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The interplay between the dispersion and spectral filtering effect in Kerr-ring resonators allows the formation
of dispersion-less Kerr solitons, an alternative class of Kerr solitons featuring with ultrabroad spectrum and zero
chirp. In contrast to a ring resonator, the nonlinear interactions between the counterpropagating light waves in a
F-P resonator introduce an additional phase shift, which modifies the system-effective detuning, hence impacting
the soliton existence range and its formation dynamics. In this article, we investigate numerically the formation
of dissipative Kerr solitons (DKSs) in a 10-mm-long Fabry-Pérot (FP) microresonator with a super-Gaussian
spectral filter in the normal dispersion regime. Simulation results found that the spectral loss provided by the
filter plays a significant role in the formation of DKS. Without the filter, the FP microresonator yields platicons
featuring a flat-top pulse with oscillating tails on both sides. For a super-Gaussian spectral filter with an order of
n — o0, the resonator approaches the transform-limited DKS regime with ultraflat spectrum. An intermediate
state of chaotic states of multipulses was observed in the transition from the platicon to the transform-limited
DKSs when using the detuning scan technology, the dependence of the appearance of the chaotic state on the
spectral filtering effect. Finally, the energy-width scaling behavior and the enhancement of the performances
of the transform-limited DKS are studied. Simulation results deepen our understanding of nonlinear dynamics
of transform-limited DKS combs and point out a way for achieving a high-energy DKS comb with ultraflat

spectrum in Kerr resonators.
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I. INTRODUCTION

Dissipative Kerr solitons (DKSs) are localized structures
that manifest as ultrashort pulses in the time domain and
equally spaced coherent spectral lines in the frequency do-
main [1,2]. In contrast with traditional dissipative solitons in
mode-locked lasers [3,4], the formation of DKSs is a result
of the balance between the parametric gain and loss in the
presence of nonlinearity and dispersion in Kerr resonators [5].
As a new family of optical frequency comb sources [6,7], the
realization of DKSs in microresonators has attracted extensive
attention in recent years, promoting the development of the
chip-scale frequency combs and various practical applications
[8,9]. Being basic structures, the DKS has also been widely
observed in diverse nonlinear systems [10,11], facilitating the
fundamental research on soliton dynamics [12,13].

When referring to DKS, it is bright DKS by default. Be-
sides suffering from the low pump-to-soliton efficiency that
is caused by the small overlap between the continuous wave
(CW) pump field and the intracavity filed [14], the mandatory
requirement of the anomalous dispersion for the formation of
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the bright DKS in Kerr resonators imposes restrictions on plat-
forms and also limits the DKS performance. For instance, the
fabrication of anomalous dispersion microresonators based
on Si3Ny that is complementary metal-oxide semiconductor
(CMOS) compatible poses a great challenge to the manufac-
turing process [15]. Opposite to bright DKSs, the formation
of stable structures such as dark pulses [16,17] or platicons
[18,19] in normal dispersion Kerr resonators offers an alter-
native way to improve the pump-to-soliton efficiency [20,21],
benefitting the formation of the high-power ultrabroad DKS
comb [22].

Stable structures of platicons have been observed in zero-
dispersion Kerr resonators in which the third-order dispersion
is dominant to balance the nonlinearity instead of the group
velocity dispersion (GVD) [23]. In such zero dispersion cav-
ities, the platicon is formed due to the interlocking of two
switching waves forming a stable solitary structure with a
quantized number of peaks [24]. Interestingly, when the spec-
tral filtering effect involves, a new family of DKS as a result
of the balance between nonlinearity and spectral filtering
effect has been found in a zero dispersion Kerr-ring res-
onator. The high-order Gaussian spectral filter with an order
of n — oo that provides a nearly rectangular transmission
function plays a significant role in the formation of the so-
called “dispersion-less Kerr solitons” [25]. In comparison to
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FIG. 1. (a) Schematic diagram of the simulation model of the
spectral-filtered normal dispersion FP microresonator pumped by
using a sech® pulse. (b) Spectral transmission of a super-Gaussian
filter with different orders.

platicons, the dispersion-less DKS features a single peak pulse
without chirp and its spectrum is flat over the entire spectrum
with excellent power equilibrium of each comb’s teeth, mak-
ing itself a superior alternative to bright DKS and platicons for
applications such as telecommunications [26], light detection
and ranging (LIDAR) [27], spectroscopy [28], to mention a
few. The mechanism of the formation of the dispersion-less
DKS is apparently different from platicons, but the connection
and difference between these two different regimes are rarely
explored. Also, the formation dynamics of such a type of DKS
with ultraflat spectrum in Kerr microresonators also remain
elusive and deserve further study, as Kerr microresonators
represent a new exciting direction for chip-scale frequency
comb generation.

