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Abstract. We analyze experimentally the spatio-temporal dynamics of the transverse structures appearing
in broad area edge-emitting semiconductor amplifiers under CW optical injection. We demonstrate that,
in certain conditions, the light reflected by the system exhibits a multipeaked structure whose dependence
on the parameters suggests an interpretation in terms of cavity solitons. These structures can exhibit
self-pulsations with periods of the order of few milliseconds, which we explain in terms of regenerative
thermal oscillations. In a particular device, we generate two single-peak structures which are spatially
uncorrelated, as required for cavity solitons. A microscopic model shows good agreement with the main
body of the experimental results.

PACS. 42.70.Nq Other nonlinear optical materials; photorefractive and semiconductor materials –
42.65.Tg Optical solitons; nonlinear guided waves

1 Introduction

Applications to information technology are one of the
goals of the extensive work in the field of transverse pat-
terns formation in nonlinear optical systems [1–6]. The
problem of the correlation among different parts of an op-
tical pattern can be solved by generating spatial structures
which are localized in a portion of the transverse plane in
such a way that they are individually addressable and in-
dependent of one another. Such structures, called cavity
solitons (CS) have been theoretically predicted in non-
linear materials inside a cavity [7–14]. These phenomena
have been observed in macroscopic cavities [15–17] and in
systems with feedback [18–20].

Most interesting from the practical viewpoint is the
case in which the medium is a semiconductor. In fact,
we consider an optical cavity containing a semiconduc-
tor medium and driven by a stationary holding-beam as
it was theoretically described in [21]. Generation of 2D
spatial patterns and phenomena of light localization have
been observed [22]; a clear-cut experimental demonstra-
tion of CS in semiconductor devices has been obtained
recently [23], using a 2D device (VCSEL below threshold)
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with a large Fresnel number, only after overriding a num-
ber of limiting factors linked to the thermal heating of the
sample, and to its homogeneity in the transverse plane.

In this joint experimental-theoretical investigation we
focus on active broad-area devices with 1D geometry. We
show the formation of isolated intensity peaks, that can
be spontaneously generated by the system or induced by
the injection of pulses in the transverse section; in the lat-
ter case, they persist after the passage of the pulse. Upon
variation of the wavelength of the driving field, we obtain
first a one-peaked structure which is a cavity soliton can-
didate. By increasing gradually the modulus of the (neg-
ative) cavity detuning, the one-peaked structure evolves
to multi-peaked structures with three and five spatially
correlated peaks. Our numerical simulations, which agree
very well with the experimental findings, show that these
structures are portions of a periodic 1D pattern of the
kind first predicted in the framework of the paradigmatic
model [24], and that the finite size of the sample allows
for accommodating only a limited odd number of peaks of
the pattern according to the value of the cavity detuning.

Finally, under appropriate conditions we obtain emis-
sion on two peaks which are shown to be dynamically
independent of each other, thus proving that the corre-
lation length of these structures is actually shorter than
the transverse size of the device. This provides us with
one of the necessary conditions for the formation of cavity
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Fig. 1. Scheme of the experimental set-up. SOA: broad-area
semiconductor amplifier, C: collimator, BS: beam splitter, L:
lenses, M: mirror, AOM: acousto-optic modulator, OD: optical
diode, CCD: CCD camera, D: linear array of detectors.

solitons. However, a full validation of these two peaks in
terms of CS is still missing due to thermal effects and
possibly inhomogeneities in the semiconductor medium,
but we indicate possible routes to overcoming the present
limits.

2 The experiment

The experimental set-up is shown in Figure 1. The semi-
conductor amplifier is a commercial 980 nm edge-emitting
laser (Thorlabs L9801E3P1) having a transverse section of
100 µm × 1 µm. The front facet is antireflection coated.
Longitudinal modes are separated by 39 GHz from which
we infer a longitudinal length of the laser cavity of the
order of 1 mm (index of refraction of 3.5). The laser is
mounted on a thermally stabilized submount (better than
0.01 ◦C) and it is biased by a very stable (better than
0.01 mA) current source. Since we operate the laser as
an optical amplifier we keep the bias current (I) above
transparency and below threshold. In order to reduce the
divergence of the laser output we use a high numerical
aperture (0.68) collimator. The near field emission of the
amplifier is obtained by using crossed mounted cylindri-
cal lenses and recorded on a CCD camera. We also use a
16-element linear silicon PIN photodiode array (100 kHz
bandwidth) in order to monitor the intensity output from
small regions of the transverse plane. This is useful for
detecting synchronously the time behavior of coexisting
localized structures.

