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In this supplementary material, we provide detailed information on the comb laser design, characterization,
data processing, and theoretical modeling.

I. LN DEVICE CHARACTERIZATION

Our LN PIC is based on a directly etched waveguide struc-
ture depicted in Fig. S.1a, with LN layer thickness of 600 nm.
The CE comb laser and the FP comb laser have slightly dif-
ferent etching depths for dispersion management (300 nm for
the CE comb laser, and 350 nm for the FP comb laser). Due
to the difficulty of measuring the separate properties of each
component within the CE comb laser cavity, we fabricated and
tested the individual components such as racetrack resonators
and Sagnac mirrors on the same wafer using identical fabrica-
tion parameters.

In this section, we will introduce the detailed device ge-
ometry and characterize the passive properties of the individ-
ual components, which include the optical Q of racetrack res-
onators, the reflection spectrum of Sagnac mirror, the disper-
sion of racetrack resonator and that of the main laser cavities.
All the measurements are done in the telecom band.

A. Racetrack resonator

Here, we show the measurement results of the racetrack res-
onator for two different CE comb laser devices α and β . The
device α with a racetrack waveguide wide of 1.6 µm is used
for the results shown in Fig. 2, Fig. 4, and Fig. 5 in the main
text. Another device β with a waveguide wide of 1.5 µm is
shown as a comparison which will be further investigated in
the following section.

We individually tested the transmission of the racetrack
resonators with an external telecom tunable laser. The first
parameter to characterize is the optical Q of the racetracks.
Measuring the transmission trace of a critical coupled race-
track resonator with a width of 1.6 µm, we obtained an in-
trinsic Q of 1.6 million as shown in Fig. S.1b. Optical Q at
a similar level is obtained for the 1.5-µm racetrack β . We
then characterized the dispersion of the racetrack resonators
by measuring the cavity resonance frequency ωµ within a
wavelength range from 1500 nm to 1600 nm, around the refer-
ence frequency ω0 that corresponds to the wavelength at 1550
nm [1, 2]. The cavity resonance frequency follows the re-
lationship, ωµ = ω0 + µD1 +

1
2 µ2D2 +

1
6 µ3D3 + · · · , where
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D1/(2π) is the FSR around ω0 and D2 is related to the group
velocity dispersion (GVD) parameter β2 as D2 = − c

n D2
1β2.

Figure S.1c and d shows the experimentally recorded ∆ωµ =
ωµ − ω0 for Device α and β respectively, from which we
obtained β2 = −0.02 ps2/m for the 1.6-µm racetrack α and
β2 =−0.01 ps2/m for the 1.5-µm racetrack β .

B. Sagnac mirror

The schematic of the adiabatically coupled Sagnac mirror
is depicted in Fig. S.1e. We adopt different Sagnac mirror
designs for different comb laser devices based on the disper-
sion and reflectance requirements. A typical Sagnac mirror
used for the CE comb laser in the main text has a long adia-
batic coupling section[3] (L = 600 µm), with 300-nm etch-
ing depth, 0.8-µm width W and 0.3-µm gap between the
waveguide. An adiabatic smooth transition to the waveguide
of W± dW = 0.9/0.7µm is designed to be the coupling re-
gion. This adiabatic transition at the coupling region enables
a broadband 50%:50% power splitting for the coupler and
near 100% broadband reflection for the Sagnac loop mirror.
To test the device, we butt-coupled light into a stand-alone
Sagnac mirror and measured its reflection spectrum which is
shown in Fig. S.1f. The recorded reflection spectrum shows
strong oscillation which simply results from the Fabry-Perot-
type resonance formed between the waveguide input facet and
the Sagnac mirror. The consistently high and uniform ex-
tinction ratio serves as a compelling evidence of the Sagnac
mirror’s broadband high reflection. The gradual wavelength
dependence of the spectrum amplitude is due to factors re-
lated to testing, such as wavelength-dependence of the input
optical power, slightly dispersive reflection, and the limited
bandwidth of optical circulator.