In this article, we numerically investigate the formation
dynamics of DKS in a normal dispersion Fabry-Pérot (F-P)
microresonator where a super-Gaussian spectral filter is in-
cluded in the cavity. In contrast to other platforms such as
ring Kerr resonators [25], the nonlinear interactions between
the counterpropagating light waves in the F-P resonator will
introduce an additional phase shift on the intracavity light
filed, leading to a change in the system-effective detuning and
consequently modifying the soliton formation dynamics. In
the spectral-filtered F-P cavity with an order of n — oo, we
observe the formation of stable DKSs with ultraflat spectrum.
As without chirp, the formed DKS is termed as transform-
limited DKS in the text. The impact of the filter order on the
formation of stationary structures in the F-P cavity is studied,
revealing the significant role of the spectral filtering effect
on the formation of transform-limited DKS. An intermediate
state of chaotic multipulses is observed during the transition
from the platicon to the transform-limited DKS in the normal
dispersion resonator when using detuning scan technology,
which distinguishes transform-limited DKSs from platicons.
As an additional family of DKS, the energy-scaling behavior
of the transform-limited DKS and the optimization of DKS
performances are also studied and discussed.

II. SIMULATION MODEL

The microresonator being studied is a typical F-P res-
onator [29,30], which is coherently pumped by a pulsed laser
source at 1560 nm. A schematic of the numerical model is
depicted in Fig. 1(a). The resonator consists of a 10-mm-
long highly nonlinear fiber (HNLF) with a high reflective
coating of 99.8% at the pump wavelength of 1560 nm on
both ends of the fiber. Therefore, the input coupling efficiency
of the coherent pump source is only 0.2%. For feasibility,

we use pulsed pumping technology to excite the DKS. The
pumping pulse is with a sech? intensity profile and its pulse
duration serves as a parameter that varies accordingly for
getting the desired DKS state at a certain pumping power. A
super-Gaussian spectral filter is introduced in the resonator to
perform spectral filtering. Different than the traditional DKS
that is a result of the balances between parametric gain and
loss in the presence of dispersion and nonlinearity, the order
of the super-Gaussian filter serves as the critical parameter
for achieving the transform-limited DKS with the ultraflat
spectrum in the F-P resonator. Figure 1(b) shows the trans-
mission function of the spectral filter with different orders
of n, taking the form T = exp{—[2(w — wy)/Aw]"}, where T
denotes the transmission function, wy is the central frequency
of the filter, Aw is the filter bandwidth, and » represents the
filter order controlling the sharpness of the Gaussian fall-off.
When n = 2, the filter is a typical Gaussian filter [blue dashed
curve in Fig. 1(b)]. With the increase in the order n, the filter
becomes a super-Gaussian filter with a flat plateau-shaped top
and a smooth Gaussian-off [see pink dashed curve and green
dashed curve in Fig. 1(b)]. For n — oo, the transmission of
such a filter is close to a gate function with a rectangular shape
[red curve in Fig. 1(b)]. The critical role of the spectral filter-
ing effect for achieving transform-limited DKS with ultraflat
spectrum in the F-P resonator will be studied later.

Model equations consisting of a nonlinear Schrodinger
equation (NSLE) [Eq. (1)] with proper periodic boundary
conditions [Eq. (3)] are employed to simulate the nonlinear
dynamics in the filter-based normal dispersion F-P Kerr mi-
croresonator. An additional phase shift that is dependent on
the intracavity average power (P.,y) is added in the traditional
NSLE [31] in the F-P resonator model [see the last term in
Eq. (1)]. Being different from Kerr ring resonators, the addi-
tional nonlinear integral phase term in the model influences
the existence and the formation dynamics of DKS in F-P
microresonators [31]
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where E (z, T) is the time-varying envelope of the optical field
propagating along the z coordinate in resonator. 3, is the GVD
coefficient and y is the nonlinear coefficient. The subscript
m denotes the mth roundtrip, z is the propagating distance,
and 7 is the retarded time for a pulse moving at the group
velocity at the central frequency. The average power P,, can
be obtained by integrating the intracavity light field along the
resonator. L is the cavity roundtrip length. By solving Egs. (1)
and (2), we can obtain the time domain envelope of the field
E(z =L, t) after traveling along the HNLF. Then, a filter
performs the filtering effect on the field E(z = L, w) in the
frequency domain before applying the periodic boundary con-
ditions. E(z = L, w) is obtained by taking a Fourier transform
of thefield E(z =L, 7).

