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Bragg Soliton Compression and Fission on
CMOS-Compatible Ultra-Silicon-Rich Nitride

Ezgi Sahin,* Andrea Blanco-Redondo, Peng Xing, Doris K. T. Ng, Ching E. Png,
Dawn T. H. Tan,* and Benjamin J. Eggleton*

Higher-order soliton dynamics, specifically soliton compression and fission,
underpin crucial applications in ultrafast optics, communications, and signal
processing. Bragg solitons exploit the strong dispersive properties of periodic
media near the photonic band edge. This enables soliton dynamics to occur in
very short propagation distances, opening avenues to harness soliton
compression and fission in integrated photonic platforms. However,
implementation in complementary metal-oxide semiconductor
(CMOS)-compatible platforms has been hindered by the strong nonlinear loss
that dominates the propagation in silicon and the low-optical nonlinearity of
traditional silicon nitride. Here, CMOS-compatible, on-chip Bragg solitons,
are presented with a soliton-effect pulse compression with a factor of × 5.7,
along with time-resolved measurements of soliton fission on a
CMOS-compatible photonic circuit platform. These observations are enabled
by the combination of a unique cladding-modulated Bragg grating design and
the high nonlinearity and negligible nonlinear loss of compositionally
engineered ultra-silicon-rich nitride (USRN: Si7N3).
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1. Introduction

Temporal optical solitons, first demon-
strated by Mollenauer et al.[1] in opti-
cal fiber, were explored for their use
in fiber communications to transmit in-
formation as they preserve their shape
during propagation.[2–4] This dispersion-
less propagation of the fundamental
soliton is due to the balance between
self-phase modulation (SPM) and group
velocity dispersion (GVD) in the fiber
media. Since then, harnessing soliton
dynamics has enabled numerous appli-
cations and underpins many contem-
porary nonlinear optical systems, such
as pulse compression,[5–9] pulse train
generation,[10–12] supercontinuum (SC)
generation,[13–16] and stable frequency
comb generation.[17,18]

Whereas fundamental solitons pre-
serve their shape during propagation,

high-order solitons evolve periodically due to the interplay of lin-
ear dispersion and Kerr effects in the material. This periodic evo-
lution involves temporal compression, pulse splitting, and recov-
ery of the initial soliton pulse shape. A strong perturbation in the
system can break this periodicity, and initiate soliton fission,[19–21]

which manifests as pulse breakup and pulse train generation;
under certain conditions, this can also be described in terms of
modulational instability. [11] This nonlinear optical effect, which
is also one of the underlying physical effects involved in SC
generation,[13] introduces pulse modulations in time, compres-
sion, and splitting, giving rise to spectral broadening and new
peaks in the spectrum.
In 1987, Chen and Mills theoretically predicted a new class

of optical soliton, associated with the Kerr nonlinearity of the
material and the strong dispersion induced at frequencies
close to the edge of the stop-band of a periodic structure
(e.g., a Bragg grating).[22] These so-called gap solitons[22–25]

propagate at frequencies within the stop-band induced by the
periodic structure, where the transmission is low, and exploit the
intensity-dependent refractive index to switch the stop-band from
reflection to transmission dynamically. Themore general class of
optical soliton in one-dimensional periodic structures is referred
to as Bragg solitons,[6,26] in which case the propagation frequen-
cies can lie outside of the stop-band, close to the blue edge where
the dispersion is anomalous, and the grating transmission can
be high, particularly if it is apodized. Bragg soliton propagation
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Figure 1. 3D schematic of cladding-modulated Bragg gratings (CMBGs) showing its apodization length (AL) with parameters denoted: pitch (�B),
waveguide width (W), height (h), length (L) and pillar radius (r) and gaps (G1 & G2). Input and output pulses show the effect of nonlinear pulse
propagation along a Bragg grating at wavelengths close to the stop-band for a picosecond pulse.

in fiber-based periodic structures has been studied extensively,
and is the basis of a range of soliton dynamics, such as pulse
compression via higher-order soliton evolution and pulse-train
generation via modulational instability or soliton fission.[6,10,11,27]

The strong band-edge dispersion allows for soliton dynamics
to be studied and harnessed on significantly shorter lengths
scales; experiments to date have been reported in centimeter
scale holographically written optical fiber Bragg gratings.[11,24]