C. Laser cavity

Dispersion of the comb laser cavity matters for comb gen-
eration, especially for the FP comb laser. The average dis-
persion of Sagnac mirror together with bus waveguides and
RSOA is designed to be near zero. The near-zero dispersion
facilitates comb generation through both EO modulation and
FWM. This can also be characterized by measuring the FSR
of resonances from the reflected oscillating spectrum. The fit-
ting curve of ∆ωµ is shown in Fig. S.1g, for the FP comb laser
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FIG. S.1. Individual components in the comb lasers and their passive performance. a, Schematic for the cross-section of the LN waveguide.
b, Transmission curve of racetrack resonator with a width of 1.6 µm, critically coupled with a single bus waveguide. The dashed grey fitting
curve corresponds to an intrinsic Q of 1.6 million. c and d, Mode dispersion curve versus the relative mode number, µ , for TE00 mode of
resonator α and β . The red circles show the ∆ωµ of each mode and the blue curves show the parabolic fittings. The GVD β2 are fitted to be
−0.02 ps2/m for 1.6-µm-wide racetrack α in c, and −0.01 ps2/m for 1.5-µm-wide racetrack β in d. e, Schematic of the adiabatic Sagnac loop
mirror. f, Reflection spectrum from loop mirror measurement. g, Mode dispersion curve for the TE00 mode of total FP laser cavity, showing a
β2 of −0.003 ps2/m.

device used in the main text. Due to the larger linewidth of the
FP cavity resonance, slightly larger fluctuation is observed on
the spectrum. Nevertheless, the averaged dispersion param-
eter β2 is characterized to be −0.003 ps2/m, a value that is
close to zero.

On the other hand, CE comb lasers contain two cavities,
the racetrack resonator, and the main laser cavity, the former
of which dominates the comb generation process, with disper-
sion characterized in the previous section. We also minimize
the average dispersion of the main laser cavity by designing
the Sagnac mirror, and bus waveguides.

II. LASER PERFORMANCE ANALYSIS

In this section, we provide additional information regard-
ing the performance of the comb lasers. We will show first
alternate comb states, followed by two different CE comb
lasers’ behavior under varying RF driving signals. Then we
will show the comb laser device working at a passive mode-
locking state, with no EO driving. Furthermore, this section
will incorporate details not addressed in the main text, includ-
ing the linewidth measurements of comb and the approach
adopted for comb tuning and data processing.

A. Performance of different comb lasers

The typical comb lasing states of device α are demonstrated
in Fig.2 of the main text (marked as α). We also designed an-
other comb laser (marked as β ) with different dispersion and
tested its comb lasing performance. The design differences
between these two devices have been elaborated in the previ-
ous section.

We show here the performance of the device β with an FSR
of 43.90 GHz. The comb outputs from the two different de-
vices differ in the spectrum: Laser α features a comb output
with two sidelobes; while Laser β has a single envelope with
a sech2 shape. As can be seen from Fig. S.2a, the sech2 comb
has a bandwidth of 7 nm. The spectrum of the comb-line beat-
ing note given in Fig. S.2b shows a clear single beating tone
at 43.9 GHz with no extra tone or DC noise, showcasing the
clear phase locking. These findings align well with the theo-
retical prediction, which will be discussed in Fig. S.9 of the
following section. Noticeably, half-harmonic RF line doesn’t
appear in this case which indicates that it may relate to the
unknown dynamics in Laser α .