The holding-beam is provided by a tunable, thermally-
stabilized, high-power semiconductor laser (master laser)
emitting around λ ∼ 980 nm. The maximum power avail-
able for injection is around 8 mW. An optical isolator
(>30 dB isolation) avoids back reflections from the ampli-
fier and from the detection system onto the master laser.
The optical power injected into the amplifier is controlled
by an acousto-optic modulator (AOM), and the holding-
beam is aligned with the amplifier’s optical axis and ex-
panded to guarantee a homogeneous intensity profile over
the whole transverse section of the amplifier. During our
experiment we varied two main parameters: the optical
injection power P and the detuning δν = νc − ν0 between
the master laser emission frequency (ν0) and the closest
longitudinal cavity resonance of the amplifier (νc). Con-
sequently, the detuning range is limited by the separation

Fig. 2. Total output from the amplifier as the injected power is
varied, we observe hysteresis in the amplifier response. Pump-
ing current of the amplifier: I = 0.98Ith.

between two consecutive longitudinal modes of the ampli-
fier (0 < δν < 39 GHz).

One of the main features of cavity solitons is that they
may exist in parameter regions such that an optical pat-
tern coexists with a homogeneous state of low intensity.
Thus we modulate the injected power with the AOM and
we look for hysteretical behavior of the total output power
as a function of the injection power. We observed that
the most favorable conditions correspond to injection fre-
quencies close to the amplifier cavity resonances that lie
in the vicinity of the amplifier gain peak. Figure 2 shows
a typical trace obtained in such a case, and by looking
at the CCD camera we can determine that the low inten-
sity branch corresponds to homogeneous emission while
the high intensity branch corresponds to a single-peak
structure (Fig. 3). Since for the biasing current used in
the experiment (0.80Ith < I < 0.99Ith) the gain curve
of the amplifier is broader than 1.5 THz, there is a large
range of master laser frequency for which the interaction
with the amplifier gives rise to hysteretical switching be-
tween the homogeneous state and a patterned emission.
Indeed, a variation of the frequency of the master laser
by multiples of 39 GHz allows to reproduce the observed
behavior, thus evidencing the role of the amplifier cavity
resonances. We must finally note that the width of the hys-
teresis cycle depends on the frequency of the modulating
signal applied to the AOM; in addition, for low modula-
tion frequency, it is observed that the hysteresis cycle is
described in the reverse direction, as previously described
in the literature [25]. As we discuss later on, we explain
these facts by a thermal drift of the amplifier’s resonances
due to the strong changes in intracavity field that cannot
be compensated by the thermal stabilization system.

By fine-tuning the wavelength of the injected field
around any of the cavity resonances of the amplifier that
lie close to the gain peak, the spatial profile of the emission
changes. We fix the injected optical power to the value cor-
responding to the center of the hysteresis cycle (Fig. 2),
and as the injection frequency is changed, we observe that
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Fig. 3. Spatial profile (near-field) of the amplifier emission cor-
responding to the upper branch of the bistability cycle (A) and
to the lower branch of the bistability cycle (B). The parameters
are the same of Figure 2.

the spatial pattern corresponding to the high intensity
branch evolves from a single-peak into more complicated
structures with three and finally five peaks as we increase
the detuning (see Figs. 4 and 5). It is important noting
that the profiles shown in Figure 5 cannot be interpreted
as Hermite-Gauss modes of a rectangular cavity. Hermite-
Gauss modes presents a multi-peak structure but the am-
plitude of the peaks grows when approaching the borders
of the structure. Instead, in our case, we observe that the
amplitude of the peaks decreases from the center of the
structure, as observed for filamentation [26].

