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Abstract 

 

The recent discovery of dissipative Kerr solitons in microresonators has facilitated the 

development of fully coherent, chip-scale frequency combs. In addition, dark soliton pulses 

have been observed in microresonators in the normal dispersion regime. Here, we report bound 

states of mutually trapped dark-bright soliton pairs in a microresonator. The soliton pairs are 

generated seeding two modes with opposite dispersion but with similar group velocities. One 

laser operating in the anomalous dispersion regime generates a bright soliton microcomb, while 

the other laser in the normal dispersion regime creates a dark soliton via Kerr-induced cross-

phase modulation with the bright soliton. Numerical simulations agree well with experimental 

results and reveal a novel mechanism to generate dark soliton pulses. The trapping of dark and 

bright solitons can lead to light states with the intriguing property of constant output power 

while spectrally resembling a frequency comb. These results can be of interest for 

telecommunication systems, frequency comb applications, ultrafast optics and soliton states in 

atomic physics. 

 

 

Introduction 

Microresonator-based frequency combs generated in monolithic high-Q microresonators have 

attracted significant research interest since initial demonstration in 2007 (1). In particular their 

small footprint and the possibility of chip-scale integration enables a large number of 

applications (2–4). Recently, the discovery of dissipative Kerr solitons in microresonators has 

been demonstrated as a source for low-noise and broadband frequency combs (5, 6). Rich 

nonlinear dynamics in microresonators has been revealed in the past decade, including breather 

solitons (7, 8), soliton crystals (9, 10), Stokes solitons (11), Pockels solitons (12), laser cavity 

solitons (13), and dark solitons (14, 15). In terms of applications, soliton microcombs have 

already been successfully used for optical frequency synthesizers (16), astronomy (17, 18), 

optical coherent communications (19, 20), laser-based light detection and ranging (21–23), and 

dual-comb spectroscopy (24, 25), just to name a few. 

Group velocity dispersion of microresonators plays a critical role in microcomb formation. 

Bright soliton generation in microresonators requires anomalous dispersion at the pump 

wavelengths while dark solitons can be observed when pumping in the normal dispersion 
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regime. Recent research theoretically predicted the coexistence of bright and dark solitons in 

the regimes of normal (26), zero (27), and anomalous dispersion (28), when taking account of 

higher-order dispersion (third- and fourth-order). In addition, bichromatic pumping of 

microresonators at similar wavelengths has been studied for microcomb generation with the 

benefits of a thresholdless pump intensity and stabilization of the frequency comb repetition 

rate (29–34). More recently, bichromatic pumping has been demonstrated for the generation of 

dual orthogonally polarized microcombs (35, 36) and spectral extension and synchronization 

of microcombs (37).  

Dark-bright soliton pairs have been demonstrated in mode-locked lasers (38, 39), however, 

there are no reports of their generation in microresonators. Here, we propose and 

experimentally demonstrate the generation of dark-bright soliton pairs in a single 

microresonator via bichromatic pumping, as illustrated in Fig.1. Two seed lasers at different 

wavelengths jointly pump a microresonator. One laser (λ1, red) in the anomalous dispersion 

regime (referred to as primary pump) is used to generate a bright soliton microcomb. By 

exciting an optical mode in the normal dispersion regime, the second laser (λ2, blue, referred 

to as auxiliary pump) passively forms dark soliton pulses through Kerr-induced cross-phase 

modulation (XPM) with the bright soliton. The dark soliton is trapped by the bright soliton in 

the time domain, resulting in a co-propagating pair of bright and dark solitons that are 

simultaneously emitted from the microresonator. A prerequisite for the generation of dark-

bright soliton pairs is a similar free spectral range (FSR) in the spectral regions of both pump 

lasers. Numerical simulations agree excellently with experimental results and reveal a novel 

mechanism to generate dark soliton pulses. To the best of our knowledge, this is the first 

demonstration of simultaneous generation and trapping of bright and dark cavity solitons in 

passive resonators. The demonstrated technique could be useful for optical signal processing, 

future optical telecommunication (40) and atomic physics (41). 

 

 
 

Fig. 1. Scheme for dark-bright soliton pair generation in a microresonator with 

bichromatic pumping. One seed laser (λ1, red) operates in the anomalous dispersion 

regime, generating a bright soliton microcomb, while a second laser (λ2, blue) excites a 

dark soliton in the normal dispersion regime. Both lasers operate in spectral regions with 

similar free spectral ranges. The dark soliton is synchronized with the bright soliton in 

the time domain, mediated by cross-phase modulation. Inset: Scanning electron 

microscope image of a silica microtoroid resonator used in the experiments.  