However, implementation of Bragg solitons on a chip has been
hindered by design and fabrication challenges. The periodicity
that induces the strong band-edge dispersion brings about
practical difficulties such as stitching errors[28] and sidewall
roughness[29] in on-chip fabrication processes. These fabrication
inaccuracies in periodic structures give rise to phase discontinu-
ities that can compromise the dispersive properties of the grating
band edge, thus precluding their usefulness.[30] In particular,
sidewall corrugated Bragg gratings are prone to distortions in
spectral response due to waveguide dimension fluctuations.
Cladding modulated Bragg gratings (CMBG), are one of the
schemes[31–34] that aim to overcome these difficulties, enabling
high-quality apodized Bragg gratings. Details on CMBG was
presented previously.[34,35] Material challenges in complemen-
tary metal-oxide semiconductor (CMOS) platforms have also
impeded progress: Silicon waveguides possess non-negligible
nonlinear losses at near-infrared wavelengths, and traditional
silicon nitride has low optical nonlinearity.
In this paper, we report the observation of Bragg solitons and

associated dynamics in a CMOS-compatible integrated device,
observing Bragg soliton-induced compression up to a factor of
× 5.7. This large soliton-effect compression factor (on a CMOS-
compatible platform) and observation of soliton fission are
enabled by the large Kerr nonlinearity and absence of nonlinear

losses intrinsic to the ultra-silicon-rich nitride platform, and the
large GVD induced by the periodicity in the integrated cladding-
modulated apodized Bragg grating. We present time-resolved
measurements of soliton fission on a CMOS-compatible plat-
form using frequency-resolved electrical gating (FREG), which
allows us to acquire the exact temporal shape and phase in-
formation of the output ultrashort pulses. We confirmed our
results and elucidated the underlying physics with numerical
modeling via the generalized nonlinear Schrödinger equation
(GNLSE).

2. Material Platform and the Cladding-Modulated
Bragg Gratings

We created the ultra-silicon-rich nitride[16,36] platform with a ma-
terial composition of Si7N3 to overcome the nonlinear loss lim-
itations found in silicon at the prolific 1.55 µm wavelength
region[37,38] while retaining a large nonlinearity. USRN is a
CMOS-compatible platform that unlocks an order of magnitude
larger Kerr nonlinearity (n2 = 2.8 × 10−13 cm2W−1) compared to
stoichiometric silicon nitride in the absence of nonlinear losses.
This is made possible via engineering the material’s silicon and
nitrogen composition to achieve a sufficiently large bandgap to
eliminate two-photon absorption. SC generation[16] and high-
gain optical parametric amplification[36] were previously demon-
strated on this platform and details on fabrication can be found
in Supporting Information.
Experimental time-resolved characterization of Bragg soliton

dynamics is performed on CMBGs.[34,35] The 3D schematic of
our device which has silica under- and over-cladding is given
in Figure 1. These structures allow dispersion engineering
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Figure 2. Scanning electron microscopy (SEM) image and optical properties of the CMBG. a) SEM image taken before cladding deposition. b) Trans-
mission of CMBG showing the bandgap of 10 nm. c) Group index (ng) and group velocity dispersion (β2). d) Third-order (β3) and fourth-order (β4)
dispersion curves.

by providing wide flexibility for achieving complex gratings
via their tunable parameters such as pillar radius (r), gap (G),
and grating pitch (�B). Details on CMBG parameters can be
found in Supporting Information. Compared to PhCWgs which
are largely implemented using membrane structures, CMBGs
require a simple lithographic step with no sacrificial etch and are
thus more structurally robust. Compared to Bragg gratings that
exploit photosensitivity (e.g., photodarkening), these structures
are more stable. The unique cladding-modulated grating design
allows for effective apodization in the input and output ends of
the grating to minimize sidelobes and ensure low insertion loss
at frequencies close the stop-band.[35]

Apodization can be easily understood through the schematic
shown in Figure 1. The apodization profile is implemented by
continuously decreasing the pillar-waveguide gap from G2 =
150 nm to G1 = 50 nm over apodization length AL = 600 µm
according to a raised cosine function

G (z) = (G2 − G1) × cos2 (πx)+ G1

where x =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

z
2AL

if z ≤ AL

0.5 if AL < z < L − AL
z− L
2AL

if z ≥ L − AL

(1)

