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Frequency combs, i.e. spectra of equidistant laser lines, are enabling tools in precision spectroscopy and 

optical frequency metrology [1]. Conventionally, frequency combs are generated using mode-locked 

lasers, where the mode-locking of the optical comb lines implies the generation of a train of ultra-short 

optical pulses. Frequency combs can link optical frequencies to radio/microwave-frequencies and thereby 

provide and absolute frequency reference in the optical domain.  A novel approach of frequency comb 

generation is based on continuously driven, Kerr-non-linear, optical microresonators where cascaded four-

wave mixing leads to the emergence of an equidistant frequency comb spectrum [2, 3]. An essential 

prerequisite for this RF-to-optical link is self-referencing, which can be achieved via e.g. f-2f or 2f-3f 

interferometry [4, 5].  So far however, self-referencing of microresonator combs has not been possible as 

no system was capable of generating sufficiently broad spectra while maintaining the low-noise level 

required for metrology operation. 

 

We have demonstrated that one route to low-noise frequency combs are via the formation of temporal 

dissipative optical solitons in high-Q MgF2 microresonator (Q~400 million) [6]. The formation of solitons 

is enabled by the balance between anomalous resonator dispersion and Kerr-nonlinearity. The solitons 

produced can be very stable and ultra-short with durations on the order of ~200 fs. These ultrashort pulses 

can be used for microwave generation or spectrally broadened to close to what is necessary for self-

referencing.  

 
 

Fig. 1. (a) A frequency comb (blue) generated in a continuously driven (80mW, 1553nm) soliton-mode locked MgF2 microresonator (inset) is 
broadened to a broadband frequency comb spectrum (red) by external broadening in a highly-nonlinear fiber. (b,c) Free-running radio-frequency 

(RF) repetition rate beat note observed when detecting the optical spectra on a fast photo-detector before and after spectral broadening (res. 

bandwidth 100 Hz).  
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