 

 



Dispersion of a microresonator 

Considering a passive whispering gallery mode resonator made of a dispersive medium with 

Kerr nonlinearity, the resonance frequencies of a mode family can be described as   
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where μ is the mode number offset from the pump mode at μ = 0. *,μ is the resonance frequency 

of that mode, ‘*’ refers to either the primary (‘p’) or auxiliary (‘a’) mode family, D*,1/2π is the 

FSR of the resonator at the primary (Dp,1/2π) or auxiliary (Da,1/2π) pump mode (μ = 0), and 

D*,2, D*,3 are coefficients of second- and third-order dispersion, respectively. Here, the two 

microresonator modes for the primary and auxiliary pumps can be either from the same mode 

family or different mode families (37). Figure 2A shows the normalized FSR mismatch  

γ(μ) = (Da,1-Dp,1(μ))/0 (blue curve) as a function of the mode number μ. The FSR mismatch 

γ(μ) is normalized to the full-width at half-maximum (FWHM) of the resonance 0. 

Microresonators typically exhibit different dispersion over a broad spectral range. For example, 

silica microresonators exhibit normal dispersion (FSR decreases with optical frequency) at 

short wavelengths and anomalous dispersion (FSR increases with optical frequency) at long 

wavelengths. As a result, finding two optical modes of a microresonator at different 

wavelengths, and in opposite dispersion regimes with a similar FSR is actually feasible. The 

simulation (blue curve) plotted in Fig. 2A shows γ(μ) crossing zero when the relative mode 

number is around -8 (γ ≈ -0.02 for μ = -8). Thus, the group velocity of the primary pump mode 

at μ = -8 is almost identical to that for the auxiliary pump mode.  

Numerical simulations of dark-bright soliton pairs 

Here, we perform numerical simulations based on two simultaneous, generalized Lugiato-

Lefever equations (LLEs) (42–44), with additional XPM terms allowing interaction between 

primary and auxiliary fields, and considering the group velocity mismatch between the primary 

and auxiliary pump modes (35–37): 
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where τ is the slow time, normalized to twice the photon lifetime (τph) and θ is the azimuthal 

angle in a frame co-rotating at the average of the primary and auxiliary group velocities. ψp(θ,τ), 

ψa(θ,τ) are the intracavity primary and auxiliary field envelopes, respectively. αp and αa are the 

frequency detunings of the primary and auxiliary pump lasers with respect to their respective 

resonance frequencies and both normalized to half of 0. σ is the XPM coefficient (2/3 for 

orthogonal polarization and 2 for the same polarization assuming perfect spatial mode overlap, 

otherwise less). p,n, a,n are the nth-order dimensionless dispersion coefficients at the primary 

pump mode, normalized as p,n = - 2Dp,n/0, a,n = -2Da,n/0. γ is the normalized group 

velocity mismatch between the primary and auxiliary pump modes. Fp, Fa are the 

dimensionless external pump amplitudes. The LLE simulations are performed numerically 

using the split-step Fourier method. From Fig. 2A, the primary pump mode is selected at  

μ = -8 to match the group velocity of the auxiliary mode. In the simulations, the auxiliary pump 



mode is fixed, and its dispersion parameters are a,2 = 0.2032 and a,3 = 0.0022. For the 

simulations in Fig. 2, the dispersion parameters of the primary pump mode are p,2 = - 0.1190, 

p,3  = 0.0023, and γ = -0.02. The external pumping amplitudes for all of the simulations are 

|Fa|
2 = 9, |Fp|

2 = 12, and σ = 1.5. 

 
 

Fig. 2. Numerical simulation of dark-bright soliton pair generation in a 

microresonator. (A) Normalized group velocity mismatch γ(μ) (blue, solid line) 

between the auxiliary pump mode and the primary modes as a function of the mode 

number μ. (B) Temporal waveform evolution of the primary bright soliton (upper panel) 

and auxiliary dark soliton (lower panel) when the primary laser seeds an optical mode at 

μ = -8 (where the FSR matches the FSR around the auxiliary mode). τph: photon lifetime; 

tr: roundtrip time. |ψa|
2 and |ψp|

2 are the corresponding intracavity powers. (C) Temporal 

waveforms of a bright soliton (red, left axis) and its induced dark soliton (blue, right axis) 

at the position marked with the red dashed arrow in (B). (D) Simulated intracavity optical 

spectrum corresponding to the temporal waveforms shown in (C). 