The boundary conditions consider the discrete terms of the
pumping field (P,;,), cavity loss (), and the phase detuning (8)
that is defined as the frequency offset between the pumping
frequency and the cavity resonance frequency, respectively.
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FIG. 2. Simulation results of the pulse intensity profile and the corresponding spectrum in the F-P resonator with a super-Gaussian filter
of different orders of n. (a)—(e) Pulse intensity profile. The red dash curves are the chirp of pulses. (f)-(j) Spectrum.

Therefore, the input field E(z = 0, t) at the next roundtrip is
given by the expression

Epi1(z=0,7) = VOE;, + V1 —ae E (=L, 1), (3)

where 6 is the input coupling efficiency of the pump and o
is the total cavity roundtrip loss. E; (z = L, ) is the Fourier
transform of the envelope of the intracavity field in the fre-
quency domain after the filter, which is given by

E (z=L w)=E,(z=L,o)T

=E,(z=L, w)exp(—[%] ) (4)

In the simulations, all the parameters are chosen to match
typical experimental values, with 6 of 0.002 and « of 0.006.
The fiber parameters are B = 7.5 ps’/km and y = 12
W~!/km, respectively. Considering B, > 0 at the pumping
wavelength, the resonator operates in the normal disper-
sion regime. The pulsed pumping field is given by E;, =
/P, sech(t/19), where P, is the pulse peak power and T is
the temporal duration of the pumping pulse. The initial condi-
tion to start the simulation is a weak white noise field, which
is generated by using a MATLAB default function. Equation (1)
is solved by using the classical split-step Fourier-transform
method, where the linear dispersion terms are calculated in
the frequency domain and the nonlinear terms are integrated
directly in the time domain.

II1I. SIMULATION RESULTS
A. Transform-limited DKS with ultraflat spectrum

We first investigate the DKS formation in F-P microres-
onators with a superspectral filter. The pumping field is a
sech? pulse characterized by a peak power of 5 W and a pulse
duration of 1 ps, respectively. The spectral filter is centered at
1560 nm with a 3-dB bandwidth of 28 nm. We set here the de-
tuning of § = 0.06 rad. Figure 2 shows the simulation results
of the temporal pulse profile and the corresponding spectrum
at different filter orders. It is worth noting that, without the
filtering effect (n = 0), we observe the formation of a typical

platicon that features a 1.51-ps flat-top pulse with oscillating
tails on both sides of the pulse in the time domain [see in
Figs. 2(a) and 2(f)]. Once the filtering effect is involved, for
instance, for a typical Gaussian spectral filter with an order
of n = 2, the intracavity field rapidly converges into a stable
DKS characterized by a 2.17-ps Gaussian pulse with a positive
chirp. Figures 2(b) and 2(g) show the pulse intensity profile
and its corresponding spectrum, respectively. Note that the
spectral width of the formed DKS is about 2 nm, far smaller
than the spectral filter width. The physical mechanism of the
relatively narrow spectrum of the convergent solution of DKS
can be attributed to the complicated balances among various
physical effects. The spectral filtering shapes the intracavity
field in the frequency domain, regulating the strength of SPM.
In addition, the parameters including the external coherent
pumping and the detuning delicately keep the balance among
multiple physical effects. Consequently, stable DKS with a
narrow spectrum is achieved.

