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ABSTRACT

In this conference proceeding, we present a novel technique to control the emission of dual-wavelength lasers.
Using a well designed external cavity, we demonstrate that tuning the optical feedback phase allows to efficiently
tailor the output power balance between the two wavelengths emitted by the laser. With this technique, a
complete switch between one and the other mode can also be achieved and we report a suppression ratio up to
40 dB. Due to its simplicity, the structure can be monolithically integrated easily with the laser itself and offers
a precise control of the dual-wavelength emission using a single control parameter.
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1. INTRODUCTION

The capability for a single laser device to emit simultaneously at two distinct wavelengths is a desirable feature
for various applications from the generation of high-frequency signals in the mm-wave or THz range,1 to new
sensing schemes2 or telecommunication systems. In all these examples, there is a strong need to control the emis-
sion of the semiconductor dual-wavelength lasers (DWLs) either to precisely balance the output power between
the two wavelengths or to quickly switch from one to the other wavelength. Unfortunately, this step remains an
issue as DWLs are notoriously difficult to control.
In short, we can distinguish two categories of DWLs. On the one hand, we have devices that intrinsically emit
at only two distinct wavelengths: they either contain frequency selective elements in their cavity - e.g. cavi-
ties closed by Distributed Bragg Reflectors (DBRs)3 - or their gain medium is providing gain in two relatively
narrow bands - e.g. in dual-state emitting quantum dot semiconductor lasers.4 In this case, the DWLs can be
as compact as other similar semiconductor lasers and typically exhibit robust dual-wavelength emission prop-
erties but often limited to a certain range of operating conditions. To put it differently, the devices offer no
real control of their emission properties besides the temperature and the injection current which are ill-suited
to the targeted purpose. On the other hand, devices with a broadband emission can be turned into DWLs
by using external forcing such as filtered optical feedback.5–7 These solutions offer a great flexibility in terms
of wavelength balancing, switching or tuning. However, they typically require simultaneous control of several
forcing parameters to achieve a good result. Moreover their increased complexity leads to a much larger footprint.

In this work, we try to take the best of both worlds and propose a new control scheme using only a small
and simple external cavity which allows to control the DWL emission through a single control parameter. We
demonstrate its viability and report convincing performances using a fully integrated demonstrator manufactured
on a generic foundry platform.
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Figure 1. Graphical summary of the proposed control technique. The top schematic shows a possible minimal imple-
mentation in which the dual-wavelength laser (DWL) is subject to optical feedback, with control of the feedback phase
through the phase modulator. The bottom diagram highlights how the external cavity round-trip time should be defined
and the expected impact of a phase modulation.

2. OPERATING PRINCIPLE

The core idea of the proposed technique is to exploit the Fabry-Perot effect in the optical feedback cavity to se-
lectively boost or suppress one of the two wavelengths emitted by the laser. While the impact of optical feedback
on dual-wavelength lasers has already attracted a certain interest to trigger dual-wavelength emission,8 reduce
the noise9 or control the wavelength power balance,10,11 none of the solutions previously envisaged allowed to
completely take over the laser emission. For instance, in Ref.,8 the proposed approach could not suppress the
excited state emission, and in Refs.10,11 only a very partial control was obtained.
Here, we aim at achieving complete control, i.e. the possibility to fully suppress any mode. Our approach is
further detailed in figure 1 where we show a schematic of a possible minimal implementation. It should be
clear however that figure 1 is a mere example and that many different implementations are possible, including
e.g. splitters, optical amplifiers or two-side emitting lasers. If the emitted wavelength resonates in the feedback
cavity formed by the laser facet and the external mirror, then it will experience a gain boost. Alternatively, if
the wavelength is anti-resonant it will see a slight increase of its losses. To selectively boost or suppress one
wavelength, the cavity should ideally be designed to obtain a relative phase shift of π between the two wavelength
after the propagation in the cavity, i.e. the two wavelengths are out-of-phase. This is shown in the bottom part
of figure 1 where the ideal round-trip time is highlighted. Intuitively, this ensures that only one wavelength can
be resonant at any given time and that the best selectivity is achieved.
Next, we need to tune the external cavity to select which wavelength will experience a gain boost. To do so, we
have to vary the external cavity length at the wavelength scale, but, at such short scale, this is equivalent to
changing the feedback phase. In practice, the former can be achieved using a piezo-electric actuator, while the
latter can be done with a phase modulator. In terms of speed, precision and integration capability, the phase
modulator should be preferred if possible. The targeted effect is displayed in figure 1 where phase variations lead
to a change of the effective round-trip, and, thus, of the resonant mode from λ1 to λ2.
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Figure 2. Schematic of the demonstrator implemented on a photonic integrated circuit. The dual-wavelength laser structure
is shown on the left and the external cavity on the right. Electrical isolation sections, mode filters and shallow/deep
waveguide transitions are not shown for clarity. The specifications of each component is given in the text. The reflection
spectra of DBR 1 and 2 have a limited overlap and are therefore mostly transparent to the other emission wavelength.
This output therefore leads to much higher output power and stronger feedback.

