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We report the generation of an optical frequency comb featuring 28 THz bandwidth, sustained by a single 80 fs cavity
soliton recirculating in a fiber Fabry-Pérot resonator. This large spectrum is comparable to frequency combs obtained
with microresonators operating in the anomalous dispersion regime. Thanks to the compact design and the easy cou-
pling of the resonator, cavity solitons can be generated in an all-fiber experimental setup with a continuous wave pump-
ing scheme at moderate pump powers. We also observe the generation of a dispersive wave at higher frequencies which
is supported by higher-order dispersion. These observations align remarkably well with both numerical simulations and
the established theory of cavity solitons.

I. INTRODUCTION

Nonlinear Kerr cavities have enabled the generation of cav-
ity solitons (CSs)1–5, which offer precise femtosecond sources
and wide-ranging optical frequency combs (OFCs) with rep-
etition rates spanning from MHz to THz, impacting a wide
range of cross-disciplinary applications: data transmission6

and processing7, ranging8, microwave photonics9, dual-comb
spectroscopy10, and astronomical spectrograph calibration11.
These solitons arise as localised solutions of the Lu-
giato–Lefever equation12,13 (LLE) and can be observed in
resonators with high-quality factors. The emergence of CSs
relies on the double balance between anomalous group ve-
locity dispersion (GVD) and Kerr nonlinearity on one side,
and between losses and energy injection (typically achieved
through continuous-wave (CW) laser pumping) on the other
side. Owing to their high-quality factor and compact design
(cavity length of hundreds of microns), microresonators have
attracted significant attention over the last decade4,5,14. De-
spite these impressive performances, launching and collect-
ing light in these resonators can be challenging, requiring ad-
vanced fiber coupling devices such as a prism fiber taper15 or
advanced coupling methods for chip microresonators16, and
while progresses on packaging are on going, it is still an ob-
stacle for fiber applications. Another way to generate OFCs
in resonators consists in using all-fiber ring cavities of tens
of meters in length1,17, whose effective quality factor can
reach several millions by including an amplifier within the
cavity18. Spectra obtained using these resonators architec-
ture extend over several THz, almost like microresonators,
but they have two major drawbacks. Firstly, the line spac-
ing is in the MHz range, which limits the field of application
(mostly in the GHz range14), and secondly, they are not com-
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pact. An interesting alternative consists in taking benefit of
fiber Fabry–Pérot (FFP) resonators of several centimeters in
length. They are a good compromise between fiber ring cav-
ities and microresonators, offering several tens of millions of
Q-factors, as well as easy connection to photonic devices with
a standard physical-contact fiber connector (FC/PC) and small
size3,19–23. CS generation has already been demonstrated with
these devices using either a pulsed pumping scheme3 or stabi-
lization management through the Brillouin effect19,24. These
recent studies have paved the way for this novel method of
OFC generation. However, the generated CSs via CW pump-
ing still have durations exceeding 200 fs19,24, which falls short
of the performance achieved by microresonators.

This study demonstrates that manufacturing a FFP res-
onator using a highly nonlinear fiber with low GVD at the
pump wavelength enables the generation of sub-100 fs CSs.
Moreover, we implemented an advanced triggering experi-
mental setup enabling an accurate and easy control of the de-
tuning to explore the different regimes of the cavity before
reaching the soliton states together with an efficient stabiliza-
tion feature. Additionally, the inherent low GVD characteris-
tics, combined with the large spanning of the generated CS,
leads to the emergence of dispersive radiation due to higher-
order dispersion, which permits to observe a broad spectrum
spanning over 28 THz.

II. FABRICATION OF THE CAVITY

The FFP cavity used for the study is depicted in Fig. 1.
It is made from an optical highly nonlinear fiber (HNLF)
of length L = 20.63 cm, a group velocity dispersion (GVD)
of β2 = −0.8 ps2km−1, a third-order dispersion (TOD) of
β3 = 0.03 ps3km−1 at the pump wavelength (1550 nm) and
a nonlinear coefficient of γ = 10.8 W−1km−1. Both fiber
ends are mounted in FCs/PC, and Bragg mirrors are deposited
at each extremity with a physical vapor deposition technique,
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FIG. 1. Description of the FFP resonator. (a) Photograph of device
with one of its deposited mirror. (b) Transmission function of res-
onator in linear regime. (c) Zoom on a cavity resonance