B. Reconfiguration of comb lasers

To further investigate the dynamics and performance, and
to show the reconfigurability of the comb laser, we tested the
performance of CE comb laser α and β under different RF
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FIG. S.2. Optical comb generated from Laser β . a, Optical spectrum
of the generated comb, The blue comb spectrum is fitted with red
sech2 curve. b, Electrical spectrum of the beat note detected from
the comb laser output, with single tone at one FSR. DC background
or half-harmonic tone is not observed in the spectrum.

driving signals. The optical bandwidths and mode-lock states
can be adjusted with different electrical inputs. With the CE
comb laser device α shown in the main text, we fixed the cur-
rent at 270 mA and measured the optical spectra of the comb
at different driving RF powers and RF frequencies. As evi-
dent from Fig. S.3b-c, increasing the power of the RF driving
signal leads to an expansion of the comb spectrum and a cor-
responding rise in output power. Of particular interest is that
when the driving current is held constant, the RF driving and
comb bandwidth influence not only the comb power of the
laser but also the output of RSOA itself. Such an intriguing
enhancement effect accounts partially for the high wall-plug
efficiency we mentioned in the main text.

The repetition rate and comb FSR can be slightly tuned by
varying the driving frequency. To quantitatively character-
ize this effect, we examined Laser α output spectrum versus
the driving frequency deviation from the racetrack resonator’s
FSR. An increase in the detuning of the driving RF frequency
from the resonator FSR leads to a reduction in output comb
bandwidth, as evident in Fig. S.3e. Specifically for Laser α ,
greatly increased detuning alters the comb shape from two
sidelobes to a single lobe.

The reconfigurability of the comb laser is further verified
with the other CE comb laser β . Although the two devices dif-
fer in design, and thus different dispersion and comb shapes,
they exhibit consistent trends in response to the changes in
the RF driving power and frequency. The consistencies are
proved by Fig. S.3f-h and Fig. S.3i-j, for RF power and fre-
quency, respectively.

Sharing the similar comb evolution behavior with driving

RF signals change, the two laser devices are still drastically
different in the comb spectra. The varied dispersion and cav-
ity roundtrips may be the primary contributors to the differ-
ent comb generation in Fig. S.3. In Laser β , we notice the
comb output spectra are more localized with narrower spec-
tra bandwidths, while the comb spectral envelopes of Laser
α tend to shift around with different RF drivings. One possi-
ble explanation is that better group delay matching is achieved
between the racetrack resonator and main laser cavity for de-
vice α , which allows for the formation of a broader range of
comb lines at different wavelengths. However, the details of
the mechanism behind require further study.

C. Passive mode locking

The comb laser is also able to operate without the EO
driving or initiation in which the Kerr-based FWM serves as
the mode-locking mechanism. With another CE comb laser
(marked as γ) which has a racetrack resonator with lower cou-
pling loss and higher loaded Q, we observed such passive
mode locking as shown in Fig. S.4. Despite a narrower band-
width than that shown in Fig. S.2, the comb spectrum also fea-
tures a sech2 spectral shape as shown by the fitted red curve.
The comb state also exhibits a clean electrical comb-line beat-
ing tone and time-domain pulses measured by autocorrelation
(not shown), as an indication of phase-locking. The spectral
bandwidth of the passive mode-locked comb is mainly limited
by the RSOA output power and the roundtrip mismatch issue
we described in the discussion section of the main text.

D. Spectrum of the comb-line beat note around the DC region

In the main text, we have shown the comprehensive spec-
trum of the comb-line beating node over a broad bandwidth
for the comb produced by the CE comb laser α . Here, we
present a detailed view of this spectrum, for the frequency re-
gion from DC to 1 GHz. For comparison, we also include
in Fig. S.5 both spectra of the background noise originating
from the photodetector and of the single-mode lasing state.
Remarkably, these three curves exhibit a complete overlap.
The low noise around the DC region serves as a compelling
evidence of effective phase locking that exists among all the
comb lines.

