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Supercontinuum generation and soliton microcomb formation both represent key techniques for the formation of
coherent, ultrabroad optical frequency combs, enabling the RF-to-optical link. Coherent supercontinuum generation
typically relies on ultrashort pulses with kilowatt peak power as a source, and so are often restricted to repetition rates
less than 1 GHz. Soliton microcombs, conversely, have an optical conversion efficiency that is best at ultrahigh repetition
rates such as 1 THz. Neither technique easily approaches the microwave domain, i.e., 10 s of GHz, while maintaining an
ultrawide spectrum. Here, we bridge the efficiency gap between the two approaches in the form of resonant supercontin-
uum generation by driving a dispersion-engineered photonic-chip-based microresonator with picosecond pulses of the
order of 1-W peak power. We generate a smooth 2200-line soliton-based comb at an electronically detectable 28 GHz
repetition rate. Importantly, we observe that solitons exist in a weakly bound state with the input pulse where frequency
noise transfer from the input pulses is suppressed even for offset frequencies 100 times lower than the linear cavity decay
rate. This transfer can be reduced even further by driving the cavity asynchronously, ensuring the frequency comb stays
coherent even for optical lines very far from the pump center. © 2021 Optical Society of America under the terms of the OSA
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1. INTRODUCTION

Supercontinuum generation (SCG) or “white light” generation
[1,2] is one of the most dramatic nonlinear phenomena discovered
[3,4]. It refers to a process where high-intensity optical pulses are
converted into coherent octave-spanning spectra by propagation
through a dispersion-engineered waveguide, fiber, or material
[Fig. 1(a)]. Following the demonstration of dramatic broaden-
ing in optical fibers [3], it enabled the self-referencing of optical
frequency combs, establishing the RF-to-optical link [5,6]. Since
then, the process has been well studied in photonic crystal fibers
[7,8], owing to their capacity for dispersion engineering.

SCG is based on a combination of nonlinear phenomena
including soliton fission, dispersive wave formation, and the
Raman self-frequency shift [9]. Commonly, to generate a super-
continuum that is coherent as well as having ultrahigh bandwidth,
ultrashort pulses (∼100 fs) with high peak powers (>1 kW) are
needed so that the pulse undergoes a process known as soliton fis-
sion under conditions of anomalous dispersion [9,10], as opposed
to incoherent modulation instability [11] (MI). Dispersive wave
emission (alternatively, soliton Cherenkov radiation [12]) simul-
taneously serves to extend the spectrum towards other spectral
regions far from the pump [13]. More coherent SCG can be done

under normal dispersion dominated by self-phase modulation
(SPM); however, this generally hinders the achievable bandwidth
[8]. To obtain a broadband spectrum, SCG has most often required
the input of mode-locked laser systems operating at repetition rates
of<1 GHz so as to provide high peak power. Although photonic-
chip-based waveguides with a high material nonlinearity have
reduced required pulse energies by an order of magnitude, and have
allowed lithographic dispersion engineering [14–17], synthesis of
octave spanning spectra with line spacing>10 GHz has remained
challenging. Accessing this regime has been achieved using SCG
driven with electro-optic (EO) frequency combs [18–21], pro-
viding ultrabroad frequency comb formation at repetition rates of
10–30 GHz, although multiple stages of amplification and pulse
compression were required to replicate the same pulse duration and
peak powers available from mode-locked lasers.

An alternative technique for the generation of coherent fre-
quency comb spectra is Kerr comb generation [22], i.e., soliton
microcombs. Kerr comb generation uses the resonant buildup of
a continuous-wave laser to generate a frequency comb via para-
metric frequency conversion and the formation of dissipative
Kerr solitons (DKSs) [23]. These DKSs exhibit a rich landscape
of dynamical states, such as breathing [24,25], chaos [26], and
bound states [27]. In contrast to SCG, DKSs circulate indefinitely,
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Fig. 1. Resonant supercontinuum generation using a dispersion engineered Si3N4 photonic chip. (a)–(c) Principles of broadband frequency comb gen-
eration compared. (d) Experimental setup. MZM, Mach–Zehnder modulator; EOM, electro-optic modulator; EDFA, erbium-doped fiber amplifier; ESA,
electronic spectrum analyzer; OSA, optical spectrum analyzer; OSC, oscilloscope. The input pulse train is coupled into and out of the microresonator chip
via lensed fibers. (e) Frequency noise of the two RF signal generators at 14 GHz. (f ) Spectrum of the 14-GHz EO comb before amplification. (g) Retrieved
FROG measurement of the optimum pulse duration. (h) Microscope image of part of the microresonator, depicting the coupling section.