to achieve 99.86% reflectance over a 100 nm bandwidth25.
Fig. 1(a) shows a connector with its deposited mirror. The
linear transfer function is shown in Figs. 1(b) and (c). This ar-
chitecture leads to a resonator with a sub-MHz linewidth res-
onance, and a free spectral range (FSR) equal to 498.6 MHz,
corresponding to a finesse F = 620, and a quality-factor
Q= 230 ·106. One of the great advantages of this FFP with re-
spect to a microresonator15,16 is its plug-and-play feature into
an all-fiber photonic device.

III. EXPERIMENTAL SETUP

The FFP resonator is exploited in the experimental setup
described in Fig 2. The generation of CSs requires bistable op-
eration and specific excitation protocols5,14. One of the most
popular and efficient solution consists in performing a scan of
the resonance from blue to red and to stop at a precise laser
frequency, which fixes a specific cavity detuning. To achieve
precise control over the cavity detuning, a two-arms stabiliza-
tion scheme is implemented22,26. The CW laser is split into
two beams: one beam serves as the control beam for stabiliz-
ing the laser on a cavity resonance (control beam), while the
other beam acts as the pump beam for the cavity (nonlinear
beam). The polarization states of the control and nonlinear
beams are crossed in order to minimise nonlinear interactions
between them. The polarisation states are adjusted using po-
larization controllers to ensure their separation at the output
using a polarization beam splitter. This configuration allows
independent handling of the beams and prevents their interac-
tion within the cavity. The stabilization process [lower beige
arm in the Fig. 2] is achieved through a Pound-Drever-Hall
(PDH) system27,28. On the other hand, the detuning of the
nonlinear beam [upper brown arm in Fig. 2], is controlled us-
ing a homemade tunable single-sideband generator [see SSB
in Fig. 2]. The nearest side band of a modulated beam, ob-
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FIG. 2. Experimental setup with a two-arms stabilization system.
Brown line: pumping path; beige line: stabilization path. The pump-
ing and stabilization beams are perpendicularly polarized to each
other. PM: Phase Modulator; EDFA: Erbium Doped Fiber Ampli-
fier; PC: Polarization Controller; OI: Optical Isolator; PD: Photodi-
ode; PDH: Pound-Drever-Hall; SSB: single-side-band generator.

tained with a phase modulator driven by a 30 GHz tunable
frequency synthesizer (TFS), is isolated to obtain a pump sig-
nal with a tunable frequency shift. The nonlinear beam is fur-
ther amplified by an erbium-doped fiber amplifier to reach a
power of 1 W before being launched into the cavity.

IV. CARACTERIZATION OF THE DIFFERENTS
NONLINEAR REGIME OF THE CAVITY

Thanks to this setup, we can easily observe the distinct
nonlinear regimes of the cavity, varying with the detuning,
through the use of a basic CW pump. It is worth noting that the
use of a PDH system for stabilization make the experimental
setup very robust compare to the use of a simple Proportional-
Integral-Derivative (PID) systems. It allows to compensate
environmental vibrations and the thermal effect due to the
strong CW laser pump29. First, a classic fast redshift scan
is applied. The TFS frequency is sweeped from 30 GHz to
30,5 GHz with a speed of 2 GHz/s. The evolution of the out-
put power through the scan is recorded thanks to a photodi-
ode and an oscilloscope, and is represented in Fig. 3(a). As
expected, we observe three different regions [(1), (2), (3) in
Fig. 3(a)], corresponding to the different well-known comb
structures in Kerr resonators, in sequence: modulation insta-
bility (MI), chaos and solitons2,4,5,30,31. Second, in a way to
observe the evolution of these three nonlinear regime, we per-
form a slow redshift scan recording for each TFS frequency
value, the optical spectrum and radio frequency (RF) beatnote
centered at the first beatnote (498.6 MHz), of the generated
signal, with an optical spectrum analyzer (OSA) and an elec-
trical spectrum analyzer (ESA), respectively. Fig. 3(b) and (c)
illustrate the evolution of the experimental generated signal
as a function of the detuning, which can be obtained by the
relation: ∆δ = − 4πnL

c ∆ν , where ∆δ and ∆ν are the detuning
variation and TFS frequency variation, respectively (c and n



3

0

1

P
ow

er
 (

a.
 u

.)