E. Comb linewidth measurement

The linewidth measurement is performed using the sub-
coherent length self-heterodyne method [4–6]. The setup is
shown in Fig. S.6, in which a balanced PD is used for sup-
pressing the detectors’ common noise. We use an AOM to
frequency shift the whole comb by 55 MHz and heterodyne
the comb with itself after sub-coherent delay. Since the delay
length is less than the coherent length, the heterodyned opti-
cal signals are not entirely independent. The phase noise and
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FIG. S.3. Reconfiguration of CE comb lasers. Comb spectra at different RF powers and frequencies are demonstrated, for device α (FSR=39.58
GHz) in a-e and for device β (FSR= 43.90 GHz) in f-j. a-c, Performances of Laser α with 39.58 GHz RF driving but different RF powers:
a, Input RF driving power; b, Normalized comb output spectra; c, Output optical power, growing with increased RF input. d-e, Performances
of Laser α with 20 dBm RF driving at different frequencies: d, Input RF driving frequency; e, Normalized comb output spectra at different
driving frequencies, bandwidth maximizes at one FSR. f-h, Performances of Laser β with 43.90 GHz RF driving but different RF powers: f,
Input RF driving power; g, Normalized comb output spectra; h, Output optical power with increased RF input, growing with increased RF
driving and saturating at 6mW. i-j, Performances of Laser β with 20 dBm RF driving at different frequencies: i, Input RF driving frequency;
j, Normalized comb output spectra at different driving frequencies, bandwidth maximizes at one FSR.
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FIG. S.4. Optical comb generated from passive mode locking in CE
comb laser, with no EO modulation applied. The blue comb spec-
trum is fitted with red sech2 curve.

linewidth are recovered by the following relation:

Sφ ( f ) = S∆φ ( f ) · 1
4sin2(π f τ)

=
δν

π f 2 , (S.1)
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FIG. S.5. Zoom-in Electrical spectrum of the CE comb laser output
beating signal, ranging from DC to 1 GHz.

where Sφ is the phase noise of the comb laser, S∆φ is the phase
noise measured from the sub-coherent heterodyne measure-
ment, and δν is the Lorentzian linewidth. We performed the
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FIG. S.6. Experimental setup for measuring the linewidth of the
comb. Sub-coherent length self-heterodyne method is used. The fre-
quency is shifted by 55 MHz with an AOM , and single-mode fiber
delays with 30 meter are used for heterodyne. AOM: acoustic opti-
cal modulator; OSA: optical spectrum analyzer; PD: photo-detector;
ESA: electrical spectrum analyzer; PNA: phase noise analyzer.

measurement with different delays from single-mode fibers
with different lengths of 17 m, 30 m, and 1 km, and obtained
the same intrinsic linewidth. The results shown in the main
text are measured with a 30-m delay fiber.

Noticeably, the measured linewidth represents the overall
linewidth contributed from the entire comb, which indicates
the upper limit of the intrinsic linewidth, as the entire comb
is self-heterodyned without any filtering. We employ this
method to more effectively showcase the overall coherence of
the comb and to further substantiate the phase-locking among
all comb lines.

F. Fast frequency tuning of comb

In the experiment of high-speed comb frequency tuning de-
scribed in the main text, the comb frequency modulation was
measured by recording the temporal waveform of a beating
signal between the comb and an external single-frequency CW
laser near 1582 nm (see Fig. S.7). The external laser is tunable
to control the beating node frequency, which was chosen to be
15 GHz as the carrier frequency in the experiment. When the
triangular driving signal is turned off, the beating signal ap-
pears as a sinusoidal temporal waveform with a constant fre-
quency of 15 GHz, similar to the trace in Fig. 2h of the main
text. The triangular driving signal introduces chirping to the
beating signal. We recorded the real-time beating signal and
retrieved the time-frequency spectrum through the short-time
Fourier transform (STFT). The results are shown in Fig. 4b-d
of the main text.