In order to clarify the possibility for these structures to
be cavity solitons, we have performed different tests. The
most important is related to the use of a writing beam: a
small (∼10 µm waist) beam superimposed to the holding-
beam and coherent with it. The writing beam targets a
point of the transverse plane of the amplifier in order to
switch-on the localized structure from the homogeneous
emission state where the system is prepared by proper
setting of the holding-beam intensity. This test has re-
vealed that (i) it is possible to create a single-peak struc-
ture in a relatively wide region of parameter space, (ii) it is
not possible to create the single-peak structure in another
point than the one where it switches on spontaneously for
high enough power of the holding-beam, (iii) the peaks of
the structures in Figures 5b and 5c cannot be switched
on independently. This last observation indicates that the

Fig. 4. Two-dimensional profiles of the amplifier emission
(near-field) as the frequency of the injected field is increased
around a resonance of the amplifier cavity. Since it is impossi-
ble to measure the real detuning between the injected field and
the cavity resonance, we assume that ∆ν = 0 GHz for the situ-
ation where a single-peak profile is observed. (a) ∆ν = 6 GHz,
(b) ∆ν = 0 GHz, (c) ∆ν = −3.5 GHz, (d) ∆ν = −6.5 GHz.
The parameter values correspond to the center of the hystere-
sis cycle of Figure 2: P = 6 mW, I = 0.98Ith. The intensity
level is represented by a color scale from black to white.

Fig. 5. One-dimensional profiles corresponding to the profiles
of Figure 4 with subtraction of the background emission (no
injection); A: ∆ν = 0 GHz, B: ∆ν = −3.5 GHz, C: ∆ν =
−6.5 GHz. P = 6 mW, I = 0.98Ith.
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observed structure cannot be considered an ensemble of
independent entities. As a second test, we tried to use
a phase gradient in order to move the single-peak struc-
ture, as predicted for cavity solitons, but the bright spot
remains always pinned at the same point.

More insights can be obtained by monitoring the time
behavior of these structures by a fast photo-detector
(100 kHz bandwidth), instead of the time-averaging CCD
camera. This test reveals that the structures observed in
Figure 5 exhibit periodic pulsing from the on-state to the
off-state on a timescale of few milliseconds, characteristic
of thermal drifts in the cavity resonances [25] (this be-
havior can be seen in Fig. 7, panel 5, discussed further in
this article). The application of the writing beam, target-
ing the single-peak structure, affects the flickering period
and it can even stabilize the structure in the on-state,
but as soon as it is removed, the oscillation restarts . In
addition, we have observed that the flickering period can
also be controlled by changing the phase of the writing
beam with respect the phase of the holding-beam: for a
relative phase difference of π, the flickering frequency is
minimal and the structure stays most of the time in the
off-state. Removing the writing beam, the flickering fre-
quency comes back to the value previous to the application
of the writing beam. These observations indicate that the
structure is oscillating with a period imposed by the local
value of the injected field, as already reported in [25]. The
self-oscillating character of the structures prevents from
full controlling their on/off state by mean of the writing-
beam. A full experimental assessment of the single-peak
structure in terms of cavity soliton, as the one performed
in [23], requires to get rid of the thermal drift. This may
be achieved using devices with a better heat sinking and
further tests are in progress in this direction.

In general, we are not able to switch more than one
single-peak structure in the transverse plane of the am-
plifier. In fact, considering that the size of the single-peak
structure is approximately 25 µm and that the length scale
of the boundary layers is of this same order of magni-
tude, there is not enough “room” to write a second inde-
pendent single-peak structure. Moreover, the single-peak
structure appears always pinned at the same central point
of the transverse plane. This localization could be induced
by some current or thermal gradient in the amplifier sec-
tion or by some material defect in the laser facets, so we
tried several nominally identical amplifiers in order to as-
sess the influence of these device-dependent characteris-
tics. We found the same qualitative behavior but, inter-
estingly, every amplifier had different pinning positions for
the single-peak structure. This pinning effect has recently
been attributed (in the case of vertical cavity amplifiers) to
inhomogeneities in the semiconductor layers, introduced
during the fabrication process [23].

In a particular device, pinning occurred at the sides
of the transverse section of the amplifier, leaving enough
room for placing a second single-peak structure. In this de-
vice it has been possible to switch two single-peak struc-
tures close to the borders of the transverse section (see
Fig. 6).

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Time-averaged near-field profile of the amplifier emis-
sion (right) and respective vertical cross-section (left) for the
device where the two single-peak structures are pinned at the
borders. The intensity level is represented by a color scale from
black to white. Upper panel: I = 0.995Ith mA, P = 8 mW:
both structures are in the high-power state, lower panel: I =
0.995Ith mA, P = 6 mW, the structure A is in the high-power
state while the structure B is flickering resulting in a lower
averaged emission level (see Fig. 7, panel 5).

