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École Centrale de Lyon, 69134 Écully, France

(Received 6 October 2017; accepted 28 December 2017; published online 10 January 2018)

We exploit slow light (high ng) modes in planar photonic crystals in order to design
a compact cavity, which provides an attractive path towards the miniaturization of
near-infrared integrated fast pulsed lasers. By applying dispersion engineering tech-
niques, we can design structures with a low dispersion, as needed by mode-locking
operation. Our basic InP SiO2 heterostructure is robust and well suited to integrated
laser applications. We show that an optimized 30 µm long cavity design yields
9 frequency-equidistant modes with a FSR of 178 GHz within a 11.5 nm bandwidth,
which could potentially sustain the generation of optical pulses shorter than 700 fs.
In addition, the numerically calculated quality factors of these modes are all above
10,000, making them suitable for reaching laser operation. Thanks to the use of
a high group index (28), this cavity design is almost one order of magnitude
shorter than standard rib-waveguide based mode-locked lasers. The use of slow
light modes in planar photonic crystal based cavities thus relaxes the usual con-
straints that tightly link the device size and the quality (peak power, repetition rate)
of the pulsed laser signal. © 2018 Author(s). All article content, except where oth-
erwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/1.5008476

I. INTRODUCTION

Periodic trains of short optical pulses delivered by mode-locked lasers in the near infra-red are
of particular importance for a wide range of applications including high speed optical communica-
tions,1 clock recovery,2 optical sampling3 and even bio-mimetic systems.4 While there have been
a number of approaches for realizing mode-locked lasers, most of the systems developed thus far
consist of relatively bulky and stand-alone laser devices made of either free-space, fiber optics or
semiconductor optical components. There has been some progress towards the miniaturization of
these devices,1,5–14 in particular for semiconductor pulsed lasers,1,5–12 but their dimensions remain
typically in the millimeter to centimeter range. The size of these stand-alone components is still too
high for some of the aforementioned applications, where source integration could also bring real
advantages in terms of robustness, stability and throughput. In parallel to the development of silicon
photonics and the efforts for integrating on the same chip-based platform various optical building
blocks, such as low loss waveguides, modulators, multiplexers, photo-detectors and light sources, the
integration of compact devices emitting a train of short optical pulses on-chip remains elusive.

The hybrid integration of III-V and silicon materials15–19 has provided a critical step towards the
development of integrated continuous-wave lasers on a silicon chip. Combined with compact optical
resonators, such as micro-disks16,17 and planar photonic crystal (PhC) based cavities,19–22 these
approaches have resulted in the integration of miniaturized light sources that can directly feed laser
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light into a silicon photonic integrated circuit underneath.17–22 Though direct modulation of these
lasers is possible, they can hardly produce optical pulses that are shorter than a few nanoseconds, with
at best a few tens of GHz repetition rate.23 The integration of faster mode-locked laser components
has been demonstrated recently, which use several phase-locked frequency-equidistant modes, but
the underlying cavity typically exploits a standard strip-based waveguide, whose length is still above
500 µm.1,5–10,12

In this context, exploiting nanophotonic concepts such as PhC for reducing the cavity size
is key to realizing more compact pulsed laser devices. Indeed, several critical parameters of mode-
locked lasers, which directly impact their performance (peak power of the pulse, short pulse duration,
repetition rate. . . ), are directly proportional to the product of the group index and the length of the
cavity ngL. This explains the difficulty in miniaturizing the mode-locked laser without degrading the
quality of the pulsed laser signal. Besides, the reduction in the cavity size is often accompanied by
an increase of the optical losses, which increase the power consumption of the laser. Controlling the
group index through the use of PhC based nanophotonic concepts provides an additional degree of
freedom that relaxes the tight constraints between the mode-locked laser characteristics and the size
of the cavity.

We exploited here slow light (high ng) modes in PhCs for designing a compact cavity that could
provide an effective path towards the miniaturization of near-infrared integrated mode-locked lasers.
Although PhC slow light modes tend to be highly dispersive, we applied dispersion engineering
techniques in order to reach the low dispersion that is required for cavity mode-locking. The basic
heterostructure we considered for our design consists of an active InP membrane on a silica low
index substrate, which is robust and well suited to laser applications while offering the possibility for
the deposition of a saturable absorber on top of it for mode-locking operation. Our optimized cavity
design provides at least 9 frequency-equidistant modes with a FSR of 178 GHz within a 11.5 nm
bandwidth, which could potentially sustain the generation of optical pulses shorter than 700 fs. In
addition, we numerically studied the quality factors of these modes and showed that they all lie in a
range (>10, 000) that makes them suitable for enabling laser operation. Most importantly, thanks to
the use of a relatively high group index (28), our cavity is only 30 µm long, i.e. almost one order of
magnitude shorter than standard rib-waveguide based designs of semiconductor mode-locked lasers.

