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Optical frequency combs

Frequency domain
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Examples of mode summation

2 modes
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Examples of mode summation

5 modes, random phase 5 modes, phase locked
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Examples of mode summation

20 modes, random phase 20 modes, phase locked
19 19
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Optical frequency combs

Frequency domain
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| Optical frequency combs
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Ultrafast fiber lasers

Microcavity combs
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Ultrafast
fiber lasers




Mode-locked femtosecond lasers

Fiber lasers Semiconductor
lasers

Ti:Sa lasers (1980x)
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Fiber laser mode locking mechanlsm _
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Fiber mode locked lasers
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Fiber mode locked lasers
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Platforms for soliton microcomb generation

Whispering gallery mode cavities

Microring platforms

LiNbO, AIN (Yale), _
(Rochester, Caltech) AlGaAs (NIST) Diamond (Harvard)

10 pm

Integrated microrings

GaP (IBM)

Silicon Nitride
(Columbia, UCSB, EPFL)




Principle of comb generation

Kerr cavity

Input Output
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Energy is transferred from initial
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wave mixing mechanism
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LLE equation

Lugiato-Lefever equation (LLE)
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Temporal cavity soliton — a localized structure 10

emerging as interplay of nonlinearity and
dispersion on one side and losses and pump on
the other.
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LLE equation

Lugiato-Lefever equation (LLE)
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Real life

Lugiato-Lefever equation (LLE)

A K . D, 0°
— ="z tidw|+ti———
ot 2 2 0
~ ~ N—— ~—
Loss Detuning Dispersion Nonlinearity
Laser on
= [Blue detuned " Red detuned Blue detllmeﬂ ]
c - 3
s O £
-\.E.- i :_.-
- 9
=y @
C B ; =
£ | Thermal triangle . " unstable i
| 1 1 - -"|f 1 1 1 j

Scan time (2 ms/ div.)

. 2
+1g0lAl° | A+ /Kex Sin

\/
Pump

Once you tune the laser to the
resonance, it shifts:

Instant shift due to self phase modulation
(n =ng + golAl?)

Slow (tens of ns) due to thermal heating
(n =n(T))



Real life

f |

Modulation instability

Chaotic regime
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|_| M |tat IONS *  Wide combs requires precise dispersion engineering
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Overcoming limitations

Self-injection locking Filter driven four wave mixing
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Dissipative four-wave mixing

OPTICS LETTERS / Vol. 27, No. 7 / April 1, 2002

September 15, 1997 / Vol. 22, No. 18 / OPTICS LETTERS . . . - . .

CPIEmbEr 29, . Self-induced modulational instability laser revisited: normal
dispersion and dark-pulse train generation

Eiji Yoshida and Masataka Nakazawa
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nature :

COMMUNICATIONS 3,765, 2012

Demonstration of a stable ultrafast laser based
on a nonlinear microcavity

M. Peccianti'2, A. Pasquazi!, Y. Park!, B.E. Little3, S.T. Chu3#4, D.J. Moss ! & R. Morandotti’
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Self-emergence of robust solitonsina

microcavity

Mature | Vol 608 | 11 August 2022 | 303
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Main claim: Fine tuning of laser cavity
parameters makes soliton a main attractor
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Spontaneous creation of reflected comb

One more player - Rayleigh scattering

Reflected
comb

m—,

E ref lected

In high-Q microcavity Rayleigh scattering is
enhanced by factor, similar to Purcell factor ->
spontaneous back reflected comb formation.

Kippenberg T. J., Spillane S. M., Vahala K. J. Opt.
Lett. V. 27, 2002. P. 1669-1671
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Spontaneous creation of reflected comb

One more player - Rayleigh scattering

Reflected Forward
comb comb

m—,

out

E ref lected

In high-Q microcavity Rayleigh scattering is
enhanced by factor, similar to Purcell factor ->
spontaneous back reflected comb formation.

Kippenberg T. J., Spillane S. M., Vahala K. J. Opt.
Lett. V. 27, 2002. P. 1669-1671
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Microcavity as a semi-reflective mirror
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Microcavity as a semi-reflective mirror
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Microcavity as a semi-reflective mirror
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