In Figure 6 we show the time-averaged emission pro-
file of the amplifier for two different holding power levels
and for I = 0.995Ith. In the upper panel, corresponding
to holding-beam power P = 8 mW, both structures are
switched on and they have approximately the same (av-
eraged) intensity. As the injected power is decreased to
P = 6 mW (lower panel in Fig. 6) the time-averaged pro-
file shows that the structure B is in a low-power state
while the structure A remains on the high-power state.

A more complete information is obtained by examining
the time behavior of each of these single-peak structures,
which can be obtained by picking the signal from the ele-
ments of the linear detector array that are detecting these
structures. In Figure 7 we show the dependence of the
dynamics of each structure as the power in the holding-
beam is varied. The upper (lower) trace corresponds to the
single-peak structure called A (B) in Figure 6, and they
have been shifted for the sake of clarity. For I = 0.980Ith

and low power in the holding-beam (P = 5 mW, see
Fig. 7-1), structure B is constantly in the low-power state,
while structure A is most of the time in the low-power
state but sporadically it exhibits pulses towards the high-
power state. These pulses have an almost constant dura-
tion and amplitude, but the time-interval between pulses
is changing randomly (see [25]). Increasing the holding-
beam power (P = 6 mW, Fig. 7-2), the switching rate of
structure A to its the high-power state increases until, for
P = 7 mW (Fig. 7-3), structure A remains now most of
the time in the high-power state, while structure B keeps
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Fig. 7. Temporal evolution of the intensity of each of the two
single-peak structures shown in Figure 6 as the injection power
is increased. The time trace of structure A has been shifted of
2 vertical units for clarity. (1) P = 5 mW, I = 0.98Ith mA,
(2) P = 6 mW, I = 0.98Ith, (3) P = 7 mW, I = 0.98Ith,
(4) P = 5 mW, I = 0.995Ith, (5) P = 6 mW, I = 0.995Ith,
(see corresponding time-integrated profile in Figure 6, lower
panel). (6) P = 7 mW I = 0.995Ith. Finally (not shown), for
P = 8 mW, both structures are constantly on (see 6, upper
panel).

staying constantly in the low-power state. Further increas-
ing of the holding-beam power to the maximum level avail-
able in our set-up (P = 8 mW), leads to a situation where
structure A is switching to the low-state only sporadically,
while structure B remains in the low-power state. In order
to bring the structure B to the high-power state it is nec-
essary to increase slightly the amplifier pumping current.
In Figure 7-4, I = 0.995Ith and P = 5 mW: structure
A is now constantly in the on-state, but structure B is
switching to the high-power state. Increasing the holding-
beam power to P = 6 mW (Fig. 7-5) makes structure
B to periodically switch from the high-power state to the
low-power state, while structure A remains in the on-state
and finally, for P = 7 mW (Fig. 7-6) both structures are
almost constantly in the on-state.

This test proves that (i) the two structures are not cor-
related and one can flicker while the other keeps constantly
in the same state and (ii) for the maximum holding-beam
power available in our set-up (P = 8 mW), the activa-
tion of one structure requires a pumping current value of
the amplifier slightly larger than for the activation of the
second one. This difference is probably due to inhomo-
geneities of parameters along the device, e.g., the current
profile or the heat extraction.

The sequence observed for each single-peak structure
may be explained in term of self-regenerative thermal os-
cillations [25]. As the structures switch on, the changes in
intracavity field induce a slow change in the temperature
of the active region that shifts the cavity resonances un-
til the structure is not stable anymore. At this point, the
structure switches off and the emission level drops sud-
denly. The local temperature then recovers slowly and,
after a while, the condition for stability of the structures
is restored and the structures switch on again restarting
the cycle. If the injection power is far above (far below)
the switching point the temperature variation is not strong
enough to affect the stability (the instability) of the struc-
ture and therefore this remains constantly on (off). This
hypothesis explains the existence of two well separate time
scales in the time series, justifies the extremely low time
scale of the fluctuations and explains why for large injec-
tion power the structure is most of the time on while for
low injection power it is most time off. It has been theo-
retically predicted that thermal effects leading to thermal
drift of cavity resonance may induce these self regenerative
oscillations [27].

3 Theoretical model and comparison
with experiments

We consider a model describing a laser diode with a large
transverse section, in which the active material consists
of few Quantum Wells of GaAs/AlGaAs type (MQW).
Current is injected into the sample to create a population
inversion, but the device is kept below the laser threshold.