II. APPROACH AND SIMULATIONS

A. Approach for the cavity design

Considering our long-term goal of realizing a compact and integrated mode-locked laser on
a chip, we designed and optimized our cavity geometry so as to generate numerous frequency-
equidistant modes in a short cavity (typically below 100 µm), with quality factors sufficient to sustain
laser oscillations (Q > sev. 1000). The number N of these modes should be high enough to achieve
high peak power of the future pulsed laser, which increases with N2. The basic heterostructure we
considered in our design work consists of an active indium phosphide slab that is supported on a thick
silica insulating layer, so as to enable the future integration of the laser with a silicon based photonic
integrated circuit.16,17,19,20,22 A PhC cavity based on a linear defect waveguide is inscribed in the
InP slab (see Figure 1). Compared with a more traditional geometry where the slab is suspended in
air,24 this structure is mechanically more robust and improves the laser heat dissipation.25 Besides,
in contrast with a fully cladded geometry where the InP slab would be completely buried in silica,
our design offers the possibility to integrate a saturable absorber on top, e.g. through a post-process
mechanical transfer, so as to ensure a substantial interaction with the laser modes, as intended for
mode-locking operation. However, the less efficient vertical confinement of the mode associated with
the light line of silica (as opposed to air) on the one hand, and the coupling between TE/TM modes
induced by the vertical asymmetry of the structure26 on the other hand, bring additional constraints
to the cavity design. In particular, they may have a non-negligible impact on the mode quality factors,
which we study in the last section.

As shown in Table I, the performance of the intended mode-locked laser, e.g. the number of
modes N, the pulsed laser peak power and its repetition rate directly depend on the product of the
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FIG. 1. Schematic of the structure. s1 and s2 are the parameters to be optimized to engineer the dispersion of the W1
waveguide.

group index related to the traveling mode in an elongated cavity and the length of this cavity ngL.
Indeed, ngL represents the effective optical path length of the cavity, and thus determines the number
of modes. This means that a reduction of the mode group velocity, or slow light (high ng), can be
used to counterbalance the reduction of N caused by the miniaturization of the cavity length. Our
approach thus consists of exploiting slow light modes in elongated PhC based cavities. These modes
are typically highly dispersive, which leads to a spectrally narrow comb of frequency-equidistant
modes. Here, we adapted dispersion engineering techniques and optimized the geometry of the
PhC structure to create a non-dispersive band affording high and constant ng modes across a large
bandwidth∆ω. The underlying dispersion engineered waveguides were first optimized (section II B 1)
and served as a starting point for our cavity design. We then investigated the elongated cavities created
through closing both ends of these waveguides by PhC mirrors. The spectral signature of the cavity
and the mode quality factors, as potentially impacted by our particular asymmetric geometry, were
investigated afterwards (section II B 2).

Dispersion engineering in PhC waveguides has been extensively investigated for passive silicon
structures suspended in air27 and led to applications in nonlinear optical signal processing.28 In
this study, we chose to apply and optimize the approach developed by Li et al.27 to engineer flat
band slow light modes in active asymmetric InP PhC waveguides with the additional constraints
mentioned above. It was shown that flat band slow light modes could be achieved in PhC waveguides
by modifying the lateral position of the first two rows of holes adjacent to the line defect. This
effectively modifies the coupling between the refractive and the gap guided modes so as to flatten
the dispersion of the guided mode. The performance of the PhC waveguide design can be evaluated
by the figure of merit (FoM) ng

∆ω
ω , where ng is the mean group index of the linear band, ω is its

mean angular frequency, and ∆ω is the bandwidth across which the group index ng is constant within
a ± 10% margin. Both the light slow-down factor and the bandwidth of the linear band included in
the FoM are critical to the performance of the mode-locked laser device (see Table I). Furthermore,
we evaluated the second-order dispersion from a Taylor expansion of the flat band around its center.
The optimum design is obtained by tuning the position of the first two rows of holes to achieve the
highest FoM and the smallest dispersion.