This modulation of the distance between the pillars and the
waveguide changes the effective refractive index (neff) perturba-
tion. Avoiding an abrupt change in neff eliminates the out of band
ripples as the apodization suppresses the grating sidelobes with-
out influencing the Bragg wavelength (λB = 2neff �B). We fabri-
cated a CMBG of total grating length L = 6 mm with pitch, �B

= 339 nm. Considering the apodization length of 600 µm, the
grating section with a constant pillar-waveguide gap possesses a
length, Lg = L− 2AL= 4.8mm. A scanning electronmicrograph

of the fabricated device before the deposition of the SiO2 cladding
is shown in Figure 2a.
The linear transmission of our grating was first measured us-

ing an amplified spontaneous emission source and an inline po-
larizer to ensure transverse-electric polarization. An optical spec-
trum analyzer was used to measure the grating’s transmission
spectrum. Figure 2b shows the transmission spectrum of our
CMBG with its bandgap centered close to 1.55 µm. We mea-
sured the group index ng with a component analyzer that uses
an interferometric technique. The dispersion parameters are de-
rived from the polynomial fitting of the group index curve shown
in Figure 2c. The GVD, (β2), third-order dispersion (TOD, β3)
and fourth-order dispersion (FOD, β4) curves are shown in Fig-
ure 2c,d. The grating dispersion parameters are extracted to be,
β2 = −0.81 ps2 mm−1, β3 = 0.83 ps3 mm−1, β4 = −0.33 ps4
mm−1. Dispersion lengths are given by LDx = Tx

0
βx
, where x de-

notes the order of dispersion. We used the experimentally ob-
tained values of βn to calculate the corresponding dispersion
lengths as LD2 = 10.8 mm, LD3 = 31.3 mm, and LD4 = 23.3 cm
at λ = 1543.1 nm, considering a pulse full-width half-maximum
(FWHM) of 4.93 ps (TFWHM � 1.665 × T0). LD2 and LD3 are suffi-
ciently small that GVD and TOD will have a significant effect on
the nonlinear pulse propagation dynamics whereas FODmay be
assumed to be of minor importance.

3. High-Order Soliton Dynamics in USRN Gratings

Soliton propagation in USRN can be modeled by solving the
GNLSE which is a good approximation in this regime[39–41] via
the split-step Fourier method

∂A
∂z

= −α

2
A+ i

6∑
k = 2

i k

k!
βk

∂k A
∂Tk

+ iγeff
(|A|2A)

(2)
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Figure 3. Modeled temporal and spectral intensity plots showing the pulse evolution along one soliton period for the soliton order N = 8. The uniform
grating length, Lg ismarked on the plots. a) Pulse evolution where only GVD and SPM effects are present. b) Soliton fission after initial pulse compression
when TOD effects are included in the modeling. c) Including all the effects given in Equation (2).

The GNLSE assumes that the pulse envelope denoted by
A(z,t) is slowly varying. Contributions of chromatic dispersion to
the pulse propagation dynamics is included through the second
term at the right-hand side. The last term of Equation (2) takes
self-phase modulation (SPM) into account. γeff denotes the effec-
tive nonlinear parameter and is calculated as γeff = ω0 n2

c Aeff
( ngno )

2,
where ω0 is the frequency of the pulse, ng is the group index,
and no is the refractive index of the material. The effective
area (Aeff) is engineered to be small in order to maximize the
magnitude of γ eff. Nonlinear losses have been shown to be
negligible at optical intensities up to 50 GW cm−2 for the USRN
platform,[16] significantly larger than the power levels used in
this experiment. Therefore, we only take the linear propagation
losses, α, into account.
It has been well established that the GNLSE is a good approx-

imation to the nonlinear coupled mode equations for describing
soliton pulse dynamics in Bragg gratings for frequencies outside
of the stop-band within limits described below. De Sterke et al.
showed, that this approximation is valid where the frequency
of operation is close to the upper edge of the gap, and not in
the middle of the photonic bandgap.[41] Eggleton et al. later
established two constraints for the validity of NLSE in modeling
Bragg soliton propagation.[42] The first constraint is on the field
bandwidth, requiring cκτ � 1. The grating used here has a
coupling coefficient κ = 68 mm−1, giving us cκτ = 102. We be-
lieve that two orders of magnitude is sufficiently large to use the
approximation in Equation (2). The second constraint is on the
light intensity: n2I<<�n. The calculated value of refractive index
perturbation, �n, in this manuscript for G = 50 nm is 0.058.