relying on a double balance of nonlinearity and dispersion as well
as parametric gain and dissipation [28]. The cavity enhances the
pump field, dramatically reducing the input power threshold for
soliton formation. Yet, the process itself has a conversion efficiency
that reduces with decreasing repetition rate owing to the reduced
overlap of the DKS and the background pump [29] [Fig. 1(b)].
As a consequence, octave-spanning soliton microcombs to date
have been synthesized with 1 THz line spacing only [30,31],
and it has proven challenging to synthesize spectra with 10–50
GHz repetition rate with either SCG or microcomb formation.
However, a growing number of applications benefit from coherent
supercontinua with line spacing in the microwave domain that
can be easily detected and processed by electronics, such as optical
frequency division [32] and Raman spectral imaging [33]. Such
widely spaced comb spectra are resolvable in diffraction-based
spectrometers for astrocombs [34–36], and are highly appropriate
as sources for massively parallel wavelength-division multiplexing
[37,38]. They can also remove the ambiguity in the identification
of individual comb lines.

In this work, we demonstrate resonant SCG, a synthesis
between conventional SCG and soliton microcombs [Fig. 1(c)].
By supplying a microresonator with a pulsed input, we take equal
advantage of the resonant enhancement offered by the cavity, as
well as the higher peak input powers and conversion efficiency
allowed by pulses as compared to CW [39]. Prior experiments on
SCG with “feedback” have been carried out in the regime of strong
broadening and high loss each roundtrip, i.e., low cavity finesse

[40,41]. This work of what we term as “resonant” supercontin-
uum takes place in the regime of ultrahigh microcavity finesse
(>100) where loss and nonlinear processes occur over hundreds
of roundtrips. In both cases, the microresonator physics can be
modeled using the generalized nonlinear Schrödinger equation
(GNLSE) piece-wise with the resonator-to-bus waveguide coupler
term forming the cavity [42,43]. In this limit of high finesse, the
dynamics may in turn be modeled using a single mean-field model,
the Lugiato–Lefever equation (LLE), and hence can be considered
to be equivalent to pulse-driven Kerr microresonator physics.

Where recent works on pulse-driven Kerr cavities for DKS
generation have focused on single soliton generation with high
conversion efficiency over a narrower optical band [44], and
peak-power enhancement [43], the use of dispersion-optimized
photonic waveguides to generate a spectrum with an enhanced
bandwidth and flatness has not yet been demonstrated with this
method. Here, we make use of the low-loss photonic Si3N4 res-
onator platform [45]. By promoting low dispersion with a strong
third-order component, we generate DKS states exhibiting strong
Cherenkov radiation, bound to the driving pulse. In the frequency
domain, this forms a flattened, broadband spectrum close to 2/3 of
an octave wide, using only pulses that are 10 times longer in dura-
tion, and with peak power three orders of magnitude lower, than
in typical Si3N4-based SCG [21,46], and with an electronically
detectable repetition rate of 28 GHz. Compared to contempo-
rary CW-driven soliton microcombs, this spectrum is five times
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broader than those with similar line spacing [47], and seven times
more spectrally dense than those with a similar bandwidth [48].

We further investigate, numerically and experimentally, the
nature of the bonding between the generated DKSs and the driving
pulse [49], particularly the nonlinear filtering [50] of noise transfer
this weak bonding gives rise to. This nonlinear filtering is found,
remarkably, to combat noise multiplication, a known drawback of
EO-comb-driven SCG, where frequency noise on the input pulse
repetition rate is transferred and multiplied over the generated
optical lines, destroying their coherence [19,51]. We find a way to
optimize this filtering, in both simulations and experiment.