TABLE I: Relations between the performance characteristics of the mode-locked laser and the parameters of the underlying
elongated cavity (group index ng, length L, and bandwidth ∆ω of the low dispersion band). Note that ∆ω is either limited by
the cavity geometry dispersion or by the active material spectral gain variation.

Laser characteristics Parameters

Number of modes N ∝ ngL ×∆ω
Peak power Ppeak ∝N2 ∝ (ngL × ∆ω)2

Repetition rate frep = FSR = c/(2 × ngL)
Pulse duration ∆tpulse ≥ 2π/∆ω
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In our simulations, we used a triangular lattice of cylindrical air holes (period a = 414nm, hole
radius r = 118nm = 0.286a) patterned in an InP slab of thickness t = 300nm and refractive index
3.167 around a wavelength of 1.55 µm bonded onto a thick SiO2 substrate of index 1.444 (considered
vertically infinite in the calculations). The PhC is designed so as to present a TE (E ‖ InP slab)
photonic band gap around 1.55 µm. The so-called W1 waveguide is formed from one missing row
of holes along the ΓK direction of the PhC lattice and surrounded by 11 rows of holes on both sides,
which are sufficient to ensure a good lateral confinement of the optical mode. The shifts of the first
and second rows towards the central axis of the waveguide are denoted by s1 and s2 respectively.
Figure 1 shows a schematic of the structure with all geometric parameters labeled.

B. Simulation results
1. Guided mode dispersion

First, a W1 waveguide was studied using the 2D Plane Wave Expansion (PWE) method and the
effective index approximation to identify the values of s1 and s2 that maximize the FoM. Figure 2
shows the evolution of the FoM ng

∆ω
ω and ng with respect to s1 and s2. These results showed that

several pairs of (s1,s2) could maximize the FoM (around 0.3). They are located in a valley where s2

can be chosen to adjust ng (displayed as contour lines on Figure 2). Based on these guidelines, three
configurations were studied, which should provide roughly similar FoMs (close to the maximum)
but three different values of ng varying between 10 and 20. Note that whilst 2D PWE simulations
quickly yielded the trend for the evolution of the FoM according to the design parameters, they are
not fully reliable and underestimate, in particular, the value of ng. Using these preliminary results,
we switched to 3D FDTD.

Lumerical 3D FDTD allows us to account for the vertical asymmetry of the structure, as well as
for the dispersion of all materials (InP and silica), which are embedded in the software. Following
the 2D PWE results, three values of s2 were studied (�0.1a, 0a and 0.036a, i.e. �42 nm, 0 and 15 nm)
to reach various group indices, and for each of them, the optimal value of s1 was found by 3D FDTD
simulations. Figure 3(a) presents the group indices of 6 structures with s1 varying from �0.135a to
�0.115a while s2 is kept equal to 0. To evaluate the band flatness, the mode second-order dispersion
β2 =

d2k
dω2 was calculated for each structure by fitting the flat band with a third-order polynomial.

Figure 3(b) shows the evolution of both the FoM and β2 (in ps2/km) with respect to s1. The highest
FoM is achieved for s1 = �56nm (0.136a), with ng

∆ω
ω = 0.295. Note that this is close to the maximum

that can be obtained in the silicon-air structure.27 The optimum value of s1 actually results from a
trade-off between the flat band slow light bandwidth and the high-order dispersion, as illustrated
on the different curves of Figure 3(b). Theoretical studies of the dynamics in mode-locked lasers
showed that β2 values between �1 and �4 × 106 ps2/km were low enough to sustain mode-locking
operation.29 By taking into account this last criterion, the highest FoM is achieved for s1 = �53 nm.

FIG. 2. Figure of merit map with respect to s1 and s2 obtained from 2D PWE simulations on engineered W1 PhC waveguides.
Contour lines represent constant ng values. The black dots highlight the (s1,s2) designs that were eventually chosen according
to 3D FDTD simulations.
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FIG. 3. (a) Group index spectral variation of the modified W1 waveguide fundamental TE mode calculated by 3D FDTD
for s2 = 0 and s1 varying from �57nm (0.138a) to �47.6nm (0.115a). The chosen trade-off is highlighted by the solid black
line. (b) Evolution of the FoM = ng

∆ω
ω and the second-order dispersion β2 with respect to s1. The chosen design is circled

in black.

