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An Exceptional Approach to Generating Frequency Combs
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Scientific Achievement
An ab initio laser theory was developed to show that 
exceptional-point lasers can self-generate frequency 
combs through dynamic population inversion.

Research Details
• Developed a stability analysis to efficiently understand the 

threshold for the appearance of a frequency comb near an 
exceptional point.

• Confirmed results using standard simulation techniques.

Significance and Impact
The repetition rate of these EP combs is independent of 
the cavity’s free spectral range, with technological 
implications for information transport.
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Schematic of a simple optical system that exhibits 
an exceptional point (top) and the frequency comb 
that will develop when the system lases with 
sufficient intensity (bottom).

Work was performed, in part, at the Center for Integrated 
Nanotechnologies.
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Presentation Notes
Exceptional points give rise to the fascinating properties of parity-time symmetric systems, one of the most actively studied topics in optics. The existing framework of steady-state ab initio laser theory (SALT) has proved highly successful in describing the properties of microcavity lasers. However, sufficiently close to an exceptional point, SALT’s assumption of a static gain must break down. For over a decade, an open question loomed: what happens to a laser when it comes very close to an exceptional point, where SALT breaks down?Here, we develop an ab initio theory that allows us to finally answer this question. The answer surprised us and everyone we’ve talked to: a laser turns into a frequency comb when it approaches an exceptional point. The physical mechanism involves a multi-spectral multi-modal instability that initiates a dynamic gain oscillation, markedly different from how a conventional laser mode turns on. The resulting frequency comb also exhibits many unique properties, including an ultra-compact size, a tunable repetition rate, and a self-starting operation, all of which are promising for future applications.Acknowledgements – We thank M. Khajavikhan, A.D. Stone, L. Ge, S.G. Johnson, and M. Yu for helpful discussions. This work was supported by the National Science Foundation CAREER award (ECCS-2146021) and the University of Southern California. A.C. acknowledges support from the US Department of Energy, Office of Basic Energy Sciences, Division of Materials Sciences and Engineering. This work was performed, in part, at the Center for Integrated Nanotechnologies, an Office of Science User Facility operated by the US Department of Energy (DOE) Office of Science. Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly-owned subsidiary of Honeywell International, Inc., for the US DOE’s National Nuclear Security Administration under contract DE-NA-0003525. The views expressed in the article do not necessarily represent the views of the US DOE or the United States Government.
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