The basic equations governing the dynamics of the sys-
tem are derived in the paraxial and slowly varying enve-
lope approximations, mean field limit and single longitu-
dinal mode approximation [28,29].

The geometry of the device makes the system
essentially 1-dimensional: the dynamical equations can be
therefore cast in the following form

∂Ẽ

∂t
= −(1 + iθ)Ẽ + ẼI + iΣχnlẼ + i

∂Ẽ

∂x2
(1)

∂Ñ

∂t
= −γ

[
Ñ − Ĩ −�m(χnl)|Ẽ|2 − d

∂Ñ

∂x2

]
. (2)

The dynamical variables are the adimensional electric field

Ẽ =
√

ε0τrLA

�N0
E, (3)

and the normalized carrier density Ñ = N/N0, where ε0
is the vacuum dielectric constant, τr is the nonradiative
recombination rate of carriers, LA is the thickness of the
active material, and N0 is the carrier density at trans-
parency.

ẼI is the adimensional slowly varying envelope of the
field injected into the cavity, at frequency ω0, propagating
through the material with velocity v = c/nb, where nb is
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the background refractive index of the semiconductor. Ĩ
is the normalized injected current.

Time is scaled to the photon lifetime τph = 2L/vT ,
with L being the cavity length and T the mean value of the
front (TF ) and back (TB) mirror transmissivity, while the
transverse coordinate x is scaled to the diffraction length

la =
√

τphv2/2ω0. The adimensional decay rate γ is the
ratio of photon to carrier lifetime γ = τph/τr, while θ =
(ωc − ω0)τph is the cavity detuning parameter, where ωc

is the longitudinal cavity frequency closest to ω0.
The bistability parameter Σ is defined as

Σ =
LAω0

nbcT
; (4)

Σ plays essentially the same role as the parameter C of
optical bistability [30,31], used e.g. in the two-level sat-
urable absorber model [11,32].

The 1D transverse Laplacian in the field equation (1)
describes diffraction in the paraxial approximation, while
in the carrier equation (2) represents carrier diffusion, with
an adimensional diffusion coefficient d.

The radiation-matter interaction is described by the
complex nonlinear susceptibility χnl, which is a function of
the carrier density N and of the frequency of the injected
field ω0. It is derived in the framework of the Semiconduc-
tor Bloch Equations theory [33]. In considering a MQW
structure, we take into account the two main many-body
effects which affect the optical response of the medium.
The first one is the density-dependent contribution to
the transition energy (the so-called band–gap renormal-
ization), the second one is the Coulomb enhancement, cal-
culated in the Padé approximation.

We will omit here the description of the explicit de-
pendence of the nonlinear susceptibility χnl on the carrier
density N and on the input frequency ω0: the reader can
find it in a previous paper of ours [34].

We note that the mean field limit, that suppresses the
longitudinal variations of the dynamical variables, is not a
good approximation in this device, because of the length
of the cavity (1 mm approximately) and of the poor re-
flectivity of one of the two mirrors of the cavity. Models
that go beyond the mean filed limit are under study [35],
and will be the object of a future publication.

It is important to remark that thermal effects have not
been included here, while they have been analyzed and
modelled in a number of papers of ours [27,36,37]. Nev-
ertheless, the model presented in this manuscript gives
useful insights on the stationary spatial solutions of our
uni-dimensional device, that is, on pattern and CS for-
mation, while it cannot adequately describe the temporal
behavior of these solutions.

In order to compare our predictions with the experi-
ments, we have to take into account the relation between
the intracavity field and the reflected field. In our nota-
tion, this relation for a Fabry-Perot resonator reads [38]:

ẼR = ẼI − σẼ , (5)

Fig. 8. Numerical transverse profile of the reflected field of
the driven diode laser. As the input frequency is increased (the
cavity detuning θ is decreased, becoming more negative), the
number of peaks increases. The number of peaks is also visible
from the gray-scale intensity diagram on the right.

where the parameter σ depends on the transmissivity of
the front mirror: σ = TF /T . Note that if the two mirrors
have the same transmissivity σ = 1.