Similar numerical studies were carried out for the other values of s2, resulting in three optimized
geometries with ng = 16, ng = 28 and ng = 40 (see Table II for a summary of their characteristics).
Figure 4 shows the three associated mode dispersions and the spectral dependence of the related
group index. Note that the central wavelengths of the flat band slow light are slightly blueshifted
for increasing ng (i.e. s2) but this could be readily compensated for by adjusting the PhC geometric
parameters (period, filling factor). As expected, increasing the group index leads to a narrower ∆ω,
since the FoM is almost unchanged. These various optimized designs could be chosen alternatively
depending on the intended application, and how critically size reduction of the laser is needed. While
the light line of air falls outside the spectral window represented in Figure 4(a), the light line of silica,
which governs the vertical confinement of the modes in our PhC structures, crosses the optimized
flat band slow light, highlighting the additional challenges associated with the laser heterostructure
under study as compared with PhC membranes suspended in air. This could potentially reduce the
quality factors of the associated cavity modes, thereby effectively decreasing the number of modes to
be exploited for mode-locking operation. Note that the 300 nm slab thickness was precisely chosen
so as to increase the bandwidth of the flat band slow light under the silica light line. We investigate

TABLE II. Summary of the three designs obtained by 3D FDTD simulations of dispersion-engineered W1 waveguides.

ng s1 (nm) s2 (nm) ng
∆ω
ω β2 (ps2.km�1)

16 -45 -42 0.296 �1.74 × 106

28 -53 0 0.273 �2.4 × 106

40 -49 15 0.261 �5.6 × 106
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FIG. 4: 3D FDTD simulated (a) dispersion and (b) group index of the TE fundamental mode associated with the three
optimized PhC waveguide geometries yielding ng = 16, ng = 28 and ng = 40. The flat band slow light is highlighted by the red
thick solid line. The blue line represents the light line of silica.

the optical losses associated with these cavity modes in the next section so as to clarify whether they
are high enough for enabling laser operation.

2. Cavity simulations

The optimized waveguide designs were used as a starting point to create linear defect PhC
cavities (Figure 1) by adding PhC mirrors at both ends of the waveguide. We first verified that the
spectral signature of the cavity exhibits the intended regular comb of modes, as expected from the
linear waveguide dispersion. We then calculated, by 3D FDTD simulations, the quality factor of
these modes, a critical specification for sustaining laser operation. As an illustration example, we
studied a cavity of length L = 30µm, associated with a line defect of 73 missing holes based on
the ng = 28 waveguide design (s1 = �53 nm, s2 = 0). To draw a comparison with the guided mode
dispersion, the cavity mode frequencies are plotted against k values equal to integer increments of
π/L and superimposed on the dispersion curve of the simulated W1 waveguide on Figure 5. We find
9 equally-spaced modes in the flat band slow light window below the light line, spanning across a
bandwidth of 11.5 nm (1.42 THz), potentially yielding 0.7 ps pulse duration upon mode-locking of
these modes. This bandwidth is slightly lower than that of the flat band (1.88 THz), since modes
above the light line were a priori ruled out. A linear regression on these mode frequencies gives a free
spectral range around 178 GHz and a correlation coefficient of 0.9995. According to the relation from
Table I, FSR= c

2ngL , this FSR actually corresponds to a cavity with ng = 28, i.e. a value consistent
with the waveguide simulations (Table II).

Figure 5 also displays the quality factors of these 9 modes, which are all above 10,000. We note
that this value should be high enough for sustaining laser emission, even considering the typical
degradation (up to a factor of 10) of the Q factor arising upon fabrication with standard lithogra-
phy/etching processes. The effect of the silica light line, which provides an additional optical loss
channel in the silica substrate, can clearly be seen as the mode quality factors drop from values over
10, 000 to ≈ 1000 upon increasing mode frequencies and eventually crossing the light line. However,
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FIG. 5. Modes of the L73 cavity obtained by 3D FDTD calculation (blue crosses) and their quality factor (red circles). The
dashed blue line represents the fundamental mode dispersion of the related optimized W1 waveguide. The limits of the flat
band slow light are shown as gray dashed lines.

we note that some modes just above the light line and within the flat band slow light do exhibit a
quality factor close to 10, 000, which is still high enough for our laser mode-locking application.
So, the aforementioned values of 9 modes and 11.5 nm for the related bandwidth are slightly under-
estimated, since a few more modes could easily take part in mode-locking operation, especially in
longer cavities. Finally, this 10,000 Q-factor value is relatively low with respect to the values that
can be achieved in PhC cavities. The study presented in the next section aims at identifying the main
contributions to these optical losses.