2. RESULTS

The chip-based Si3N4 microresonator used for this experiment
[section depicted in Fig. 1(h)], has a free spectral range (FSR)
of 27.88 GHz and a loaded linewidth in the telecom band of
κ = 2π .110 MHz (most probable value [52]). The waveguide
dimensions have been selected to give a comparatively low dis-
persion [47] of β2 =−11 fs2/mm. The pulse train incident on
this chip is synthesized using cascaded EO modulation, intensity
modulation, and dispersion compensation [53,54] [Fig. 1(d)],
providing pulses with a minimum duration of 1 ps, at a repetition
rate f ′eo = 13.94 GHz. In this way, the microresonator is sub-
harmonically pumped every two round trips [35], and only every
second comb line interacts with the cavity modes at an effective
feo = 2 f ′eo. This decreases the conversion efficiency by a factor of
two, but reduces the requirements on the microwave transmission
system. A tunable RF signal generator supplies feo, and we keep
two alternative RF sources—with relatively high (RF-1) and low
(RF-2) phase-noise—to observe how their frequency noise is trans-
ferred to the resonant supercontinuum. Further details are found
in Supplement 1 (Section 1).

DKS states are generated on the input pulses by sweeping their
carrier frequency ωp from the blue- to the red-detuned side of the
cavity resonance ω0, to the region of cavity bistability [23], such
that the detuning δω=ω0 −ωp > 0. Before a DKS can be formed
stably, the difference between the repetition rate of the pulse train
feo and the cavity FSR has to be matched to within a “locking
range.” Inside this range, the generated soliton becomes locked to
the driving pulse [44] (or modulated background [55]), so that the
comb frep = feo. A simulated example of this is depicted in Fig.
2(a). In this experiment, the locking range is∼30−50 kHz.

The measured output spectrum of the microresonator during
single-state DKS operation is presented in Fig. 2(c), generated
at two input powers: the minimum required to form a DKS, and
a higher power generating the most energetic spectrum for this
work. They both exist at the maximum accessible cavity detuning
δω, where the spectral bandwidth of the DKS scales as�S ∝

√
P0

[56,57], hence the dramatic broadening of the spectra. The first,
least energetic soliton has a 3-dB bandwidth of 9.5 THz, and an
estimated pulse duration of 55 fs based on a sech2 fit. The energy
of a soliton scales the same way [29]; hence, this first DKS has the
highest conversion efficiency from the input comb to generated
lines of 8%. The high-energy DKS measurably spans 64 THz or
600 nm, accounting for 2300 measurable lines (1400 in 10 dB),
and has a conversion efficiency of 2.8%. This is the highest line
count for a single-state DKS, with a bandwidth exceeding the
C+ L bands, to our knowledge. Simulations shown in Figs. 2(a)
and 2(b) replicating the measured spectrum predict a distorted

DKS due to the strong dispersive wave emission, and having a
duration of ∼24 fs. The spectrum is strongly enhanced on the
long-wavelength side due to the prominent third-order dispersion
of the waveguide, forming a dispersive wave at 1957 nm, combined
with the soliton Raman self-frequency shift, which has shifted
the spectral center from the pump at 1558 nm towards 1590 nm
[58,59].

Importantly, no fast-tuning methods [60] were required to
form DKS. Piezo-tuning was sufficient, suggesting a practical
absence of cavity thermal relaxation, which has complicated stable
soliton generation in the past [31,61]. The number of DKS ranged
from one to three. The effective average power required to generate
these single-soliton states ranges from 18 to 180 mW. The corre-
sponding pulse energies range from 0.6 to 6 pJ, and we estimate
the peak powers to be from 0.6 to 6 W based on the frequency-
resolved optical gating (FROG) measurement of the pulse profile
[Fig. 1(g)]. These values indicate a high efficiency compared to
the results obtained by CW-driving the same microresonator. In
that case, parametric oscillation was reached at only 115 mW of
on-chip pump power. Beyond that, only a soliton crystal state [62]
comprising 185 individual DKSs was able to be formed at 345
mW, and beyond that, only chaotic states were observed. These
CW-driving results can be found in Supplement 1 (Section 2).