Figure 2B depicts the generation and evolution of a dark-bright soliton pair. To match the 

simulation with experimental techniques, the auxiliary pump frequency is initially blue-

detuned with respect to its resonance (t1). Then the primary pump’s frequency is scanned from 

the blue- to red-detuned side of its resonance until accessing stable soliton states (t2 to t5). The 

Kerr-induced resonance shift resulting from the rising intracavity primary power causes the 

decrease of the intracavity auxiliary power (t2). When further tuning the primary laser into its 

resonance, the intracavity power will surpass the hyperparametric oscillation threshold power, 



and the primary field starts to generate Turing rolls (t3) (45). Correspondingly, the auxiliary 

field also generates Turing rolls through Kerr XPM with the primary Turing rolls, however 

they are out of phase with each other (See Fig. S1 in the Supplementary Materials for details). 

When continuing to tune the primary laser into its resonance, the primary comb will enter a 

chaotic regime with low coherence (t4), where both the intracavity primary and auxiliary 

waveform are unstable. Once the primary laser enters the red-detuned side of the resonance (t5), 

a bright primary soliton is formed. Strikingly, a dark soliton is simultaneously generated for 

the auxiliary pump via the XPM interaction between the intracavity auxiliary field and the 

bright soliton. The dark soliton is stable and propagates at the same velocity as the bright soliton.  

Figure 2C shows the simulated intracavity temporal waveforms of a single-soliton primary 

microcomb (red, left axis) and its induced auxiliary dark soliton pulse (blue, right axis). The 

soliton region is marked with a dashed arrow in Fig. 2B. The auxiliary dark soliton is trapped 

at the maximum of the bright pulse. The intracavity optical spectra corresponding to the 

temporal waveforms of Fig. 2C are shown in Fig. 2D. Compared with optical spectra of 

conventional microresonator dark solitons in the normal-dispersion regime (14, 15), the 

spectral envelope shown in Fig. 2D does not exhibit “cat-ear” peaks neighboring the auxiliary 

pump. Thus, the temporal waveform of the generated dark soliton here has no low intensity 

oscillations in the dark soliton minima, in contrast to conventional dark solitons. Note that, 

when the primary microcomb is in a multi-soliton state, the resonator can also generate multiple 

dark-bright soliton pairs. See Fig. S2 in the Supplementary Materials for the simulation of 

multiple dark-bright soliton pairs under same parameters as in Fig. 2. 

Influence of the group velocity mismatch on the dark-bright soliton pair 

To investigate the influence of the group velocity mismatch on the dark soliton, we performed 

a number of simulations by changing the mode number that is pumped by the primary laser, 

while keeping the auxiliary laser seeding the same optical mode as in Fig.2. Figure 3 shows the 

simulation results for dark-bright soliton pairs at different group velocity mismatch when the 

primary soliton microcomb is in a single-soliton state. Figure 3A illustrates the simulated 

intracavity optical spectrum of the auxiliary dark soliton when the primary pump mode is at 

μ = -1 with γ = - 0.41, and the dispersion parameters of the primary pump mode are 

p,2 = - 0.1028, p,3  = 0.0023. The corresponding temporal waveform of the dark soliton (blue) 

is shown in Fig. 3B with the red trace depicting the temporal waveform of the primary bright 

soliton. The spectra of the dark-bright soliton states can be found in Fig. S3 in the 

Supplementary Materials. Figures 3C and 3D show the simulation results when the primary 

pump mode is at μ = -11 with γ = 0.16, and the dispersion parameters of the primary pump 

mode are p,2 = - 0.1262, p,3  = 0.0023. Interestingly, the spectral and temporal profiles of the 

dark soliton change as seen in Figs. 3C and 3D. Compared with Fig. 2B, the spectra in Figs. 

3A and 3C are more asymmetrical and irregular when the value of γ is further from zero. The 

peak of the envelope of the auxiliary microcomb is shifted from the red (Fig. 3A) to the blue 

side (Fig. 3C) of the auxiliary pump frequency when the primary pump mode is changed from 

μ = -1 to -11, which corresponds to a change of γ from negative to positive. This asymmetry is 

also present in the time domain (as shown in Fig. 3B and D) where the relative amplitudes of 

the sidelobes-peaks of the dark soliton are changing when changing the sign of γ. Moreover, it 

is observed that the duration of the dark soliton increases when the absolute value of γ increases. 