The maximum n2I is calculated to be 6.41× 10−4. Therefore, n2I
is 90 × smaller than �n, satisfying the condition, n2I << �n.
Higher-order solitons are bound states of fundamental soli-

tons that undergo recurrent periodic propagation. The soliton or-

der N is defined as, N2 = LD
LNL

= T20 γeff P0
|β2| where P0 refers to the

peak power. In the absence of perturbative effects (i.e., TOD, free-
carrier (FC), and two-photon absorption (TPA)), anN = 1 soliton
propagating through the waveguide preserves its shape over the
propagation length; this corresponds to a fundamental soliton.
Higher-order solitons exhibit more complex temporal dynamics;
they periodically compress, split intomultiple pulses, and recover
their original shape. When N is an integer number, this periodic
evolution occurs at exactly one soliton period, z0 = π/2 × LD2.[3]

When TOD effects are sufficiently large, the delicate balance of
GVD and SPM is disrupted, and this symmetric and periodic soli-
ton evolution ceases to exist. In the absence of TOD, the funda-
mental solitons comprising a higher-order soliton are bound and
behave as a breather, as all of them propagate at the same speed.
The presence of TOD breaks that degeneracy and causes the sep-
aration of higher-order soliton into its constituents. These sep-
arated solitons then travel further apart from each other in the
guiding media rather than evolving back into their initial pulse
shape at z = z0.
To reveal the underlying physics in the propagation of high-

order solitons and their fission, we examine the “ideal” pulse evo-
lution in the gratings whereN= 8 and only SPMandGVD effects
are present. As expected, the interplay of the dispersion and non-
linearity results in a complex periodic evolution of the breathers
as seen for the N = 8 case over one soliton period in Figure 3a.
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For the dispersion parameters of our grating, soliton period is
z0 = 17 mm. From Figure 3a, we observe that in the absence of
TOD, the pulse recovers its original shape at z = z0. Turning on
the TOD effects in our simulations breaks the spectral and tem-
poral periodicity of soliton evolution as seen in Figure 3b, as the
constituent fundamental solitonsmove at different speeds due to
TOD. This results in the continuous separation of the breathers
rather than the oscillations observed in Figure 3a and serves as an
evidence that the onset of soliton fission is brought about by TOD
in our grating. The soliton is not able to restore its initial spectral
shape but instead, the separation in time manifests itself in the
spectral domain as an overall broadening and formation of sev-
eral spectral peaks, as well as a blueshift. Finally, we include loss
and high-order dispersion and numerically solve Equation (2).
The simulations in Figure 3c reveal that the initial input pulse
evolves into separate pulse peaks. Wemay further conclude from
the numerical simulations that gratings of uniform length Lg �
4.8 mm are sufficiently long for soliton dynamics and fission as-
sociated with a soliton order of N = 8 to be observed.

4. Time-Resolved Characterization of Soliton
Compression and Fission

For time-resolved characterization, we used a FREG apparatus,
shown in Figure S1, Supporting Information. FREG allows us to
retrieve the exact temporal shape and the phase of the ultra-short
pulses.[43] The FREG setup measures a set of time-gated spec-
tra using the delayed input pulse and the output of CMBG. This
provides us with the spectrograms which are used to extract the
pulse intensity and phase via a numerical algorithm.[44] Further
details on the measurement setup can be found in Supporting
Information.
For the temporal and spectral observations of high-order soli-

ton dynamics in CMBGs, picosecond Gaussian pulses are cou-
pled into the gratings using tapered fibers. Figure 4a shows the
intensity profile of the input pulses used in the experiments, gen-
erated by our source setup of cascaded mode-locked laser (MLL),
waveshaper (WS), and Erbium-doped fiber amplifier (EDFA). We
input these near-transform limited 4.93 ps pulses with approxi-
mately flat phase as shown in Figure 5a and observe the spectral
and temporal evolution of the pulses as the power coupled into
the gratings, and hence soliton order N, increases.
For N = 2.2 (P0 = 0.36 W), the pulse compresses with a fac-

tor of × 1.8 as seen in Figure 4b with a slight broadening in
the spectral domain. As we increase the input power further, the
pulse gradually compresses up to a large soliton compression
factor of × 5.7, exceeding the previous demonstrations of on-
chip soliton-effect compression[8,9] for N = 4.65 (P0 = 1.62 W),
as shown in Figure 4c. Spectral broadening further increases and
starts showing multiple peaks in both measurements and simu-
lations. When we zoom into the phase at the center of the pulse
in Figure 5c, the agreement between experiment and modeling
becomes clearer; both are flat with an asymmetry induced by the
grating’s TOD.
We increased N by further increasing the coupled power into

the grating and observed fission for the soliton order N = 8.75.
Our simulations, as well as the measurements, show three clear
peaks at an intensity exceeding a quarter of the peak intensity.