In terms of SCG, the lack of broadening undergone by the
pump pulse spectrum as it travels the 5 mm length of the bus wave-
guide is put into stark contrast with the large bandwidth of the
DKSs generated due the enhancement of the pump pulse inside
the resonator (also of length 5 mm). Such resonant enhancement
has allowed the pump pulse to reach an effective soliton order
N ≈ 40 as it continually circulates inside the resonator, allowing it
to undergo the MI phase seen in Fig. 2(a) at zero detuning. Only
the dissipative, bistable nature of the Kerr cavity allows a single
soliton to be isolated at a large detuning, a process unavailable in
single-pass supercontinuum. By this reasoning, we identify the
experiment as resonant supercontinuum. Further analysis on this is
in Supplement 1 (Section 7).

A. Coherence Properties

Figure 2(d) shows the repetition rate beatnote of the DKS excluding
the EO-comb spectrum. The beatnote corresponds exactly to two
times the RF source frequency, and with a 1-Hz limited linewidth
demonstrates high repetition rate stability. For measuring the opti-
cal coherence of the comb, optical heterodyne measurements are
taken against increasing values of µ, the comb line index from the
center pump, from 1550 nm to the outer edge at 1908 nm plotted
in Figs. 2(e)–2(g). Figure 2(e) shows a narrow heterodyne beatnote
at the edge of the EO comb. As comb lines become farther away
from the center, their linewidths quickly broaden, as shown in Fig.
2(f ), where we plot heterodyne beatnotes up to a range of 70 nm
from the comb center. This noise multiplication continues to the
long-wavelength edge of the comb, where the heterodyne beatnote
with a narrow-linewidth 1908-nm laser is plotted in Fig. 2(g).
Here, the linewidth has expanded to around 7.5 MHz according to
Gaussian fitting.

When we switch our RF signal generator from RF-1 to the
lower noise source RF-2, and measure the heterodyne comb beat-
notes at the same wavelengths in Figs. 2(f ) and 2(g) (two example
measurements given in (f ) and one in (g), we find that linewidths
are decisively more narrow. The linewidth at 1908 nm in particular

https://doi.org/10.6084/m9.figshare.14428871
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Fig. 2. Resonant supercontinuum generation and coherence. (a) Simulation of the time-domain intracavity field of the pulse-driven microresonator dur-
ing a scan over resonance, for a total time of t = 800 κ−1. The scan is halted at detuning δω= 5 κ (white-dashed line). The pulse background has a rep-
etition rate mismatch d =−50 kHz to compensate for the offset DKS group velocity. (b) Simulation time-domain slice of a dissipative soliton upon the
pulse input at two power levels corresponding to the experiment in (c). (c) Generated spectrum at maximum detuning. Lowest energy soliton with mini-
mum pulsed power required in dark blue. Fully formed spectrum using higher power in light blue. Inset: comb lines resolved by the OSA. Input power and
pulse energy noted as effective power coupled to the microresonator (total power incident on chip), taking into account chip insertion loss and×2 pulse inef-
ficiency. (d) Soliton repetition rate beatnote. (e) Beatnote at the 12th line at the edge of the EO comb. (f ) Beatnotes ofµth comb line, measured between the
pump and 1620 nm, from left to rightµ=−45,−88,−132,−175,−217,−259,−300 (horizontally offset by 4 MHz for clarity). (g) Beatnote at 1908
nm (µ=−1300). Legend applies across (f ) and (g).

has reduced by almost a factor of 10, down to 900 kHz. This dif-
ference in coherence at the wings of the spectrum, using different
EO-comb RF sources, confirms to us that this is the result of RF
noise multiplication, imposed on the comb spacing through the
locking between the input pulse and the DKS. However, as shown
in Supplement 1 (Section 3), when we form a conventional super-
continuum using an EO comb driven by the same RF sources, we
can detect the beatnote at 1908 nm only when RF-2 is used, not
RF-1. This indicates the presence of an additional filtering effect
possessed only by the DKS.