These results show that the group velocity mismatch γ plays an important role in the temporal 

shape of the dark soliton. 



 
Fig. 3. Dark-bright soliton pairs at different group velocity mismatch. (A) Simulated optical 

spectrum and its corresponding temporal waveform (B) of the auxiliary dark soliton while the 

primary soliton microcomb is in a single-soliton state seeded at mode number μ = -1, with FSR 

mismatch γ = - 0.41. (C) Simulated optical spectrum and its corresponding temporal waveform 

(D) of the auxiliary dark soliton when the primary soliton microcomb is seeded at μ = -11 with 

γ = 0.16. 

Experimental demonstration of dark-bright soliton pairs 

The numerical predictions are verified with experiments using fused silica microtoroid 

resonators. Figure 4A shows the schematic of the experimental setup. Two external cavity 

diode lasers (ECDLs) are used for bichromatic pumping of a resonator. The primary laser at 

1.5 μm generates a bright soliton microcomb, where the overall group velocity dispersion is 

anomalous; while the auxiliary laser at 1.3 μm passively stabilizes the circulating optical power 

inside the microresonator to assist bright soliton generation for the primary pump (46, 47); 

meanwhile, generates a dark soliton pulse. A 235-µm-diameter fused silica microtoroid is used 

in the experiments with an FSR of 274 GHz. This particular microresonator is fabricated from 

a silicon wafer with a 6-µm layer of silicon dioxide (SiO2) (48). These two lasers are combined 

with a wavelength division multiplexer (WDM) and evanescently coupled into the 

microresonator via a tapered optical fiber. Two fiber polarization controllers (PCs) are used to 

match the polarization of the two lasers. At the resonator output, part of the light is monitored 

by an optical spectrum analyzer (OSA). The other portion of the light is separated by another 

WDM to monitor each pump separately on two photodiodes (PD1 and PD2). An autocorrelator 

(AC) based on second-harmonic generation is used to measure the autocorrelation traces of the 

dark soliton pulse from the auxiliary pump. The primary mode family is carefully selected so 

that it not only supports the formation of a bright soliton, but also has a selection of modes with 



FSRs that match the group velocity of the auxiliary mode. In the experiments, the 1.5-μm 

primary pump laser is widely tuned from 1560 nm to 1600 nm. Within this range, each mode 

from the primary mode family supports the formation of a bright soliton.  

 
Fig. 4. Experimental demonstration of a dark-bright soliton pairs. (A) Setup used 

for the dark-bright soliton pair generation via bichromatic pumping. The 1.5-µm primary 

pump laser is used to generate a bright soliton, while the 1.3-µm auxiliary laser thermally 

stabilizes the resonator and at the same time generates a dark soliton via XPM with the 

bright soliton. ECDL: external cavity diode laser; EDFA: Erbium-doped fiber amplifier; 

SOA: Semiconductor optical amplifier; WDM: wavelength division multiplexer; PC: 

polarization controller; PD: photodetector; AC: autocorrelator; OSA: optical spectrum 

analyzer; OSC: oscilloscope. (B) (C) (D) Measured spectra of the dark soliton frequency 

combs for different central wavelength of the bright soliton. The bright soliton is seeded 

at 1572 nm in (B), 1586 nm in (C), and 1595 nm in (D). The arrows in (C) and (D) 

indicate a spectral dip induced by mode crossings. (E) Autocorrelation trace (black) of 

the dark soliton with the spectrum shown in (B) together with a calculated autocorrelation 

trace (red) of the dark soliton shown in the blue trace in Fig. 3B. 

Figure 4B shows the dark soliton microcomb spectrum that is generated by the interplay of the 

primary bright soliton at 1572 nm seeded by 200 mW, together with 160 mW of auxiliary pump 

light at 1322 nm. See Fig. S4 in the Supplementary Materials for full spectrum including a 



spectrum of the single-soliton primary microcomb. We note that the dark soliton spectrum 

exhibits an irregular shape that agrees excellently with the simulated comb spectrum shown in 

Fig. 3A. In addition to the similar spectral envelope, the spectral peak of the auxiliary frequency 

comb also appears on the red side of the auxiliary pump, which is consistent with the simulation 

in Fig. 3A. To qualitatively explore the impact of the group velocity mismatch between the 

primary and auxiliary pump mode on the auxiliary microcomb in the experiments, the primary 

pump wavelength is changed to different modes between 1572 nm and 1595 nm while the 

auxiliary pump laser was held at a fixed mode at 1322 nm. As shown in Fig. 4C, the auxiliary 

microcomb assumes a symmetric shape around its pump when the primary microcomb is in a 

single-soliton state at 1586 nm. This is consistent with the simulated spectra shown in Fig 2D. 