Spectral characterization of the N = 8.75 (P0 = 5.73 W) case
reveals new spectral peaks on the blue side of the spectrum. It
is expected from the nature of Fourier transformation that the
temporal separation will be accompanied by spectral modulation.
This is the same physical mechanism that initiates SC genera-
tion. The distinct peaks in the time domain show themselves as
the new peaks forming in the frequency domain; a signature of
the TOD-induced fission is the new peak formation in the anti-
Stokes side.[39] This is seen in the spectral domain in Figure 4d at
λ = 1540 nm for both modeling and experimental results. As a
result of the pulse separation, we see phase differences between
three consecutive pulses in our phase-resolved measurements,
as seen in Figure 5d.
As the extent of spectral broadening is increased, the disper-

sion experienced by newly generated spectral fringes differs from
that of the pulse’s central wavelength. This results in the varia-
tions of widths and amplitudes of fundamental solitons in order
to conserve their soliton order. Solitons that have undergone fis-
sion do not propagate as a single entity as the constituent fun-
damental solitons do not propagate with the same velocity. Con-
sidering the inherent uncertainties of high-powermeasurements
and high order nonlinear effects, ourmodeling and time-resolved
measurements, while not in perfect agreement, agree sufficiently
well such that the underlying physics of soliton dynamics are
well captured. Several factors can explain the moderate quanti-
tative deviations; rapid change of dispersion at the band edge, di-
vergences from the ideal input pulse shape, polarization tuning,
power fluctuations as well as the complexity of modeling nonlin-
ear effects induced by high input peak powers.
We observe through time-resolved measurements that the pe-

riodicity of soliton evolution breaks as the constituent fundamen-
tal solitons move at different speeds. This process, referred to as
soliton fission, occurs here due to TOD perturbation.[21,39] Our
modeling shown in Figures 3–5 constitutes further proof of fis-
sion in our cladding-modulated Bragg grating. In addition, an-
alytic formalism from the literature states a threshold β0, for
TOD to break the symmetry of the propagating pulses and ini-
tiate the fission of high-order solitons. β0 rapidly decreases with
increasing N and the parameter β calculated as β = β3/6β2T0
should exceed the threshold β0.[21] β also provides a means to
control soliton interactions with TOD to improve bandwidth in
fiber communications.[45] For conditions leading to N = 3, we
are above the threshold value of β0 required to initiate soliton
fission as β = 0.058 for our CMBG.[21] Hence, we infer that we
are also above this threshold for our experimental demonstration
of soliton fission where N = 8.75 and conclude that the pulse
splitting observed for N = 8.75 is a result of soliton fission oc-
curring. Furthermore, the fission distance, which is defined by
Lfiss � LD2 / N,[13] corresponds to Lfiss = 1.23 mm for the high
power measurements (N = 8.75) which is much shorter than
of our uniform grating length Lg = 4.8 mm. As N increases for
higher power levels, the minimum grating length to observe fis-
sion would be even shorter at higher input peak powers.

5. Conclusion and Outlook

Nonlinear absorption occurring in silicon at the telecommu-
nication wavelengths has hindered the realization of crucial
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Figure 4. Temporal and spectral characterization of the pulses exiting the CMBG. Measured spectrum and temporal profile of: a) the source pulse,
soliton evolution for: b) N = 2.2, c) N = 4.65, and d) N = 8.75 for Lg = 4.8 mm.
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Figure 5. The measured phase at the pulse centers (as marked with purple dashed square in Figure 4a), from right to left; a) the source and high-order
soliton evolution for: b) N = 2.2, c) N = 4.65, and d) N = 8.75 for Lg = 4.8 cm.