The time-frequency spectra exhibit certain distortions on its
time-dependent waveforms, which primarily arise from two
factors. First, the waveform of the driving electric signal is
distorted by some extent from an ideal triangular waveform,
due to the limited bandwidth of the RF amplifier used to boost
its amplitude, as evident on the dashed curves in Fig. 4b-d of
the main text. This part of waveform distortion is transferred
directly to the comb frequency tuning waveform. Second, the
time window used in the STFT introduces rounding and dis-
tortion particularly around the transition regions between fre-
quency up-chirping and down-chirping. On the other hand,
the time-frequency spectra also exhibit certain blurring on the

OSA

ESA

OSC

PDRSOA

IRSOA 

AWGRF Source

CW Laser
PC

FIG. S.7. Experimental setup for the comb tuning experiment. An ar-
bitrary waveform generator (AWG) is used for modulating the comb
laser. The comb output is beaten with an external CW laser at
1582 nm, and the real-time beating signal from PD is recorded by
the OSC. Comb tuning is recovered from the post-processing of the
beating signal. PC: polarization controller; OSC: real-time oscillo-
scope

waveform particuarly at a high modulation speed, which is
simply due to the limited time window used for STFT.

To determine the waveform deviation between the driv-
ing electrical signal and the comb frequency tuning, we
find the spectral peak of a time-frequency spectrum at every
time point, which forms the time-dependent frequency tuning
curve of the comb. We compare it with the recorded time-
dependent waveform of the driving electrical signal. For a fair
comparison, rounding effect due to the limited time window
is taken into account for the waveform of the driving electric
signal. By comparing the two curves, we obtained the wave-
form deviation curve shown in the lower panels of Fig. 4b-d
of the main text.

III. THEORETICAL MODELING

In the main text, we provide a comprehensive description of
the design and experimental implementation. Here, we em-
ploy a simplified model to elucidate the underlying physical
mechanisms of the comb laser operation. Fig. S.8 provides
the simplified schematics of the comb laser systems, includ-
ing a conceptual overview of the key components for both the
cavity-enhanced (CE) and Fabry-Perot (FP) comb lasers. In
this section, we will delve into the system dynamics and aim
to substantiate the experimental findings through mathemati-
cal analysis and numerical simulations.

A. Dynamics of comb laser

The comb lasing dynamics involves EO modulation and
FWM process inside the laser cavity. Here we analyze the
cavity-enhanced comb laser as an example. The FP comb
laser can be analyzed using a similar approach by remov-
ing corresponding terms. The physical configuration of the
cavity-enhanced laser is shown in Fig. S.8a, highlighting its
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three primary components: the RSOA, the resonator, and
the Sagnac mirror. The electrodes at the resonator adopt a
Ground-Signal-Signal-Ground (GSSG) configuration and are
modulating at one FSR of the racetrack, thereby introducing
the coupling between adjacent resonant modes.

G S G

RSOA

Sagnac
Mirror

b

A±in

A-

A+

A±outa

RSOA

Sagnac
Mirror

A±

A±

G SS

FIG. S.8. Device schematics. a, Cavity-enhanced CE comb laser
device consists of RSOA, EO modulated resonator, and broad-band
Sagnac mirror. The optical field of the resonator and the lower/upper
bus waveguide are represented by A, Ain and Aout respectively. b,
FP comb laser device, the laser cavity only includes RSOA, phase-
shifting waveguide section, and Sagnac mirror. The optical field in-
side the laser is represented by A.

To quantitatively analyze the dynamics, we use a model
similar to the nonlinear Shrödinger equation (NLS) and the
Lugiato–Lefever equation (LLE) and try to study the dynam-
ics majorly in the time domain for the intracavity waveform
of the racetrack resonator. We first consider the combined ef-
fect of Kerr and laser gain, and the EO modulation will be
included next as an extra term for the modified LLE. The op-
tical field at the resonator and the two bus waveguides can be
written in A±, A±in and A±out as shown in Fig. S.8a, where
”+” corresponds to the counter-clockwise (CCW) wave and
”-” represents the clockwise (CW) wave. Considering that
the Sagnac mirror has high flat reflectance, the CW wave and
CCW wave have no nonlinear interaction inside the cavity, we
can assume that the CW wave and CCW wave are identical ex-
cept for fixed-length beam propagation. Also, since the power
inside the racetrack resonator is significantly higher than the
main laser cavity, we simplify the model by neglecting the
nonlinearity of the main laser cavity. Besides, we combine the
nonlinear process of CCW and CW resonant modes and only
study them in one direction. Symmetric coupling conditions
(θ = θ1 = θ2) for the different bus waveguides to resonator
coupling are also assumed in this analysis. As the optical field
of the CW direction remains identical to that of the CCW di-
rection plus beam propagation, we only study A+ in the CCW

direction and rewrite it as A, with the following relations:

tR
∂A(t,τ)

