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Monolithic Frequency Comb Generators
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Science 322, 555 (2011).
https://www.nist.gov/topics/physics/optical-frequency-combs



Microresonator-Based Optical

Frequency Combs

Advantages

+ Compact design
* Low power consumption
* Operating range
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Microresonators for frequency combs

T. Herr, Ph.D. thesis, EPFL (2013).



MgF, resonator

Resonator Type: Crystalline MgF»
Q 10%-10”

FSR (GHz) 10-200

no 1.37(0), 1.38(e)
n, (107°m*wW-1 0.9

Aeff (umé) 30-100
Transparency (um) 0.13-7.7
1/L-dL/dT (107°K~ 1 ~10
1/n-dn/dT (107°K~1)  0.09(0),0.03(e)
Coupling method tapered fiber

n=mngy+n,l

T. Herr, Ph.D. thesis, EPFL (2013).



Kerr nonlinearity

Four wave mixing
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Principle of Kerr comb
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Temporal solitons in optical microresonators

T. Herr!, V. Brasch’, J. D. Jost, C. Y. Wang', N. M. Kondratiev?, M. L. Gorodetsky?>*
and T. J. Kippenberg'*

Temporal dissipative solitons in a continuous-wave laser-driven nonlinear optical microresonator were observed. The
solitons were generated spontaneously when the laser frequency was tuned through the effective zero detuning point of a
high-Q resonance, which led to an effective red-detuned pumping. Transition to soliton states were characterized by
discontinuous steps in the resonator transmission. The solitons were stable in the long term and their number could be
controlled via pump-laser detuning. These observations are in agreement with numerical simulations and soliton theory.
Operating in the single-soliton regime allows the continuous output coupling of a femtosecond pulse train directly from
the microresonator. This approach enables ultrashort pulse syntheses in spectral regimes in which broadband laser-gain
media and saturable absorbers are not available. In the frequency domain the single-soliton states correspond to low-noise
optical frequency combs with smooth spectral envelopes, critical to applications in broadband spectroscopy,
telecommunications, astronomy and low noise microwave generation.



Soliton

Dispersion
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Soliton

Balance of dispersion and nonlinearity

3
ou + 0°u + ua_u =0 KdV(Korteveg - de Vries) equation
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time=4 u(x, t) = asech?[b(x — vt)]

where b = ,/a/12, v =3a

http://www.imm.dtu.dk/math_phys/Solitons.html



Dissipative Kerr soliton

Soliton
(pulse)

Lugiato-Lefever equation

A : Slowly varying envelope
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Dissipative Kerr soliton
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Mode-locked Kerr frequency combs
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We analyze a mode-locked regime in Kerr frequency combs generated in nonlinear microresonators. Using damped
driven nonlinear Schrodinger equations we show that the combs can produce subpicosecond optical pulses when
the resonators are characterized with a small enough anomalous group velocity dispersion. We provide an analytical
solution of the problem for the case of small damping. © 2011 Optical Society of America

OCIS codes: 190.5530, 190.2620, 190.4223.



Method for creating solitons

1. Sweep the frequency of the pump laser

Intracavity power (a.u.)

I [ I I

Pump laser wavelength (a.u.)



Transmission spectrum

Low power limit

<4— 530kHz

Transmission, a.u.

laser detuning, a.u.
T. Herr, Ph.D. thesis, EPFL (2013).



Bistable resonance

bistability curve for

pump seeing soliton
component

bistability curve for
pump seeing
cw component
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Triangular resonance

probe cavity resonance  transmission signal
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https://www.osapublishing.org/oe/fulltext.cfm?uri=oe-12-20-4742&id=81300



Triangular resonance
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Opt. Express 12, 4742 (2004).



Numerical simulation

Laser scan

Ll

—— numerical simulation

all possible evolutions

analytic solutions

Average intracavity power (a.u.)

& (normalized laser detuning from wg)



Transmission spectrum

High power pump

Laser scan
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Spectrum measurement

One soliton

Power 20 dB per division (a.u.)

1,520 1,540 1,560 1,580



FROG measurement

Frequency resolved optical gating

http://frog.gatech.edu/frog.html



FROG measurement

SHG power (a.u.)
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One soliton
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Anomalous dispersion
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WGM mode




Transmission (a.u.)
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