Following the usual procedure [28,29] we found the
homogeneous steady states, and studied their stability
against spatially modulated perturbations, by performing
the linear stability analysis. In this way, we were able to
find extended parametric ranges where a modulational in-
stability of the Turing type affects the upper branch of the
steady-state curve, while the lower branch is stable. This
the most favorable scenario for finding cavity solitons.

We integrated numerically the dynamical equations,
by means of a split-step code, assuming a top-hat profile
for the current to simulate the finite extension of the gain
region. This assumption is fundamental for the agreement
between theory and experiments.

It is not possible to know the exact parametric values
for a specific experimental measurement and therefore to
match such values for experiment and theory. However, we
can compare the trend as a specific parameter is changed.
In Figure 8 we show the amplitude profile of the reflected
field obtained by varying the frequency ω0 of the driving
field (the detuning parameter θ in the numerical plots).
As ω0 is increased (θ decreased) the number of peaks in
the transverse profile increases. We can note the excel-
lent agreement between theory and experiments, compar-
ing with Figure 5.

The passage from a one-peaked structure to three-
peaked, five-peaked and so on, which is also very well
visible in the rightmost plot of Figure 8, is reminiscent
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Fig. 9. Numerical transverse profile with two independent CSs
present in the reflected field of the driven diode laser. These
structures can be independently switched on and off.

of the sequence of bifurcations predicted in the general
theory of reference [39]. However, our numerical simula-
tions show that the structures shown in Figure 8 corre-
spond to a truncated version of the full 1D pattern of
the kind first predicted in reference [20], where the trun-
cation is introduced by the finite size of the active
region. The multi-peaked structures predicted in [39]
correspond, instead, to localised boundary-independent
structures with 3, 5... peaks.

Similar sequences can be obtained by varying the
holding-beam intensity.

In Figure 9 we show a numerical reflected field profile
where two CS are simultaneously present. These struc-
tures result totally independent of each other: they can be
excited independently by means of localized laser pulses
added to the holding-beam and they can be independently
erased.

As for the thermal oscillations of one of the peaks in
Figure 6, we have to mention that we did not find neither
theoretically nor numerically any oscillation involving one
single structure. In reference [27,37,36] we introduced a
model including the lattice temperature dynamics, but we
found regenerative oscillations of the whole beam [27,37]
or a thermally induced motion of CS and patterns [36,37].

4 Conclusions

In summary, we have experimentally analyzed the spatio-
temporal dynamics of the transverse structures appearing
in broad area edge-emitting semiconductor amplifiers un-
der CW optical injection. We have demonstrated that, in
certain parameter ranges, the emission of the system ex-
hibits a multipeaked structure. The evolution of the struc-
tures with the parameters is compatible with an interpre-
tation in terms of cavity solitons, but the tests performed
reveal that these structures are strongly influenced by the
transverse boundary conditions and they also seem influ-
enced (pinning, addressing) by accidental defects in the

semiconductor medium. However, we have obtained two
single-peak structures in the same device that exhibit un-
correlated dynamics. Therefore devices with larger Fresnel
numbers are required in order to achieve the formation of
bona fide CSs.

Finally, it must be noted that often self pulsation of the
structures with periods on the order of 1 ms is observed,
which can be explained in terms of regenerative thermal
oscillations. The present indications are encouraging be-
cause they clearly show the basics of pattern formation
and localisations of spatial structures; they open the path
to new experiments employing lasers with larger Fresnel
number and better transverse homogeneity, both material
(s.c. medium) and electric (current profile). An improved
heat sinking might provide the necessary taming of the
thermal drifts affecting the stability of these structures.
A similar route led to the observation of CS in semicon-
ductor microresonators [23], after thermal and boundary
effects were dealt with [22].

A model describing the dynamics of the system was in-
troduced, taking into account the most relevant features
of the real device, such as the 1D geometry and the finite
current profile. By varying the input field frequency we
were able to validate the phenomena observed experimen-
tally: starting from a single-peak structure the reflected
field displays three peaks and by increasing further the
frequency a five-peaks pattern develops. Furthermore, by
injecting an additional pulse (writing beam) into the sam-
ple, centered at two different positions, we were able to
switched on and off two CSs independently.

This work was carried out in the framework of the ESPRIT
LTR Project n. 28235 PIANOS, the PRIN project Formazione
e controllo di solitoni di cavità in microrisonatori a semicon-
duttore of the Italian Ministry for University and Research,
and the European Network VISTA (VCSELs for Information
Society Technology Applications).
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