3. INTEGRATED DEMONSTRATOR

To put the proposed concept into practice, we require dual-wavelength lasers which are, unfortunately, not yet
widely and reliably available commercially. In addition, the compactness and simplicity of our scheme would be
best demonstrated in a monolithically integrated system. Thus, we decided to implement our demonstrator on
the generic foundry platform of SMART Photonics in the frame of a Multi-Project Wafer run.12,13 Besides being
a relatively accessible solution for researchers without in-depth expertise in photonic integration, all devices and
systems manufactured in this framework are by essence mass-manufacturable and compatible with other schemes
made on the same platform.
Here, we used DBR-based dual-wavelength devices which have partially been described elsewhere.14 Although
we have studied many different DWLs, we focus here on one specific structure whose schematic is shown in
Figure 2. Two DBRs of 450 µm length are placed in parallel. They both have slightly detuned center wavelength
fixed at λ1 = 1541.5 nm and λ2 = 1539.5 nm respectively, while the cavity is closed by a third DBR with a
center wavelength at 1540 nm. The center wavelength of the 3rd DBR closing the laser cavity is slightly detuned
and fixed at 1540 nm instead of 1540.5 nm which would have been exactly at the frequency between the center
wavelength of the two DBRs placed in parallel. This is done on purpose because the DBRs can all be electrically
tuned to longer wavelengths by current injection. We therefore expect this detuning to give us a certain control
margin of the reflectivity at each emission wavelength, which could help us achieve dual-wavelength emission. A
semiconductor optical amplifier of 500 µm length is placed inside the laser cavity to provide gain.

As described in the previous section, these DWL are coupled with an external cavity with the goal of
controlling their emission. We use a 85/15 MultiMode Interference (MMI) splitter with the 85% output sent
to the chip edge for outcoupling and the 15% one connected to the external cavity. In addition, we include a
semiconductor optical amplifier and an electro-optic phase modulator (EOPM) with a length of 300 µm and
1200 µm respectively to ensure that we have all the necessary flexibility to investigate the impact of the phase-
controlled feebdack on the laser behavior. In particular, the 1.2 mm EOPM is expected to provide up to a 2π
phase shift for a voltage of approximately −8V and possibly up to a 4π phase shift at the highest voltages. The
phase-shift values are of course doubled compared to the typical specification of the foundry because we consider
that the beam will go two times through the phase modulator while doing a cavity round trip. The cavity is
then closed with a broadband MultiMode Interference Reflector. The emission wavelengths are estimated based
on simulations using the Photonic Circuit Simulator INTERCONNECT from Lumerical including the model
library of the SMART Photonics development kit; i.e. the model parameters of the different components being
fitted to match the typical behaviour experimentally recorded by the foundry. The estimated wavelengths are
then used to define the external cavity round trip time and thus the cavity length. Of course, the splitter, the
amplifier and the EOPM already impose a minimal length for the cavity. Thus, we select the shortest round-trip
time giving a suitable π phase shift between λ1 and λ2 corresponding to a cavity length longer that the minimal
length imposed. Besides a reduced footprint, the interest of taking the minimal length for the external cavity
is to remain in the corresponding short cavity regime.15 Indeed, in this case, the laser is known for being more
robust against feedback perturbation which would be detrimental here. In our integrated demonstrator, the
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external cavity has a total length of 2.8 mm.
A Pro8 system from Thorlabs is used to control all amplifiers and the overall temperature of the Photonic
Integrated Circuit which is fixed at 20 ◦C. The EOPM is controlled using a separated DC source (Agilent,
E3649A). The laser light is out-coupled using a standard lensed fiber and all measurements are performed
optically using a high-precision optical spectrum analyzer from APEX (AP2083A, resolution down to 5 MHz /
40 fm).