When a super-Gaussian spectral filter (n > 2) with a flat
plateau top and smooth Gaussian fall-off is applied, the spec-
trum of the resultant DKS is confined along with the spectral
broadening process. Figure 2(i) demonstrates a rectangle-like
spectrum with a 3-dB spectral width of 20 nm at a filter order
of n =30, and its corresponding pulse shown in Fig. 2(d)
has a pulse duration of 0.37 ps, indicating that the pulse is
slightly chirped. The oscillating tails on both sides of the
pulse indicate the formation of the ultraflat spectrum. Further
increasing the filter order to infinity (n — o00) leads to a slight
broadening of the spectrum until a fully confined spectrum is
achieved, which is characterized by its vertical falling edge
on both sides of the spectrum. The ultraflat spectrum with the
power equilibrium of the comb over the entire spectrum range
[see the spectrum in Fig. 2(j)] and the corresponding nearly
transform-limited pulse profile [see the pulse intensity profile
and its chirp in Fig. 2(e)] demonstrate the uniqueness of the
transform-limited DKS, implying its great potential for many
practical applications. Note that our simulation results here
provide solid evidence for the connection and the distinction
between the two intriguing regimes (platicon and transform-
limited DKS).
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FIG. 3. Formation dynamics of the transform-limited DKS in the F-P microresonator. The peak power of the pumping pulse is 5 W. The
filter is a super Gaussian filter with n — oo and its spectral bandwidth is 28 nm. (a) Evolution of the intracavity energy in the detuning scan
process. (b), (c) Pseudocolor plots of the evolution of the temporal waveforms and spectrum, respectively. (d)—(i) The pulse intensity profile

and corresponding spectra at three different detunings.

B. Formation dynamics of the transform-limited DKS

It is of high interest to investigate how these transform-
limited DKSs form in the spectral-filtered normal dispersion
F-P microresonator. To this aim, we simulate the evolution
of the intracavity field in the F-P resonator at n — oo via
linearly scanning the detuning § from the blue-detuned to the
red-detuned region. The pumping field is the same as before (a
1-ps-long sech® pulse with a peak power of 5 W and the 3-dB
spectral width of the filter is 28 nm). As expected, when the
detuning crosses the resonance point (6§ = 0), stable structures
(state I) emerge, followed by a chaotic regime (state II), and
then a characteristic soliton step (state III). The evolution pro-
cess can be reflected by tracing the energy of the intracavity
field shown in Fig. 3(a) and also confirmed by the evolution
of the intracavity pulse intensity profile [Fig. 3(b)] and of
the spectrum [Fig. 3(c)], respectively. This is attributed to the
complex dissipative effects of the spectral-correlated loss in
the presence of nonlinearity and dispersion in the cavity.

Figures 3(d) to 3(f) show three pulse intensity profiles oper-
ating in different regimes at specific detunings, demonstrating
the transition from a state of the platicon with multispikes on
top [Fig. 3(d)] to a state of a single transform-limited DKS
[Fig. 3(f)] through the unstable multi-DKS stage [Fig. 3(e)]. In
the entire evolution process, the spectrum is strictly confined
by the filter, which is reflected by the intracavity field evolu-
tion shown in Fig. 3(c) and the spectra plotted in Figs. 3(g)
to 3(i), respectively. As the detuning increases beyond a point
where the pump frequency is far from resonance, the decrease
in the pump-to-soliton efficiency leads to the disappearance
of the DKS state and naturally CW occurs again (state IV).
This indicates that the chaotic multi-DKS solutions are an

intermediate state between the platicon and transform-limited
DKS in Kerr resonators.

C. Step feature of the transform-limited DKS formation

In prior studies the deterministic formation of the single
transform-limited DKS in dispersion-less Kerr resonators is
attributed to the direct formation of multi-DKSs with the
absence of chaotic solutions during the detuning scan process
[25]. In contrast, the scenario of the occurrence of chaotic
multipulse solutions that we observe in the evolution of the
intracavity field via detuning scan in the normal dispersion
regime suggests that the chaotic regime is not an essential
approach for the system developing transform-limited DKS.
Hence, it is interesting to investigate the soliton step fea-
ture of the transform-limited DKS formation under different
pump conditions. Here, we take a 4 ps-long pulse with a peak
power of 5W as the pumping pulse and study the evolution
of the intracavity field in the F-P microresonator at a filter
order of n = 30. The 3-dB width of the filter remains 28 nm.
Figure 4(a) depicts the pulse energy evolution of the intracav-
ity field. In this case, the energy trace of the intracavity field
during the detuning scan shows clearly soliton transition steps,
suggesting the formation of multi-DKSs (also called “soliton
molecules”) when the detuning crosses the resonance. Further
scanning the detuning towards the red-detuned region leads
to the annihilation of pulses in the multi-DKS state one by
one until a single transform-limited DKS is formed in the end.
We note the absence of some intermediate states in the soliton
leap step (for instance, 3 DKSs and 2 DKSs), which can be
attributed to the narrow soliton existence range that can be
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FIG. 4. Evolution dynamics of deterministic generation of single transform-limited DKS in a normal dispersion F-P microresonator with a
super-Gaussian filter of n = 30. The pumping pulse peak power is 5 W. The filter spectral width is 28 nm. S8, S7, S6, and S1 denote the number
of pulses contained in the soliton molecule structures. (a) Evolution of the intracavity energy and (b) Temporal intensity profile evolution in
the detuning scan process. (c), (d) Time domain profiles and spectra for four different states.