3. NOISE TRANSFER ANALYSIS

If one were to assume that the generated soliton is perfectly locked
to the input pulse, we would expect the optical frequency noise
of each soliton comb line to be coupled to the RF noise on
the coupled pulse repetition rate feo = 28 GHz, such that
S(µ)δν ( f )=µ2S(rf)f ( f ), with relative comb index µ (assuming
other sources of laser noise are small by comparison). However,
this is not the case for a DKS. The frequency-noise multiplication
transfer function can be found in numerical simulations based on
the LLE [63] with parameters similar to that of a typical Si3N4

resonator, where instead of a normally CW-driving term, we use

a pulsed input F (φ) (where φ is the spatial coordinate of the cav-
ity) similar in duration to that used in the experiment. It is also
slightly positively chirped, in line with our experimental EO-comb
compression stage (see Supplement 1, Section 1), giving a negative
phase curvature on the pulse [64]. Frequency noise equivalent
to a uniform power-spectral density of S(rf)f ( f )= 1.0 Hz2/Hz
is applied to the input pulse over a long period of “slow time”
(t > 4,000 κ−1), and the corresponding jitter of the soliton is
captured. For this first simulation, we have set feo, the input
pulse repetition rate, to be equal to the FSR for fully synchronous
driving.

The simulation results are shown in Fig. 3. In the time domain
[shown in Figs. 3(a) and 3(b)], the generated soliton is located at its
“trapping point” at ∼0.6 ps at the trailing edge of the pulse [49],
but under these synchronous and symmetrical pulse conditions,
it may equally find itself at −0.6 ps on the leading edge. As it is
trapped, or locked, to the background input pulse, it inherits jitter
and gradually walks back and forth in the “fast time” domain. The
noise applied to the input pulse itself during this one example, and
its corresponding walk in the time domain, is plotted in Fig. 3(c).

The corresponding frequency domain results are shown in
Figs. 3(d) and 3(e). Figure 3(e) in particular is obtained by taking
the Fourier transform over both dimensions of the optical field in
Fig. 3(b), therefore plotting the power spectral densities on the y

https://doi.org/10.6084/m9.figshare.14428871
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Fig. 3. Simulation of noise multiplication and nonlinear filtering, based on the Lugiato–Lefever equation. (a) Intracavity field at time t . Instantaneous
phase of the background pulse as dashed line. (b) Slow time versus fast time graph of intracavity field. (c) Frequency noise (gray, histogram in blue), and cor-
responding absolute timing jitter (orange), imposed on the input pulse over the period of the simulation. (d) Output spectrum, with inset showing input
spectrum. (e) Slow frequency versus fast frequency graph of the long-term frequency comb, with columns normalized to peak. White marks indicate comb
lines depicted in (g) and (h). (f ) Individual noisy comb lines selected from (d), with same comb mode µ as in the experiment [Fig. 2(f )]. (g) Frequency
noise spectra and (h) corresponding RF-noise transfer functions for individual comb lines marked in (e), including a comb line far from center (µ=−750).
Dashed lines indicate the linear cavity bandwidth (light blue), and cavity detuning (dark blue). Traces are averaged from eight simulations for clarity.

axis of each individual comb line along the x axis—a simulated
heterodyne beatnote (normalized to peak). As is evident, the
linewidth of each comb line widens considerably as it becomes
farther from the comb center. In Fig. 3(f ), individual beatnotes
corresponding to the same comb line measurements shown in Fig.
2(f ) show good qualitative agreement.

The profile of this frequency noise transfer to individual comb
lines is given in Figs. 3(g) and 3(h), where we plot their frequency
noise spectra and corresponding normalized transfer functions
T(µ)( f )= S(µ)δν /(µ

2S(rf)f ), respectively. As expected for low offset
frequencies, noise power is fully multiplied by µ2, fulfilling the
requirement for the soliton to be locked to the input pulse over
the long term. Strikingly, however, above some cutoff frequency
fc ≈ 3 MHz, the transfer of noise power drops significantly at
a slope of −20 dB/decade, showing how the soliton is able to
“ignore” the fast background motion of the input pulse despite
being locked to it over the long term. Interestingly, this cutoff
frequency is of the order of 100 times lower than the linear cavity
bandwidth for this simulated Si3N4 cavity, of 100 MHz, demon-
strating that this filtering is born of the nonlinear DKS regime,
as has been observed in MgF2 crystalline microresonators [55].
Beyond this cutoff point, the transfer function begins to be domi-
nated by the response of the cavity [65], where we see a resonance
located after the cavity bandwidth at κ , and a further strong cutoff
at the cavity detuning at δω= 2π · 600 MHz. The exact nature
of these resonances is beyond the scope of this work, though the
simulated traces presented here are in excellent qualitative agree-
ment with the numerical and experimental results presented in an
independent and concurrent work by Brasch et al. [50], where the
full linear and nonlinear response is investigated in detail.

