slower mobility of the
atoms. This gives rise to a surface asymmetry along the dif-
ferent crystalline orientations, with a smoothing of the etched
faces that increases proportionally to the overgrowth thick-
ness. The step height corresponds to the change of the pho-
ton mode energy that we calculated by transfer matrix simu-
lations. According to the AFM measurement on the top
mirror of a 6 nm step, we compute an energy difference of
9 meV, in very good agreement with the photoluminescence
experiment results.

Let us first consider the properties of the microcavity, the
effect of etching and regrowth. For this we measure the an-
ticrossing curve of the resonances, resulting from the strong
coupling regime of the 2D polaritons and on large square
mesas of 300 �m, where no confinement effect is expected,
but where the photonic resonance is redshifted due to the
larger length of the cavity. The anticrossing curve is acces-
sible using the wedge of about 4% in this sample. This thick-
ness variation corresponds, for a � cavity, to an energy varia-
tion for the photonic resonance of about 50 meV across the
whole sample. In the zone of interest the variation is about
2.4 meV/mm. As the quantum well’s resonance is less
affected by the thickness, its energy variation is below
3 meV across the whole sample. The spectral properties are

measured in a photoluminescence experiment. The sample,
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cooled to about 10 K, is pumped by an Argon laser
��=532 nm�, at low pump intensity �see later�. The lumines-
cence is analyzed with a 25 �eV resolution spectrometer.
The microcavity features a Rabi splitting energy of 3.5 meV,
and a full width at half the maximum of 220 �eV for the
photon mode, corresponding to a quality factor of Q�7
�103, and of 500 �eV for the quantum well exciton. We
then performed the same anticrossing measurement on the
large square mesas of 300 �m, disposed all along the wedge,
separated by 300 �m one from the other. Finally, we ob-
tained a double anticrossing curve �not shown�. The two pho-
ton modes—on the mesas and around the mesas—are sepa-
rated by 9 meV. The photon mode shows the same linewidth
on both domains. The two anticrossings have exactly the
same characteristics, which guaranties that the etching
process just shifts the cavity mode, as expected.

We now focus on the effect of the quantum confinement
of the polaritons in cylindrical mesas of 3 �m in diameter
�other sizes give similar results�. The laser spot diameter
being �17 �m, the spectra display both the confined polari-
tons of the mesa and the 2D polaritons of the planar cavity
outside the mesa, displaced towards higher energies. Let us
note that the light emission from one single quantum box is
very intense, which allowed us to perform all experiments on
single polariton boxes, well below the nonlinear regime, in
contrast to the case of pillar microcavities.10,11 We consider
first the photoluminescence spectrum of a mesa relatively far
from the excitonic resonance on Fig. 2�a��. The lower polar-
iton mode of the mesa is thus quasiphotonic and probes the
quantum confinement of the photonic box. It is split into
several peaks. For sake of clarity, we will only consider the
ground level �G� and the first excited level �E1�, which is a
doublet. This doublet corresponds to a degeneracy lifting that
results from the asymmetry of the mesas at the level of the
spacer.14 This asymmetry is already present on the photoli-
thography mask and is not linked to any growth or etching
process. The quantized photonic peaks have a spectral width
of about 90 �eV, a factor of 2 smaller than observed on the
nonconfined cavity photon mode. The smallest value mea-
sured reached 70 �eV, indicating a quality factor of
Q�2.1�104 for the confined photon modes �better than for
the 2D photon modes, thanks to the additional lateral con-
finement�. The energy of the ground level is 1.5 meV above
the energy of the bottom of the trap �as observed on the large
mesas at the same position on the wedge�.

To demonstrate the strong coupling even in the smallest
mesas and the polariton nature of the trapped states, we sys-
tematically measured the spectra on mesas disposed along
the wedge, i.e., with different detunings. For the 2D polari-
tons, we are always rather far from the position for which
exciton and 2D cavity photon are degenerate, and the lower
polariton mode stays at the exciton energy on the whole
range of positions shown in Fig. 3. For the confined states,
strong coupling is very nicely demonstrated by the anticross-
ing curve for the emission of each of the two confined levels
of the mesas’ polaritons. They present a Rabi splitting of
around 3.35 meV. The degeneracy lifting of the first excited
level is no longer visible for the lower polariton modes when
their excitonic component is too important. It is not at all
visible for the upper polariton modes, due to additional re-
laxation channels, such as the coupling to continuum states
or lower energy modes. Figure 2�b� displays the photolumi-

nescence spectrum very close to zero detuning in the trap,
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where lower and upper polariton modes confined in the
quantum box are nicely resolved. Despite the relatively large
linewidth of the 2D exciton, the high Q factor and the
very efficient relaxation to the quantum boxes allow one to
observe the confinement for both the lower and upper
polariton states.

In summary, we have reported the realization of a semi-
conductor microcavity in strong coupling regime with em-
bedded polariton quantum boxes. The trap consists of a mesa
in the spacer layer, obtained by a well controlled technique.
Quantum confinement is resolved simultaneously for both
upper and lower polariton modes, and the anticrossing is
resolved separately for all the quantized polaritons. Experi-
mental and theoretical work on the dispersion of the quan-
tized modes is being performed. The coexistence in the same
sample of 2D and 0D polaritons, as well as the possibility to
study a single quantum box, will allow original studies such
as resonant parametric scattering or trapping by spatial relax-
ation. Wide possibilities in the transverse shape of the mesas
also open the way to the realization of various experimental

FIG. 2. Photoluminescence spectra of a circular 3 �m diameter mesa at two
different positions: �a� x=1.04 and �b� x=4.42 �see Fig. 3�. The origin of the
horizontal axis corresponds to the exciton’s energy. Grey circles: lower �2D
LP� and upper �2D UP� 2D polaritons around the mesa. Dark circles: lower
�LG� and upper �UG� polaritons of the ground level of the mesa. Triangles:
lower and upper polaritons of the first excited level �E1� of the mesa. �a� LG
and LE1 polariton states are quasiphotonic. �b� The excitonic and photonic
components are comparable for the confined polariton states. Other confined
levels are visible on both spectra but are not labeled for sake of clarity.
configurations for the bosonic polariton states, which energy,
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wave function, and dimensionality can be
engineered on demand.
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