4. EXPERIMENTAL MEASUREMENTS AND PERFORMANCE EVALUATION

Before testing the proposed scheme, we first verify that the DWL is indeed emitting at the two intended wave-
lengths (without optical feedback). Despite the detuning of the center wavelength of DBR3, we could obtain
dual-wavelength emission but only in a current range of several mAs. In fact, varying the gain current leads to a
switching between the two wavelength, and simultaneous emission is only achieved close to the switching point.
By tuning DBR3, we obtain better dual-wavelength emission characteristics. We therefore fix the DBR current
to 10 mA. With this configuration, around the switching point, we measure λ1 ≈ 1541.8nm and λ2 ≈ 1542.7nm
which is about 2.5 nm longer than the designed wavelength, and with a narrower separation of 0.9 instead of 1
nm. These deviations are however not surprising and well within the expected manufacturing variability range.
We then investigate the impact of optical feedback on the DWL emission. Although switching between the
two wavelengths can be observed in a rather wide range of operating point, the suppression ratio can fluctuate
significantly. Here, we present a positive, but representative case obtained for a gain current of 50 mA. Turning
on the amplifier of the external cavity with a current of 15 mA, and with an EOPM voltage of 0 V, i.e. equivalent
to a connection to ground, the λ1 emission appears to be strongly dominant, as can be seen in Figure 3(a). The
λ2 emission is severely suppressed by more than 30 dB. When increasing the EOPM voltage (in absolute value,
as only a negative voltage can be applied on the EOPM), we first observe an increase of the λ2 suppression up
to about 40 db - as can be clearly seen in the optical spectrum shown in Figure 3(a) - , until a sudden switching
is observed at a voltage of −2 V. At this point, λ2 is turned on while the emission at λ1 is suppressed. The
situation seems rather symmetrical with the suppression ratio being in a similar range between 30 and 40 dB, see
Figure 3(c) for the optical spectrum after switching. A further increase of the EOPM voltage leads to a second
smoother switching after which λ1 becomes again the dominant wavelength. Beyond that, the pattern seems to
repeat itself which is consistent with the expected specifications leading to a 2π phase shift around −8V.

Figure 3. (a) Example of a wavelength switching behaviour induced by variations of the optical feedback phase with
λ1 ≈ 1541.9nm in blue and λ2 ≈ 1542.7nm in red. A current of 15 mA is sent to the semiconductor optical amplifier of
the external cavity. The electro-optic phase modulator (EOPM) is expected to provide a 2π phase shift at a voltage of
approximately -8 V. (b, c) Optical spectra obtained for a EOPM voltage of -2 and -3.2 V for (b) and (c) respectively.
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5. DISCUSSION AND PERSPECTIVES

The experimental results obtained with our demonstrator confirm that the proposed technique can indeed be a
suitable approach to gain more control over DWL emission. We report a strong and repetitive complete switching
between two wavelengths with suppression ratios of more than 40 dB. With the configuration highlighted in this
contribution, the required precision on the control parameter - i.e. the EOPM voltage - is quite low if the target
is to switch completely between the two wavelengths. However, to balance the output power emission at each
wavelength clearly requires a finer tuning of the EOPM voltage; nonetheless, a precision of the order of a few
mVs are likely to be sufficient.
In this contribution, we did not discuss the impact of the feedback strength, i.e. how much light is sent back
to the laser cavity after the round-trip in the external cavity. While this is indeed a crucial point in practice,
a detailed investigation of its impact in our demonstrator did not appear to be relevant at this stage. Indeed,
we observed similar performances for a relatively large range of feedback strengths and it did not appear to be
a crucial parameter. If the feedback is too weak, it might become impossible to suppress the dominant mode. If
the feedback is too strong, dynamical instabilities might be triggered. Nevertheless, both behaviour were only
observed in the extreme side of the possible control range offered by our demonstrator. Moreover, besides some
gain variations, changing the current of the amplifier in the cavity also lead to variations of the feedback phase.
Both are potentially wavelength dependent and could not be quantified with our current setup. Further analysis
of the effect of the feedback strength is therefore left for further investigations.
Finally, the impact of the laser characteristics on the reported behaviour - in particular, the coupling and the
differences between the two emission processes, i.e. gain/loss differences - remains to be investigated. At this
point, the performances of a given system cannot be predicted. For instance, we intuitively expect a link between
the gain difference and the suppression ratio that can be achieved, but we do not have yet any supporting data
with respect to this point. This lack of course calls for an in-depth theoretical and experimental study to fully
validate the proposed scheme.

6. CONCLUSION

To conclude, we have demonstrated that a phase-controlled optical feedback using a precisely designed external
cavity can efficiently be used to selectively boost/suppress a given emission wavelength from a dual-wavelength
laser. The reported behavior has been consistently obtained in different DWL structures and for different
wavelength separation. Although many features remain to be analyzed in more details, these results are promising
and give already an important insight on the possible viability of this technique for industrial applications.
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