A. Optimization of Nonlinear Filtering

Returning attention to the experimental heterodyne beatnote mea-
surement at 1908 nm, we have observed an interesting effect when

the driving repetition feo is varied. Figure 4(a) shows the 1908-nm
beatnote as feo is swept from the minimum to the maximum of
the soliton locking range (0 kHz defined as the minimum). The
linewidth appears to narrow, reaching a minimum at the upper
edge of the locking range, in this case 50 kHz. To characterize
this narrowing phenomenon, we measured the frequency noise
spectrum of this beatnote using in-phase/quadrature analysis [66]
as feo is varied across the locking range, which is shown in Fig. 4(b).

Also overlaid is 2µ
√

S(rf1)f , where S(rf1)f here is the independently
measured frequency noise spectrum of the signal generator RF-1
at 14 GHz, with comb line µ= 1300, (and factor of two from
the half rep-rate driving up-scaled to 28 GHz). We further plot
the corresponding experimental transfer functions T(µ)( f ), as
before, in Fig. 4(c). As shown, the frequency noise level of the
1908-nm beatnote very closely follows the multiplied RF noise
until a certain cutoff frequency, which varies from a maximum of
2 MHz reducing to∼500 kHz at the edge of the locking range. In
excellent qualitative agreement with the simulation results in Fig.
3, the value of this corner frequency is of the order of 100 times
less than the linear cavity bandwidth, of 110 MHz, experimentally
confirming the presence of nonlinear filtering.

We next carry out numerical simulations to analyze the feo-
dependent nonlinear filtering behavior. We apply a mismatch
between the input pulse train repetition rate and the native rep-
etition rate of the soliton (d = feo − FSR). Figure 4(e) shows
the same type of result as Fig. 3(e), only now for a DKS comb
for four different values of d (manifesting as the gradient in the
comb line centers) between −50 and 50 kHz. The effect on the
comb linewidth broadening is dramatic. The simulated comb line
for µ=−1300 as d is varied between 0 and 50 kHz (maximum
of the locking range) is displayed in Fig. 4(f ), showing excellent
qualitative agreement with the experimental observation in Fig.
4(a).
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Fig. 4. Optimization of soliton-based nonlinear filtering via asynchronous driving: experiment and simulation. (a) Experimental DKS heterodyne beat-
note at 1908 nm (µ=−1300) as feo is varied over a range of 50 kHz. Beatnotes horizontally offset each by 30 MHz for clarity. (b) Corresponding mea-
sured frequency noise, plotted with the multiplied frequency noise of RF-1. (c) Experimental transfer function based on (b), with 3-dB level marked with
dashed line. (d) i–iii Conceptual soliton trapping locations on a chirped pulse background under different values of de-synchronized driving d . Arrow indi-
cates background repetition-rate mismatch, with pulse phase profile (dashed) and FC (dotted). (e) i-iv Simulated slow versus fast frequency graphs for dif-
ferent values of de-synchronization d . (f ) Slice of theµ=−1300 beatnote (1908 nm) in slow frequency for d from 0 to 50 kHz (blue). (g) Simulated noise
transfer functions for d from 0 to 50 kHz. Low-pass fit profile in colored line, original results in gray.

Our experimental and simulation results reveal that as the
repetition rate mismatch d changes, the “trapping” location of the
DKS on the driving pulse, as well as the local trapping gradient
can be significantly different. Previous studies have demonstrated
that solitons can acquire a non-zero drift across the cavity space
due to the presence of a gradient on the background driving field.
Specifically, for a purely phase-modulated background, the soli-
ton will become attracted to the peak of the phase profile [67].
Conversely, for pure amplitude variation, a soliton will become
attracted to the edge of the pulse at some critical intensity level
FC approximately equivalent to the lowest pump power that can
sustain a soliton at high detuning [49,68] (defined in Supplement
1, Section 4). In our experiment, the driving field is essentially a
mixture of both amplitude modulation (pulse driving) and phase
modulation (additional chirping). As a result, the soliton is drawn
towards an intermediate trapping location between the intensity-
based trap at the edge of the pulse, and the phase-based trap at the
peak. This trapping point will be modified by d , which acts as an
effective force [69]. For a DKS to continue to sustain itself, it must
follow the pulse at its own shifted repetition rate, so that