In addition, the symmetric spectrum here suggests that the group velocity mismatch between 

the auxiliary mode and primary pump mode at 1586 nm is close to zero. The primary pump 

wavelength was further tuned to 1595 nm, which leads to the generation of an auxiliary 

frequency comb with a similar envelope as the one in Fig. 3C with a positive group velocity 

mismatch. The corresponding dark soliton spectrum is shown in Fig. 4D and exhibits a comb-

envelope peak shifted to the blue side of the auxiliary pump frequency, in agreement with the 

simulation in Fig. 3C. The spectral defects (marked with arrows) that are present in both Figs 

4C and 4D, are most likely generated by mode crossings with other mode families (49). See 

Fig. S5 in Supplementary Materials for measurements of spectra with multiple dark-bright 

soliton pairs. 

The auxiliary combs presented in Fig. 4 agree well with the simulations in Fig. 2 and 3 in terms 

of their spectral envelopes and the dependence of the spectral peak on the group velocity 

mismatch. When the primary pump wavelength is tuned from short wavelength (1572 nm) to 

long wavelength (1595 nm), the group velocity mismatch changes from negative to positive, 

crossing zero at around 1586 nm. This is similar to the simulations in Fig. 3: when changing 

the sign of the group velocity mismatch from negative to positive, the spectral peak is shifted 

from the red to blue side of the auxiliary pump. 

To further confirm our findings, we measure the autocorrelation traces of the generated 

auxiliary dark solitons. Figure 4E shows a normalized autocorrelation trace (black) of the dark 

soliton with a corresponding spectrum in Fig. 4B. For comparison, a simulated autocorrelation 

trace (red) of the dark soliton (blue trace shown in Fig. 3B) is overlaid. Both the experimental 

measurement and the simulation contain two dips on the sides of the autocorrelation peak, 

which are associated with the peaks shown in Fig. 3B (marked with arrows). Note that, the high 

background intensity of the autocorrelation trace is a result of the relatively short pulse duration 

of the dark soliton of ~ 500 fs. 

Discussion  

Conventional dark soliton formation in normal-dispersion microresonators requires the aid of 

mode interactions, which can be realized via mode coupling between different mode families 

in an overmoded microresonator (14, 15) or via mode interaction from an additional coupled 

microresonator (50). In contrast, the demonstrated method here generates dark solitons via the 

Kerr XPM with bright solitons, rather than the assistance of mode crossings. By pumping an 

optical mode with similar FSR to the primary mode, the local normal dispersion of the auxiliary 

mode is still preserved, and not modified via the synchronization of the bright and dark soliton, 

hence, enabling the generation of dark solitons (37). Compared with their generation in mode-

locked lasers, the dark-bright soliton pairs demonstrated here can have higher repetition rates 



spanning from tens of GHz to THz depending on the diameter of the microresonator. In addition, 

the auxiliary pump mode can be selected from an orthogonally polarized mode family with 

respect to the primary pump mode, which enables the generation of orthogonally polarized 

dark-bright pulse pairs. 

In summary, we proposed and experimentally demonstrated the generation of dark-bright 

soliton bound states in a single microresonator with two seed lasers: One laser operating in the 

anomalous dispersion regime generates a bright soliton, while the second laser seeds an optical 

mode in the normal dispersion regime with a similar group velocity to the first pump mode, to 

generate a dark soliton via XPM with the bright soliton. Operating the primary microcomb in 

a multi-soliton state, this technique can generate multiple dark-bright soliton pairs. The 

mutually trapped dark-bright soliton pairs enable waveforms with nearly constant output power 

in the time domain, which makes them less susceptible to perturbations and external noise in 

the optical systems. We believe the demonstrated technique could gain attention in ultrafast 

nonlinear optics and find potential applications in optical signal processing, future secure 

optical telecommunication (40), and atomic physics (41). 
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Numerical simulation of dark-bright Turing rolls   

Figure S1A shows the numerical simulations of intracavity waveforms of the primary Turing 

rolls (red trace) and the induced auxiliary Turing rolls (blue), while the primary pump laser 

operates in a Turing pattern regime. Interestingly, they are out of phase with each other. Figure 

S1B shows the corresponding optical spectra. 