∂ t
=
[
−α − iδ0 + iL ∑

k≥2

βk

k!
(i

∂

∂τ
)k + iγL|A|2

]
A

+
√

θAin, (S.2)

Ain(t,τ) =GR · (1+ iLl ∑
k≥2

βkl

k!
(i

∂

∂τ
)k) ·A(t,τ − tRl),

(S.3)

GR =e−αl ·θ 2 ·R(ω) · gm(ω)

1+ |Ā|2/|Asat |2
. (S.4)

The physical process can be broken down into three equa-
tions. The Eq. S.2 is the LLE equation of the racetrack
resonator[7]. Here, A is the optical field inside the race-
track such that |A|2 is normalized to optical power, and Ain
is the optical field inside the bus waveguide as the input for
the resonator. The detuning δ0 is zeroed when the racetrack
resonator central mode matches with the main laser cavity.
The optical field change in the bus waveguide per main laser
cavity roundtrip is discussed in Eq. S.3 and Eq. S.4. For the
bus waveguide of main laser cavity, the light coupled into and
out of the racetrack twice per roundtrip, reflected once by the
Sagnac mirror and amplified once by the RSOA, all of these
beam propagation processes are written together as roundtrip
gain GR in the Eq. S.3. Meanwhile, the dispersion of beam
propagation of the bus waveguide is also included as the term
iLl ∑k≥2

βkl
k! (i

∂

∂τ
)k. The roundtrip gain GR, on the other hand,

is discussed by Eq. S.4, and is related to loss, reflectance, and
saturated RSOA gain.

In these equations, tR and tRl is the roundtrip time of the
racetrack resonator and the laser main cavity, L and Ll is the
normlized cavity length of the racetrack and the laser main
cavity. α = α0/2+θ1/2+θ2/2 is the total loss (where α0 is
the intrinsic absorption coefficient and θ is the coupling co-
efficient between the resonator and the two bus waveguide),
αl is the loss of the laser main cavity. βk and βkl is the aver-
aged kth order dispersion coefficient of the resonator and laser
main cavity, γ = n2ω0

cAeff
is the nonlinear coefficient from Kerr

effect. GR denotes the roundtrip gain of the laser, where R is
the reflectance of the Sagnac mirror and RSOA, gm and Asat
here are the small signal gain and the saturated optical field
of RSOA. The wavelength dependency of gain gm(ω) and re-
flection R(ω) are addressed as function, but the time response
of RSOA is considered to be instantaneous in this simplified
model.

The above equations cover the dynamics for passive mode
locking and here we include EO modulation as a fast time-
dependent phase modulation. When EO modulation occurs at
the k-th order of the racetrack resonator’s FSR, the modified
LLE equation Eq. S.2 for comb laser can be re-write as the
following:

tR
∂A(t,τ)

∂ t
=
[
−α − iδ0 + iL ∑

k≥2

βk

k!
(i

∂

∂τ
)k + iγL|A|2+

iηEOE0cos(
2kπτ

tR
)
]
A+

√
θAin,

(S.5)
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FIG. S.9. Simulation result for the turning-on process of a CE comb laser. The gain is turned on at time zero, with a constant EO driving
frequency of one FSR. a, Time-dependent spectrum evolution of the comb self-starting process. b, Final spectrum of the lasing soliton comb.
c, Time-dependent intra-cavity power evolution of the comb self-starting process. d, Final time domain pulse shape of the lasing soliton.

where ηEO is the EO coefficient and E0 is the electrical field
strength, the combination of which forms the non-dimensional
phase change. A simple model of cosine phase oscillation is
used here to represent the EO modulation. After introducing
the EO effect, the Eq. S.5, Eq. S.4 and Eq. S.3 form a complete
set for the theoretical description of the CE comb laser.