III. DISCUSSION AND RESULTS

Our simulations assess the validity of the slow light PhC approach explored in a practical con-
figuration (InP membrane on a low index substrate) for yielding a comb of modes with sufficiently
low optical losses and a regular spectral spacing so as to sustain mode-locked laser operation with
suitable characteristics. Now, considering the non-negligible optical losses (Q≈ 10, 000) experienced
by these PhC cavity modes, we analyze their physical origins.

Standard models for the optical losses in elongated cavities distinguish the contributions of
distributed losses and losses caused by the imperfect mirrors at both ends of the cavity. To clarify
their relative weight in our structures, we performed 3D FDTD simulations on PhC cavities with
different lengths. The mean quality factor of the modes lying in the flat band (under the light line) is
plotted on Figure 6 with respect to the cavity length L. The numerical results were fitted by a classical
loss model for Fabry-Pérot cavities (dashed line on Figure 6), which considers that the effective total
loss per meter is given by αeff = αd � 1/Lln(R), where R is the reflectivity of the mirrors at the cavity
ends (assumed to be constant for all modes) and αd (in m�1) is the distributed loss along the cavity. As
expected, the mirror losses and the distributed losses alternately dominate for short and long cavities,
respectively. There is some discrepancy with this simple model for short cavities (L < 4 µm), which
yield only one cavity mode in the flat band, whose out-of-plane losses at the mirrors may vary with its
spectral distance from the light line. However, since the value of αeff is more relevant for multimode
cavities, as intended for mode-locking operation, the fit was done by ignoring the Q points associated
with short cavity lengths, where the number of modes is less than 2. For cavities with L above 10 µm,
the mirror loss becomes negligible and the total Q-factor saturates to about 20,000, dominated by
the distributed loss αd . Since the long cavity modes are situated below the light line and the number
of PhC rows at either sides of the waveguide defect is high enough to block optical losses in the
plane, the propagation loss αd should primarily be caused by the structure asymmetry.26 Indeed, the
latter enables the excited TE modes to couple to TM modes, for which there is no photonic band
gap in this range of frequencies. To evaluate this additional loss channel, we performed 3D FDTD
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FIG. 6: Evolution of the mean quality factor Q of linear defect cavities, as calculated by 3D FDTD for the asymmetric (red
dots) and symmetric (blue dots) configurations. The dashed lines show the fits according to the model αeff = αd � 1/Lln(R).
The number of modes taken into account for the estimation of the Q (i.e. within the flat band slow light and below the light
line) for each cavity length is shown on the top x axis. The gray area represents the cases where only one mode can be found
in the flat band.

simulations for symmetric PhC cavities with the same geometry (air holes in InP) but surrounded
by silica below and above. We evaluate the mean quality factor for the cavity modes within the flat
band and plot it against the cavity length in Figure 6. The values of R and αd used for fitting the
Q-factors using the linear regressions provided by the standard loss model are presented on Table III.
The comparison between the two geometries shows first that the mirror reflectivity is slightly better
in the asymmetric structure, probably due to a better light confinement of the modes inside the
slab provided by the air/InP interface at the top. This results in higher Q-factor cavity modes for
short asymmetric cavities with respect to their symmetric counterparts. Most importantly, however,
the distributed losses are one order of magnitude lower for the symmetric case with respect to the
asymmetric one, confirming the predominant role of the TE/TM coupling in the loss mechanism for
long asymmetric cavities. This 10 times larger distributed loss leads to a reduction of the Q-factor
for long cavities from 100,000 to 20,000. Although the structure vertical asymmetry thus limits the
Q-factor of elongated cavity modes to about 20, 000, it provides access to the top of the structure,
enabling us to integrate a saturable absorber for mode-locking operation, or to carry out near-field
observations. If needed though, it is possible to make the structure symmetric to increase the quality
factors, but we reemphasize that their value should already be high enough to observe stimulated
emission.

Regarding the number of modes involved in mode-locking operation, examples of integrated
mode-locked lasers9,10 show that tens of modes are sufficient to achieve pulsed light signals with
high quality to be exploited in applications, for instance for high data rate transmission.1 In the
30 µm long PhC cavity presented above, there are 9 or 10 modes susceptible to take part in mode-
locking operation. Since the number of modes is proportional to the cavity length (see Table I), it
can be increased through simply using a longer cavity. With a 100 µm long cavity, for example,
there should be at least 30 modes in the flat band slow light. In addition, the bandwidth of the flat
band slow light (around 10nm) is compatible with the generation of sub-picosecond short optical
pulses (≈700fs in duration) and corresponds to the typical values used in semiconductor mode-
locked lasers. Indeed, in these devices, the spectral band where the gain of the active material is flat

TABLE III. Fit parameters of the loss model from 3D FDTD simulations for both symmetric elongated cavities and asymmetric
ones.

