
Multistable soliton dynamics in an optical
microresonator

Figure 1 | Generation of multistable soliton dynamics

and the observation process of soliton dynamics.

Figure 2 | Experimental observations of multistable

soliton collision dynamics.
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Dissipative Kerr solitons, which are

generated in high-quality-factor (Q)

optical microresonators, serve as an

advanced type of laser source. Their

frequency components are arranged

uniformly, like the teeth of a comb;

therefore, they are often referred to as

microcombs. Due to the low loss,

compact size, and strong nonlinearity

of high-Q optical microresonators,

microcombs can achieve spacing down

to tens of gigahertz (GHz) or even

terahertz (THz). These combs offer

significant advantages, including low

power consumption, a miniature size

(coin-sized), and low noise. This

demonstrates substantial application

potential in precision measurement,

high-speed communication, and

microwave photonics. Furthermore,

the fabrication process of optical

microresonators is compatible with

existing complementary metal oxide

semiconductor (CMOS) technology,

which facilitates large-scale production

and offers broad market prospects in the industrial sector.

In metrology applications, such as ranging and spectral analysis, dual-comb detection systems
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Figure 3 | Experimental observations of multistable

soliton switching dynamics.

are commonly used to improve

measurement accuracy and resolution.

Compared to traditional independent

dual-comb structures, multistable

solitons can generate two sets of

optical combs with stable frequency

differences within a single

microresonator simultaneously. This

approach significantly reduces system

cost and complexity while achieving

superior dual-comb coherence.

Conversely, the generation process of multistable solitons is accompanied by rich dynamic

phenomena, such as soliton switching and collisions. Studying these dynamics expands our

fundamental understanding of soliton interaction mechanisms and aids in optimizing the

generation and control processes of multistable microcombs. This improves the flexibility of

integrated single-cavity dual-comb sources and advances their application development.

However, multistable soliton dynamics occur over extremely short timescales (in the

microsecond range), exhibit excessively narrow temporal pulses (in the sub-picosecond range),

and demand substantial frequency bandwidth (in the terahertz range). Although alternative

approaches such as the temporal magnifier and optical sampling have been used to characterize

soliton dynamics, they are unable to capture the phase information or enable continuous

tracking of dynamics across multiple round-trip periods. Real-time full-field characterization of

their temporal and spectral evolution dynamics is a critical challenge that requires urgent

breakthroughs.

The authors of this article created a multistable microcombs generation platform using

multicolor pumping. To overcome the challenges of observing microresonator soliton dynamics,

Prof. Chi Zhang’s team developed a novel chirped coherent detection scheme that combines the

functionalities of both a spectrometer and an oscilloscope. This system enables the real-time

characterization of the full-field spectral and temporal evolution of multistable solitons (i.e.,

intensity and phase). As illustrated in Figure 1, the core innovation lies in the seamless

integration of the time-frequency mapping advantage of dispersive Fourier transform (DFT) and

the full-field information detection capability of coherent detection. This approach creates a

virtual time-lens in the digital domain, which enables the real-time measurement of the full-field

spectral information of the signal under test. Finally, an inverse Fourier transform is applied to

reconstruct the temporal waveform and phase of the signal. This approach circumvents the

bandwidth limitations inherent in direct temporal detection and addresses issues associated

with the complex structure and high detection noise of conventional optical time-lenses.

Operating at a 20-MHz frame rate, the chirped coherent detection achieves a spectral resolution

of 28 pm across a 25-nm bandwidth and a temporal resolution of 280 fs within a 520-ps

temporal window.

The research group observed multistable soliton collision phenomena, including mutual



penetration and fusion, as well as multistable soliton switching phenomena using the proposed

system, as shown in Figures 2 and 3, respectively. The multistable soliton switching phenomenon

is a significant new discovery in microresonator soliton dynamics research.

Chirped coherent detection allows for the full-field measurement in both the spectral and

temporal domains, thereby establishing a reliable foundation for the precise manipulation of

diverse multistable soliton dynamics. The results will offer new fundamental insights into

multistable soliton behavior in microresonators and facilitate further advances in dual-comb

applications, including high-precision light ranging and spectroscopy.  
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