-10 -5 0 5 10

Frequency shift (MHz) 
[-498.6 MHz]

-0.04

0.08

0.12

D
et

un
in

g 
(r

ad
)

-80

-60

-10

(3)

(2)

(1)

1450 1500 1550 1650 1650

Wavelength (nm)

(i)

-10 0 10
Frequency shift (MHz) 

[-498.6 MHz]

P
ow

er
 (d

B
m

)

-60

-35

-10

-80

-10

-80

-10

-80

-10

-80

-10

-80

-10

-80

-10

(b) (c)

(d)

(e)

(f)

(g)

(h)

1450 1550 1650

Wavelength (nm)

P
ow

er
 (d

B
m

)

1 2 3 4 5
Time (ms)

(a)

(1)

(2)

(3)

0.04

FIG. 3. Experimental recordings as a function of the cavity detuning. (a): Nonlinear transfer function with a fast redshift scan of the cavity
(scan speed = 2 GHz/s). (b): Spectrum evolution with cavity detuning. (c): RF beatnote evolution with cavity detuning. (d), (e) and (f):
Snapshot of each comb structure spectrum, corresponding to the black dashed lines in (b). (g), (h) and (i): Snapshot of each comb structure RF
beatnote, corresponding to the white dashed lines in (c). (f) and (i): MI, δ =−0.015 rad. (e) and (h): chaos, δ = 0.06 rad. (d) and (g): soliton,
δ = 0.12 rad. The video in the supplemental material provides a comprehensive overview of the comb structure variation throughout the scan.

are speed of light in vacuum and the effective refractive in-
dex of the fiber mode) . In these figures, the three nonlinear
regimes can easily be identified with a clear separation be-
tween each. Fig. 3(d)-(i) show several characteristic examples
of the spectrum and RF beatnote of the three comb structures
to get a clearer insight. (1) MI comb formation, characterized
by its symmetric sidelobes around the pump in the spectral
domain [Fig. 3(b) and (f)], resulting to a stable oscillation as
the RF spectrum shows [Fig. 3(c) and (i)]. (2) MI lobe mix-
ing leads to a chaotic transmission variation and produces a
chaotic comb [Fig. 3(b) and (e)]. The chaotic regime is well
illustrated by a huge broadening of the beatnote as showed in
Fig. 3(c) and (h). The spectrum broadens, and a spectral com-
ponent appears at 1430 nm due to the TOD as we will dis-
cuss below [Fig. 3(b) and (e)]. (3) CSs are generated resulting
in a broad coherent optical OFC over 200 nm (i.e. 28 THz)
[Fig. 3(d) and (g)]. Interestingly, Fig. 3(b) shows the existence
of different CSs regime, indicating the circulation of multiple
solitons within the cavity. However, the sensitivity the detec-
tion system in Fig. 3(a) does not allow to clearly highlight the
different soliton regimes, from several CSs to a single one.
The low sensitivity of the used photodiode might be the rea-
son behind this discrepancy, as multiple steps may be present
but not detectable.

In order to get a complete characterisation of the dynamics
of the system, we record the phase noise spectra correspond-
ing to each regime in Fig. 4: MI comb, multiple soliton comb,
and single soliton comb. These measurements confirm that
CSs present the most stable regimes. As expected, the phase
noise of the MI comb is significantly higher (40 dB) compared
to CSs. An interesting observation is that the phase noise of
the multiple soliton comb closely resembles that of the sin-
gle soliton comb in the low frequencies. However, in the high
frequencies, the multiple soliton comb demonstrates consider-
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FIG. 4. Phase noise spectrum measurements of different generated
signals. Modulation instability: δ = −0.015 rad; multiple solitons:
δ = 0.1 rad; single soliton: δ = 0.12 rad

ably higher phase noise compared to the single soliton comb,
30 dB higher, with a comparative level to the MI comb.