2πd +
∂φS

∂t
= 0, (1)

where φS is the angular coordinate of the soliton inside the res-
onator. If d is non-zero, the soliton must move to a different
location to acquire a shifted repetition rate, due the gradient in
background phase and/or intensity [67,68]. Figure 4(d) illustrates
these situations from (i) to (iii), where d < 0, d = 0, and d > 0.
The soliton is initially positioned on the left, leading edge of the

pulse. In Fig. 4(d-i), the mismatch d and the intensity-based trap-
ping force have combined to shift the soliton to the very left edge of
the pulse. In (d-ii), the soliton is located at its intermediate trapping
point, which is symmetrical with the pulse. In (d-iii), the mismatch
d adds to the phase-based trapping force, causing the soliton to
move closer to the peak. The observed change in the noise transfer
bandwidth with varied d can be understood intuitively as being due
to the local trapping gradient [68] that gradually decreases from
the edge of the pulse to the center. Analogous to atoms/particles
trapped by optical potential wells [70], a DKS trapped at a location
closer to the input pulse center is subject to a shallower potential
gradient, thus becoming more “free running” and less affected by
the noise contained in the driving field. For Fig. 4(e-i) where the
soliton is being “pulled” on the edge of the pulse, the broadening is
maximized. For (e-iv), where the soliton is instead being “pushed”
near the peak of the pulse, it has almost reduced to zero. The
reduced noise transfer effect is well reproduced by our simulation,
as shown in Fig. 4(g). As d increases, the DKS gets closer to the
pulse center. Consequently, the cutoff frequency of the noise trans-
fer function decreases, showing remarkable qualitative agreement
with the experimental measurement in Fig. 4(c).

The hypothetical carrier–envelope offset fceo beatnote mea-
surement of this microcomb would carry a further factor of ∼5
increase in the frequency noise level. To mitigate this, a future
pulse-driven experiment may involve the use of a shaped “flattop”
pulse with a shallow depression in the center. Such a centrally
inverted profile would allow the DKS to find itself trapped in
a shallow basin inside the pulse envelope transferring minimal

https://doi.org/10.6084/m9.figshare.14428871
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input pulse jitter, yet maintaining very long-term stability. See
Supplement 1 (Section 5) for this outlook simulation.

4. SUMMARY

Using the nonlinear, dispersion-engineered Si3N4 microresonator
platform, we have generated a smooth, resonant supercontinuum
based on dissipative soliton formation, comprising over 2000
comb teeth. By exploiting the resonant enhancement of the high-
Q cavity, such a spectrum was generated with pulses 1–6 pJ in
energy, >1 ps in duration, and of the order of single-Watt peak
power. For future integration, the current EO-comb input could
be replaced by an alternative provider of gigahertz rate, picosecond
pulses, such as chip-based silicon or other semiconductor-based
mode-locked lasers [71,72]. Further tailoring of the dispersion
landscape [30,73] and replacing the straight-waveguide coupling
section with an adiabatic or curved coupling section [74,75] will
improve the generation and extraction of the short-wavelength
side of the spectrum. This way, the soliton comb bandwidth can
be increased from two-thirds of an octave to a full octave, enabling
f − 2 f self-referencing. This work further invites a full explo-
ration of the parameter space for input pulse chirp and flatness
parameters to find further optimization of the frequency noise
transfer, allowing the use of higher-noise voltage-controlled oscil-
lators for locking the input pulse repetition rate. Overall, this
work demonstrates a new chip-based technique for direct access
to broadband spectra at microwave repetition rates using a pulsed
input, without the use of interleaving, or additional EO modula-
tion after the fact. Importantly, it can provide a way of balancing
the fundamental efficiency restrictions between conventional SCG
and dissipative soliton microcombs.
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