Structure αd (dB.mm�1) R

Symmetric 2.5 ± 2.5 95.2%+0.2%
−0.62%

Asymmetric 23 ± 1 98.8% ± 0.14%
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(typically ≈ 10 nm) eventually limits the bandwidth across which modes are phase locked for
sustaining pulse generation.

Thanks to slow light, the cavity length can be drastically reduced compared to classic strip-
waveguide-based resonators. For instance, Vujicic et al.1 observed mode-locking with 16 modes
within a 10.4 nm (1.32 THz) bandwidth in a 550 µm long cavity. A PhC cavity similarly exhibiting
16 modes distributed across an 11.5nm band would be around 56 µm long using the ng = 28 design
presented above. The same pulsed signal characteristics could therefore be achieved in a device
benefiting from a size reduction that is roughly given by the ratio of the group indices associated with
each structure (Table I), i.e. around 8.5 in this case. Depending on the application, the other PhC cavity
designs yielding different values of ng could be used so as to provide either shorter pulse duration (low
ng design) or further miniaturization (high ng design). The use of modest ng values (<40) makes our
approach realistic through providing an increase of the effective cavity length without compromising
the optical losses.30,31

Finally, we reemphasize that this PhC cavity design is part of a realistic architecture that envi-
sions the combination of several components, each of which has already been demonstrated separately.
Regarding the gain medium, we intend to exploit self-assembled InAs/InP quantum dashes32 verti-
cally embedded in the center of the InP slab, as already used in PhC lasers32 or waveguide based
mode-locked lasers.1,9,11 The spectral gain of such an active medium is much wider than the band-
width (≈10 nm) of our intended mode-locked laser, so that the gain dispersion should not alter the
frequency equidistant comb of modes. Regarding the saturable absorber, graphene is an ideal candi-
date thanks to its good saturable absorption properties as well as its 2D geometry which leans itself
towards integration on planar structures.33 Successful demonstrations of graphene transferred on both
passive34 or active PhC cavities33 have been reported in the literature, while evanescent field interac-
tion with graphene has already been used as saturable absorption mechanism in fiber mode-locked
lasers.35 The related effective index change of the guided mode in the presence of graphene should
be less than 1.5%, while the selective patterning of graphene should allow us to roughly locate the
absorption section near the PhC mirrors, so as to minimize the effect of parasitic reflections due to the
effective index change of the guided mode. Although the demonstration of a mode-locked PhC laser
under optical pumping would be a significant step forward, we stress that electrical pumping schemes
have been demonstrated with PhC lasers.21,22,36,37 The prevalent approach involving a lateral p-i-n
junction,21,22,36 in particular, could be adapted to our structure. In summary, our cavity design could
be readily combined with all the components necessary to laser mode-locking operation (saturable
absorber, gain medium), while its its robust geometry (InP/SiO2, modest ng) makes it practical for
the realization of integrated mode-locked PhC lasers.

IV. CONCLUSION

We designed compact (<100 µm) InP based micro-cavities by exploiting slow light modes in
planar PhC geometries for the miniaturization of near-infrared integrated mode-locked lasers. Thanks
to dispersion engineering, we managed to tailor the mode dispersion of our PhC structures such that
it exhibits both a high and relatively constant group index across a substantial bandwidth, all being
prerequisites to mode-locking operation in short cavities. Simulations showed that a 30 µm long cavity
based on an optimized PhC design with a group index ng = 28 can exhibit at least 9 equally-spaced
modes with a FSR of 178 GHz spread across a bandwidth over 11.5 nm, potentially affording the
generation of ultrashort optical pulses (<700fs). Moreover, despite the loss penalty associated with
our asymmetric vertical configuration, the quality factors of these modes were all greater than 10, 000,
which should be sufficient for enabling laser operation. Most importantly, slow light modes provide a
reduction of the cavity length by almost an order of magnitude as compared with more standard rib-
waveguide geometries; while achieving similar performance. This shows that the slow light approach
can relax the traditional constraint that tightly links the pulsed signal quality and the laser device
size. Finally, despite the additional constraints associated with the InP on silica heterostructure used
in our study, the practical configuration of our designed cavity allows a saturable absorber to be
transferred on top of the structure, while being robust and conducive to integration with a silicon
photonic circuit.
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