nonlinear effects such as soliton fission and strong soliton pulse
compression. In this work, we overcome these issues by utilizing
a novel CMOS-compatible material that is free of nonlinear
absorption: ultra-silicon-rich nitride (USRN), in combination
with cladding modulated integrated Bragg gratings. We har-
nessed Bragg soliton propagation to experimentally demonstrate
the temporal profile of soliton fission on a CMOS-compatible
chip, accompanied by a large soliton-effect picosecond pulse
compression. We highlight the importance of our large high-
order soliton compression result. Achieving a compression
factor of × 5.7 through high-order soliton compression in
CMOS-compatible platform is very promising for applications
in optical signal processing and ultrafast integrated lasers; even
larger compression factors can be achieved by exploiting higher
soliton orders while using a shorter grating and larger powers
that were not available in our current setup.
Soliton fission is one of the fundamental physical effects for

initiating SC generation and it has been studied in this context
in a variety of integrated platforms, including CMOS-compatible
platforms.[13,14,46] Whereas these experiments provided valuable
insight into soliton fission dynamics, they were constrained to
the use of ultrashort femtosecond pulses and only spectral char-
acterization was provided. Nevertheless, they revealed that non-
linear losses play a major role at inducing fission in nanowire
waveguides, while free-carrier dispersion (FCD) is the dominant

cause of fission in PhCWgs.[20] Interestingly, FCD plays a limiting
role in pulse compression in PhCWgs.[9,47] We were able to char-
acterize both large soliton compression and fission dynamics on
the same device due to the combination of our grating structure
and material platform which does not possess nonlinear losses.
Soliton fission observed in our experiments is due to the large
TOD brought about by the dispersion profile of the grating. TOD-
induced soliton fission as an underlying phenomenon of SC gen-
eration in silicon wire waveguides was previously discussed[48]

and require large soliton orders due to their dispersion profile,
making it difficult to model and characterize the behavior of out-
put pulses. The large soliton order and short pulse width (100
fs) indicate that they operate in a regime where nonlinear effects
are more dominant whereas the dispersion profile of our grating
enabled us to present the time-resolved characterization of the
soliton fission using picosecond pulses.
On-chip soliton-based pulse compression has been demon-

strated in 2D photonic crystal waveguides (PhCWgs); in
non-CMOS-compatible GaInP (× 5.4 compression)[8] and silicon
(× 2.3 compression).[9] The presence of two-photon absorption
in silicon compromised the extent of soliton effect temporal
compression to some degree,[9] and similarly limited the full soli-
ton fission process. While PhCWgs have some similarities with
Bragg gratings in that they enable much shorter length scales for
soliton formation, Bragg gratings are fundamentally different
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in how they guide light and are compatible with conventional
waveguides, possess reduced propagation losses, and have me-
chanical robustness particularly compared to membrane-based
PhCWgs. Another pulse compression scheme that involved a
two-stage waveguide design on the silicon-on-insulator platform
yielded record high result of 7 × compression.[49] This work
used corrugated sidewall gratings as a dispersive element and
compressed the pulse down to 1 ps FWHM via re-phasing using
a separate nonlinear waveguide. Though useful for pulse com-
pression, nonlinear and dispersive phases imparted on the input
pulse are spatially separated, therefore it is inherently different to
the soliton-based compression schemes described here and does
not yield the soliton functionalities beyond pulse compression.
Nonlinear pulse propagation in Bragg gratings, combined with
the USRN platform which possesses a high nonlinear figure
of merit,[36] may be effectively harnessed for novel functional-
ities with potential impact in various fields including ultrafast
waveform metrology, imaging, and optical communications.
Furthermore, by carefully controlling the grating parameters,

for example by introducing chirp,[35] high-repetition-rate soliton-
trains can also be generated, as previously proposed for fiber
Bragg gratings.[50] Using this method, the characteristics of the
generated soliton-train, such as repetition rate and pulse width
could also be tailored for advanced on-chip light sources at GHz
repetition rates and with footprints significantly smaller than
fiber-based systems. Our demonstration of soliton fission could
herald a new class of on-chip light sources that leverage fission for
femtosecond pulse train generation. Moreover, the fission pro-
cess may be effectively leveraged for enhancing the efficiency of
SC generation.[51] This work should inspire researchers to engi-
neer and exploit higher-order dispersion in periodic media, to
examine nonlinear pulse propagation, and in particular, to elu-
cidate and harness the complex dynamics associated with pulse
train generation and soliton fission.

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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[51] J. N. Kutz, C. Lyngå, B. J. Eggleton, Opt. Express 2005, 13, 3989.

Laser Photonics Rev. 2019, 1900114 C© 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim1900114 (9 of 9)