 

Fig. S1.  Numerical simulations of the primary microcomb in a Turing pattern regime. 

(A)   Intracavity waveforms of the primary Turing rolls (red trace) and the induced 

auxiliary Turing rolls (blue). |ψa|
2 and |ψp|

2 are the corresponding intracavity powers as a 

function of the position in the cavity given by θ/π. (B) Corresponding optical spectra of 

the waveforms.  
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Numerical simulation of multiple dark-bright soliton pairs in a microresonator  

Figure S2 shows numerical simulations of the generation of multiple dark-bright soliton pairs 

when the primary microcomb is in a multi-soliton (“soliton crystal”) state. The simulation 

parameters are same as those in Fig. 2 of the main text. Figure S2A shows the intracavity optical 

spectrum of multiple dark-bright soliton pairs. The corresponding temporal waveforms are 

shown in Figure S2B. Figure S2C shows the temporal evolution of the waveforms of the two 

dark-bright soliton pairs. The numerical simulation shows the existence of two dark solitons 

that are simultaneously generated and trapped by the bright solitons. 

 

Fig. S2.  (A) Simulated intracavity optical spectrum with the primary microcomb in a 

two-soliton state. (B) Temporal waveforms of two bright solitons (red, left axis) and their 

induced dark solitons (blue, right axis), corresponding to the optical spectrum shown in 

(A). (C) Temporal waveform evolution of the primary bright solitons (upper panel) and 

auxiliary dark solitons (lower panel). 

 

 



Cross-phase modulation (XPM) interaction between the dark and bright soliton 

As discussed and shown in Fig. 2 and 3 of the main text, the influence of the primary bright 

soliton on the auxiliary field results in a dark soliton pulse via XPM. In the same way, the 

generated dark soliton also has an influence on the primary bright soliton. Figure S3A shows 

the temporal intracavity waveforms of the bright and dark soliton (same plot as in Fig. 3B in 

the main text), and Figure S3B shows the zoomed-in part of the bright soliton pulse pedestal. 

There are two peaks on each side of the bright soliton, induced by the corresponding two peaks 

of the dark soliton at the same position within the resonator. As shown in Fig. S3C, this 

interaction from the dark soliton causes a slight change in the spectral envelope of the bright 

soliton, which leads to a slight divergence from a sech2 shape around the primary pump. In 

addition, a spatiotemporal oscillation is induced by the beat signal between the primary pump 

and the dispersive wave around 1335 nm.   

 

Fig. S3.  (A) Simulated intracavity waveforms of a dark-bright soliton pair (same plot 

shown in Fig. 3A of the main text). (B) Enlarged view of the bright soliton pedestal.  

(C) Simulated optical spectrum of the dark-bright soliton pair, corresponding to the 

temporal waveforms in (A). 

  



Experimental spectra of the dark-bright soliton pair at different primary pump 

wavelengths 

Figure S4 shows the experimental spectra of a dark-bright soliton pair when the primary 

microcomb is in a single-soliton state and the primary pump laser is tuned to different 

wavelength: 1572 nm (upper panel), 1586 nm (middle panel), and 1595 nm (lower panel). The 

results plotted here correspond to the plots in Figs. 4B~D in the main text, including the spectra 

of the primary microcomb. 

 

Fig. S4. Measured spectra of the auxiliary and primary frequency combs when the 

primary microcomb is in a single-soliton state and the primary pump laser operates at 

1572 nm (upper panel), 1586 nm (middle panel), and 1595 nm (lower panel). The results 

here correspond to the results in Fig. 4 in the main text and include the spectra of the 

primary microcombs. 

 

  



Experimental demonstration of multiple dark-bright soliton pairs  

By detuning the primary laser frequency within its resonance, the primary microcomb can be 

deterministically changed between different soliton regimes that correspond to different 

numbers of solitons circulating within the resonator. When the primary comb is in a multi-

soliton state, multiple bright solitons can be generated by the microresonator. As shown in Fig. 

S2B, the multiple bright solitons will induce and trap multiple dark solitons, resulting in 

multiple dark-bright soliton pairs. Figure S5 shows the measured spectra of multiple dark-

bright soliton pairs with the primary pump operating at a wavelength of 1572 nm, under the 

same experimental condition as Fig. 4B in the main text.  

 

Fig. S5. Measured spectra of multiple dark-bright soliton pairs with the primary 

microcomb in a multi-soliton state and the primary pump laser operating at a wavelength 

of 1572 nm. 