V. NUMERICAL SIMULATIONS

We reproduced the experimental results by numerically
solving the Lugiato-Lefever equation adapted for FFP cavi-
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ties (FPLLE)3,32,33:

tR
∂ψ

∂τ
=−(α +δ )ψ +θ

√
Pin

+2L
[
−i

β2

2
∂ 2

∂ t2 + iγ|ψ|2 + iγ
2
tR

∫ tR/2

−tR/2
|ψ|2dt

]
ψ, (1)

where Pin is the input power, tR = 1/FSR(= 2.0056ns) is the
roundrip time, θ = 0.0529 is the transmissivity of the mirror
and α = π/F accounts for the total cavity losses (valid for
F � 1). We used the same parameters as in experiments and
set the detuning to δ = 0.12. Fig. 5(a) shows the measured
soliton spectrum, spanning over an impressive 28 THz. The
experimental spectrum is in good agreement with the numer-
ical predictions obtained by FPLLE, represented in green in
Fig. 5(a). As for microresonators34, the use of a fiber with
low GVD and a high nonlinear coefficient enables the genera-
tion of broader spectra, compared to those achieved with con-
ventional telecom fibers3,24, even with moderate pump power.
Note that the SMF-HNLF transition induce 3 dB losses, i.e.
an effective input power Pin = 0.5 W. The simulation reveals
the generation of a soliton of 80 fs duration [green line in
Fig. 5(b)], which agrees with the sech²-envelope fit [yellow
lines in Fig. 5(a) and (b)].

In addition, an important spectral peak 15 THz away from
the pump is observed. This corresponds to a dispersive wave
(DW), also known as Cherenkov radiation, which is emitted
by the CS due to high-order dispersion (HOD)17,35–39. In-
deed, the cavity is pumped only 5 THz away from the zero-
dispersion wavelength (ZDW), allowing an efficient radiation
process. The frequency of the DW with respect to the soliton
satisfies the phase matching condition17,35,37 reported in Eq.
(2):

2Lβ3

3!
ω

3 +
2Lβ2

2!
ω

2−Dω−δ = 0. (2)

Here, ω is the normalized angular frequency shift of the
driving field, and D represents the group-delay accumulated
by the temporal CSs with respect to the driving field over
one round trip (in units of time). Indeed, TOD makes the
CSs group-velocity slightly different from that of the driv-
ing field, leading to a spectral recoil17,37. This phenomenon

is observable in both the experimental and simulated spec-
tra presented in Fig. 5(a). Thus, the soliton propagates to-
gether with the extended radiation tail attached to it [green
line in Fig. 5(b) and (c)]. The measured DW frequency
position (15.77 THz) is almost identical to the one derived
from the phase matching condition (15.69 THz) [red line in
Fig. 5(a)], itself identical to the frequency position of the sim-
ulated DW [green line in Fig. 5(a)]. The drift delay is calcu-
lated as D = β2ΩCS2L+β3Ω2

CSL, where the recoil frequency
shift ΩCS/(2π) = 1105 GHz is determined through the nu-
merical simulation [green line in Fig. 5(a)] as in Ref.17. It is
worth noting that the nonlinear contribution, which depends
on the cavity length and CS background power, is not incor-
porated in the phase matching condition, due to its negligible
impact. Nevertheless, it becomes relevant in specific stud-
ies, such as Ref.17. In the context of FFP cavities, accounting
for this would entail considering the specific characteristics of
the two-way light circulation, and the additional phase aris-
ing from cross-phase modulation32,33,40. However, this aspect
falls outside the scope of this study but presents a potential
avenue for exploration in subsequent investigations involving
adapted cavities.

VI. CONCLUSION

In this study, we have reported the generation of an OFC
spanning over 28 THz (i.e. 200 nm), corresponding to a 80 fs
cavity soliton duration emitting a dispersive wave, by using a
high-quality factor FFP resonator pumped by a CW laser. The
use of this kind of cavity benefits of the ease of implementa-
tion into photonic systems by means of its FC/PC connectors.
Moreover, our advanced setup with an independent control of
the cavity detuning and of the stabilization beam, enabled a
smooth tuning of the cavity detuning to observe the dynamics
of the system, as well as an excellent stabilization of the cav-
ity with a PDH system to reach -110 dBc/Hz in the best case.
The overlap of the CS with the normal dispersion lead to the
generation of a DW at 15 THz from the pump. These ex-
perimental results are in excellent agreement with numerical
simulations. This work contribute to the development of new
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platforms to generate OFCs, with a view of new applications
for fiber systems.
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