observed. Figures 4(c) and 4(d) present four typical states of
the pulse intensity profile and the corresponding spectrum in
the DKS annihilation process, respectively. The multispikes
on the top of the pulse intensity profile are a signature of the
number of solitons in the states, and the modulation on the top
of the well-confined spectrum is because of the interference
among pulses. Interestingly, there are no chaotic solutions
appearing in this case. The comparison of the evolving dy-
namics shown in Figs. 3 and 4 reveals the dependence of
the occurrence of the chaotic multipulse state on the spectral
filtering effect. The slight change in the pumping condition
pushes the laser system to go through different paths toward
the deterministic state of the single transform-limited DKS in
the resonator.

D. Energy-width scaling behavior of the transform-limited DKS

In this section, we study the energy-width scaling behavior
of the transform-limited DKS in the proposed F-P microres-
onator. As the spectrum of the transform-limited DKS is
well confined by the spectral filter, its energy-width scaling
behavior is expected to be different than traditional optical
solitons whose energy and pulse duration obey the condition
of Ep =2|B,|/(yt), where Ep is the pulse energy and t is
the pulse duration. Figure 5(a) shows the existence map of
different nonlinear solutions in the filter-based F-P microres-
onator in a two-dimensional parameter space in the plane of
(8, P;,) by solving the Ikeda map of the system at different
pumping power. The pumping pulse is a sech® pulse with a
pulse duration of 1ps and the spectral filter is a high-order
Gaussian filter with n — co. The color represents the in-
tracavity energy, hence different colors indicate regions for

different nonlinear solutions. First, we see the appearance of
different nonlinear solutions and the transition among them
during the detuning scan process. The white dashed lines show
clear boundaries of different solutions. State I corresponds to
the pattern of the modulation stabilities (MI) that are caused
by the periodic spectral loss of the filter, state II stands for
chaotic multipulses, state III represents the single transform-
limited DKS state, and state IV is for the CW operation.
Second, we observe an expansion of the existence range for
the transform-limited DKS as the pumping power increases,
which is a typical behavior commonly observed in diverse
Kerr resonator systems.

The point of this section is to study the energy-width scal-
ing behavior of the transform-limited DKS. To this end, we
plot in Figs. 5(b) to 5(d) the pulse energy and duration of DKS
solutions [labeled as red stars in Fig. 5(a)] as a function of
the detuning at a fixed pumping power of 5 W. Although the
pulse energy does increase linearly as the detuning increases
[blue curve in Fig. 5(b)], the pulse duration of DKS remains
constant [red star curve in Fig. 5(b)], besides the growth of the
pulse peak power and its intensity profile. The invariable 3-dB
spectral width shown in Fig. 5(d) also provides a signature of
the constant pulse duration. The self-similarly evolving pulse
and its spectrum distinguish the transform-limited DKS from
traditional DKSs. At a constant of the detuning of § = 0.1 rad,
when the pumping power is increasing, the evolution of the
pulse parameters of the transform-limited DKS exhibits sim-
ilar dynamics. The pulse duration remains unchanged while
the pulse energy increases linearly as the pumping power
increases. The unique energy-width scaling behavior of the
transform-limited DKS makes itself an alternative for realiz-
ing high-energy DKS comb in Kerr resonators.
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E. Effect of the filter width on the performance
of the transform-limited DKS