B. Simulation of comb laser self-starting

With the above theoretical model, the numerical simulation
can be run using the split-step Fourier method. As can be seen
in the Fig. S.9. The figure shows the activation process of the
laser with a constant EO driving signal of one FSR applied
on the electrodes. The comb laser used in this simulation has
an intrinsic optical Q of 1.5 million, coupling Q of 3 million,
β2 of the resonator and β2l of the main laser cavity are -0.02
ps2/m and 0.05 ps2/m, respectively. The main laser cavity
optical path is exactly 3 times the racetrack resonator’s.

As can be seen in Fig. S.9a and c, when the laser gain is
turned on, a chaotic comb is started at first but quickly set-
tled to a stable state, which ends at the soliton states shown
by Fig. S.9b and d, with the noises greatly suppressed. From
the power diagram, the laser power first climbs up and rings
after turning on and quickly stabilizes to a constant value. The
spectrum of the final stable single soliton state features a sech2

shape with a bandwidth around 20 nm, as shown in Fig. S.9b.
Such a shape is similar to the testing results of Laser β in the
previous section. The corresponding time domain pulse shape
in Fig. S.9d is also consistent with the autocorrelation trace
obtained experimentally. It’s particularly noteworthy that, un-
like the Continuous Wave (CW) pumped frequency comb that
features a central residual comb line, the lased soliton comb in
this system exhibits no CW background. This characteristic is
evident in Fig. S.9b and d and aligns well with the experimen-
tal results presented in the main text. The soliton comb ex-
tracts all of its energy directly from the RSOA, thereby maxi-
mizing conversion efficiency.
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FIG. S.10. Simulation result for another example of turning on a CE comb laser, with stronger RSOA gain and significantly wider spectrum.
a, Time-dependent spectrum evolution of the comb self-starting process. b, Final spectrum of the lasing soliton comb. c, Time-dependent
intra-cavity power evolution of the comb self-starting process. d, Final time domain pulse shape of the lasing soliton.

Changing the RSOA gain or the maximum optical power
output of RSOA, and fixing the EO driving, we can find an-
other state of the CE comb laser output which features a sig-
nificantly wider bandwidth. With increased optical power, the
FWM expands the comb greatly, and the optical bandwidth
of the comb increases to 150 nm in Fig. S.10b, leading to a
shorter time domain pulse in Fig. S.10d. The time domain
pulse shape also has a clean background and high extinction
ratio, which is fundamentally different from normal Kerr cav-
ity soliton. Changing the optical power, we are also able to
control the bandwidth of the output spectrum in the simula-
tion just like the example in Fig. 5 of the main text, and all
the initiation processes stay robust. Additionally, this suggests
that enhanced coupling, increased RSOA strength, and refined
roundtrip time control could extend the optical bandwidth of
the comb laser far beyond the current limit.
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FIG. S.11. Simulation result for CE comb laser, with constant strong
EO driving frequency at one FSR but low RSOA output power to
suppress the FWM process. a, The final spectrum of the lasing EO
comb. b, The final time domain pulse shape of the lasing EO comb.
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C. EO comb lasing

The lasing comb also differs from the pure EO comb[8]
drastically. EO modulation creates correlations between
different laser modes to start multimode lasing which in turn
serves as a means to initiate and lock the comb lasing, instead
of directly distributing power from the center line. To better
demonstrate this, we decrease the RSOA output power to a
negligible level (no FWM) but increase the EO modulation

power to form a lased EO comb as shown in Fig. S.11. Due to
the low optical power, FWM barely participates in the process
and the spectrum of the EO comb features a special shape
shown in Fig. S.11a, with the corresponding pulse shape in
Fig. S.11b. This EO comb laser resembles the traditional
active mode-lock laser, where only EO modulation serves as
the locking mechanism.
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