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Abstract—This work presents the numerical study of two
integrated semiconductor lasers: a single-section distributed feed-
back laser and a three-section laser. The dynamic behaviour of
both lasers is modelled using a system of differential equations
following the Lang-Kobayashi formulation. The results predict
that the multi-section laser overcomes the intrinsic bandwidth
limitations of a conventional single-section laser. This improve-
ment is attributed to the photon-photon resonance effect induced
by the extended cavity, demonstrating a significant enhancement
in frequency comb generation at high repetition rates.

Index Terms—Frequency Comb, Gain-Switching,
Feedback, Photon-Photon Resonance, Rate Equations.
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I. INTRODUCTION

Optical frequency combs based on the gain-switching tech-
nique are an attractive alternative in the optical communica-
tions sector due to their flexible pulse repetition rate. However,
this capability is often limited by the relaxation oscillation
frequency of the laser, which prevents these combs from
operating beyond this frequency [1]. Several studies have
shown that including an extended cavity in the integrated laser
architecture provides a certain amount of optical feedback
capable of increasing the laser’s frequency response [2]-[4].
Therefore, it is logical to deduce that this phenomenon is
also beneficial for gain-switched frequency combs. This paper
presents a comparative numerical study between two inte-
grated lasers with identical characteristics: a single Distributed
Feedback (DFB) laser and a Dual-DFB laser already studied in
previous works [4]. The latter device consists of a DFB region
and an extended cavity composed of a passive waveguide and
a Distributed Bragg Reflector (DBR), which provides optical
feedback.

II. RATE-EQUATION MODEL

A simple way to model the dynamic behaviour of single-
mode lasers is through rate equations [5]. To this end, we
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used the formulation proposed by Lang-Kobayashi [6], which
defines a set of delayed differential equations that shows good
agreement between experimental and numerical results for low
and moderate feedback regimes. The equations are expressed
as follows:
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where N(t) and E(t) represent the carrier density in the
active region and the complex electric field, respectively. The
main parameters responsible for feedback in the model are the
injection rate, x, and the delay time, 7. On the other hand, the
rest of the parameters are defined as follows: I is the bias
current, e is the electron charge, V,; is the volume of the ac-
tive medium, R(N) is the carrier recombination rate, v, is the
group velocity, g(N) is the material gain, € is the non-linear
gain coefficient, « is the linewidth enhancement factor, I' is the
optical confinement factor, 7, is the photon lifetime, and F'g (t)
is a Langevin term that represents the noise associated with
spontaneous laser emission. The additional term QF%AT(I )
describes the frequency drift due to the Joule effect of the
laser [7], where % is the thermal tuning coefficient of the
laser and AT'(I) is the variation in the internal temperature
of the laser with respect to the bias current. This last term
has been obtained through the experimental characterisation
of a DFB laser and a Dual DFB laser, whose fitted deviation
curves are plotted in Fig. 1 (a) and (b), respectively.
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III. NUMERICAL RESULTS

Eq. (1) and (2) are solved numerically using the Euler-
Maruyama method, with both lasers defined using the same



parameters except for those related to optical feedback. Fig. 1
(c) and (d) show the spectral evolution of both lasers as a
function of bias current, showing a clear red shift in both
devices caused by the Joule effect. Unlike the single DFB,
the multisection laser shows two mode hops at different bias
currents. This phenomenon is induced by the excitation of an
external cavity mode, which modifies the modal competition
and stabilises the laser in a new longitudinal mode. Prior to
this mode hop, strong modal competition is observed, inducing
the laser to enter a four-wave mixing regime (see Fig. 1 (f)).
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Fig. 1. Current-dependent thermal deviation of a single DFB laser (a) and
a dual DFB laser (b). Simulated spectral emission map as a function of the
bias current for each laser (c-d). Single DFB simulated spectrum at 60 mA
(e). Simulated spectra at bias currents close to the second mode hop region
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This modal competition is of great interest when analysing
the frequency response of the laser. Unlike a conventional
laser, as shown in Fig. 2 (a), a laser subject to feedback
exhibits an extended frequency response in the regions prior
to mode hopping, exceeding the limit imposed by the laser’s
relaxation oscillation frequencies (see Fig. 2 (b)). The effect
of photon-photon resonance can be engineered so as to control
the location of this resonance and thus extend the 3 dB
bandwidth of the laser. In this work, a bandwidth extension
from 17.8 GHz to 38 GHz is obtained for a current of 87 mA.

The extended frequency response of the laser allows fre-
quency comb generation at repetition rates that were previ-
ously blocked by the intrinsic laser limitations. This is shown
in Fig. 3, where it is predicted that under equal bias conditions,
the laser affected by feedback is capable of generating a comb
with three lines at 10 dB with respect to the maximum power
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Fig. 2. Simulated S21 plot of a single DFB laser (a) and a dual DFB laser
(b) at 87 mA.
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Fig. 3. 30 GHz gain-switched comb simulated at I3;,s = 87 mA and Vrr =
2.2 V for single DFB laser (a) and dual DFB laser (b).

point. On the other hand, the single DFB presents a single line,
demonstrating its inability to operate at these frequencies.

IV. CONCLUSION

The response of two integrated semiconductor lasers has
been numerically analysed using a delayed differential equa-
tions model. It is predicted that the laser subjected to feedback
is capable of increasing its frequency response if properly
engineered, allowing high repetition rate frequency combs to
be generated using the gain-switching technique. The proposed
model establishes a simple framework for the simulation and
subsequent fabrication of flexible feedback devices.
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