Concerning the features of the zero chirp and ultraflat
spectrum of the transform-limited DKS that is attracted for
practical applications, it is worth studying the optimization
of the DKS performances in the F-P microresonator. The
peak power of the pulsed pumping field is 5 W and the pulse
duration of 1ps. The dependence of the DKS performances
on the filter width (AX) is studied. By scanning the detuning
for five different filter widths, we observe clearly the soli-
ton steps from the evolution of the intracavity energy trace
[see in Fig. 6(a)], demonstrating an inverse relation between
the pulse energy and AA. Figures 6(c) and 6(d) present the
pulse intensity profile and the corresponding spectrum for dif-
ferent AX at the detuning of § = 0.1 rad. For a relatively small
AM, the resonator yields the transform-limited DKS with a
relatively wider pulse duration and higher pulse energy but
with a narrower spectrum that is confined by the filter width.
As shown in Fig. 6(b), the larger the value of A, the narrower
the pulse is, and naturally the broader the spectrum is. Also,
the spectrum of the DKS for a wider spectral filter becomes
flatter, which is an attractive feature for practical applications.
In contrast to the energy-width scaling law for traditional
solitons, the transform-limited DKS behaves differently. The
widest spectrum width we obtain in simulations is 36 nm and
its corresponding pulse duration is about 270 fs. Further op-
timization of the performance of the transform-limited DKS
can be obtained by increasing the pumping power and using a
wider spectral filter.

IV. CONCLUSION

In conclusion, we numerically studied the formation of
the transform-limited DKS in a normal dispersion F-P mi-
croresonator with a spectral filter. Via scanning the detuning
from the blue-detuned to the red-detuned region, a single

transform-limited DKS is deterministically formed through a
transition process in which a bound state of multipulses are
initially formed at certain detuning point and then annihilated
one by one along with the detuning scans until only one
survives. Before the onset of DKS operation, we observed an
intermediate state of chaotic multipulses during the transition
from the platicon to the transform-limited DKS state, which
distinguished the transform-limited DKS from platicon. Due
to the composite balance between the spectral loss and para-
metric gain in the presence of dispersion and nonlinearity,
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FIG. 6. The dependence of the performances of the transform-
limited DKS for five different spectral widths. The pumping pulse
peak power is 5-W pump power. (a) Evolution of the intracavity
energy as the detuning scans. (b) The pulse energy (cyan curves) and
pulse duration (red curves) as a function of the spectral filter width.
(c) Time profile of the transform-limited DKS and (d) spectrum
profile for five different filter bandwidths at a detuning of § = 0.1 rad.

053505-6



TRANSFORM-LIMITED DISSIPATIVE KERR SOLITONS ...

PHYSICAL REVIEW A 108, 053505 (2023)

the DKS had nearly zero chirp and an ultraflat spectrum. The
energy-width scaling behavior of the transform-limited DKS
was also studied, revealing the constant pulse duration and the
self-similarly evolving in the spectrum and pulse profile in the
process of increasing the pumping power. By optimizing the
filter width, an ultrashort of 270 fs DKS with nearly zero chirp
was obtained at a spectral filter width of 36 nm and a detuning
of 6 = 0.1 rad. Further enhancement in the performances
of the transform-limited DKS is possible by optimizing the
pumping field and the spectral filter parameters. Simulation
results hence provide an alternative way to obtain the high-
energy dissipative soliton comb in Kerr resonators, which has
great potential for applications in the fields of telecommuni-
cations, spectroscopy, and precision measurement, to mention
a few.

In addition to the additional nonlinear phase shift term
introduced by the F-P configuration, spectral filters with dif-
ferent spectral response functions also impact the effective
detuning of the system due to its frequency-dependent trans-
mission. One consequence of the spectral filtering is the effect
on the existence range of DKS, and a second consequence
is the impact on the evolution and formation of nonlinear
solutions in the systems. For instance, at a filter order of
n = 30, no solution of chaotic states was observed when using
the detuning scan technology to excite DKS. However, for a
case of n — o0, an intermediate chaotic state of multipulses
was observed in the transition from platicon to the DKS state.
Further detailed investigation of the formation of DKS in the
F-P cavity containing different types of filters may reveal

interesting differences, which is out of the scope of our present
work.

Finally, we would like to stress that our work demonstrates
the formation of transform-limited DKS in a spectral-filtered
normal dispersion F-P resonator, rather than ring resonators
[25]. An additional nonlinear phase term should be con-
sidered when using the Lugiato-Lefever equation (LLE) or
nonlinear Schrodinger equation (NLSE) with proper bound-
ary conditions to describe the system behavior. Therefore,
our simulation results provide guidance for the experimental
realization of such a type of DKS in other compact, on-chip
integrated microresonator platforms. Although it may be chal-
lenging to experimentally coat super-Gaussian spectral filters
with ideal transmission and neglectable losses on F-P cavities
as we implemented in simulations, the realization of stable
DKS in low-Q-factor cavities may ease the requirement of the
low-loss spectral filter for the realization of transform-limited
DKS in the spectral-filtered F-P resonators [32].
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