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ABSTRACT

We have developed an experimental setup in order to study whispering gallery mode resonators in the pulsed-
pump regime. Since the pulse repetition rate needs to match the free spectral range of the resonator, the pulse
generator we have built is flexible in terms of both pulse repetition rate and pulsewidth. A rich variety of
dynamical phenomena are observed in the system.
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1. INTRODUCTION

Whispering-gallery mode resonators are a versatile platform capable of hosting a wide diversity of dynamics (for
a complete overview, see refs.}15).

In the continuous pumped regime, it is possible to generate different patterns depending on the dispersion
regime. In the anomalous dispersion regime, one can excite Turing rolls, chaotic dynamics, solitons, soliton
molecules/crystals and breathers.!#1® Experimental work has been reported regarding soliton generation'%17 in
WGMR in the literature. This work has been done exclusively in the continuous regime, meaning a continuous
wave laser has been used to pump the WGMR.

Recently, work on the driving of WGMRs with a pulsed pump has been reported in ref.'® Driving a WGMR
with a pulsed source, or equivalently, driving a frequency comb with a comb spacing matching (or very close to)
the free spectral range of the resonator, could allow us to reach states different from the ones listed above. In
this article we propose an architecture which can generates fairly high peak power pulses with flexible repetition
rate, pulse duration and pulse state. By pumping a MgFy WGMR, we observed the generation of asymmetric
frequency combs when slightly tuning the repetition rate of the pulses.

We here report some results obtained experimentally, and provide a preliminary physical explanation regard-
ing the various spectra that have been observed.

2. THE SYSTEM

The system is made of two subsystems. The first one is the pulse generator represented schematically on Fig. 1.
Its architecture is similar to the optoelectronic oscillator presented in ref.'® A narrow linewidth CW laser is
modulated in phase and in amplitude in order to generate chirped pulses. The pulses are then amplified and
launched into an optical fiber where they undergo solitonic compression. At the output of the fiber we reach
high-peak power, picoseconds pulses. Since we generate the pulses with optical modulators, we can freely choose
the repetition rate of the pulses within their bandwidth and with kHz resolution.

The bottom left trace on Fig. 1 shows both the experimental and simulation average autocorrelation traces.
We can see a fairly good agreement between both. The bottom right figure represents the pulse evolution as it
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Figure 1. Top : Schematic representation of the experimental setup used to generate pulses with variable repetition rate.
Left : Autocorrelation (experimental in blue and simulation in orange) of the pulses at the output of the pulse generator.
Right : simulation of state of the pulse as a function propagation length.

propagates through the fiber and shows the versatility of our system. By changing the length of the fiber spool
we can change the pulse duration and peak power until we reach the maximum compression rate (highest peak
on the figure) or we can even go further and generate dual peak states.

The second system is the WGMR itself as well as the taper fiber used to couple light into it.

In order to lock the laser pump laser onto a resonance of the WGMR we use the Pound-Drever-Hall (PDH)
method which requires the use of a phase modulator and an photodiode. However, the PDH lock can be perturbed
if an other source of light reaches the photodiode, or if the intracavity power induces thermal instabilities.?’ This
is why we have implemented a double circulator architecture visible on figure 2. This provides two optical paths,
one which goes from the phase modulator through the WGMR and ends at the photodiode, and the other one
which starts from the pulse generator, goes through the WGMR and ends up in the port 3 of the first circulator.
With this setup, the stability of the lock is totally independent from the power of the pulses at the output of the
pulse generator.
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Figure 2. Schematic representation of the complete experimental setup used to drive the WGMR in the pulsed pump
regime. The blue box labeled ”Soliton generator” is the system represented on figure 1.
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3. RESULTS AND DISCUSSION

When we first drove the WGMR, with the pulses tuned at a repetition rate matching the FSR of the particular
resonance we were locked on we observed a broadening of the spectrum at the output of the WGMR  relative to
the input. This meant that the pulses were coupled into the resonator and the incoming frequency comb was
broadened via four-wave mixing.
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Figure 3. Spectra at the ouptut of a MgF, WGMR when the repetition rate of the pulse generator is slighly detuned (few
tens of kHz) relative to the FSR of the resonances. We observe a broadening of the spectrum toward the higher frequency
when the repetition rate is lower than the FSR and toward the lower frequency when the repetition rate is higher than
the FSR.

We then varied a few parameters such as the input power or the polarization and observed the change in
dynamics at the output of the WGMR. The dynamics of the system was drastically modified as we changed the
modulation frequency applied on the modulators of the pulse generator, that is, the repetition rate of the pulses
coupled into the resonator. When slightly changing the repetition rate (a few tens of kilohertz relative to the
FSR of the resonance), we observed an asymmetric broadening of the frequency comb. As we can see on Fig. 3,
the spectrum broadens toward the higher wavelength or the lower frequency when the repetition rate is increased
relative to the FSR of the resonance and is broadens toward the lower wavelength or higher frequency when the
repetition rate is decreased relative to the FSR of the resonance.

Since we use a frequency comb as the drive of the resonator, we do not couple light in the resonance on
which the laser is locked only but in many resonances of the same family, each of them separated by one FSR
from its neighbor. In order to provide an explanation for the phenomenon we have observed, we need to picture
position of the frequency comb used as the pump relative to the family of resonance. When the repetition rate
of the pump is increased, the frequency comb broadens. On the right of the resonance the laser is locked on, the
frequency comb be shifted toward the blue side of the resonances. Similarly, the comb will be shifted toward the
red side of the resonances on the left side of the central resonance. The reverse is true when the the repetition
rate of the pump is decreased. If we link the explanations above to the experimental spectra, we observe that
on the broadening of the frequency inside the resonator is observable only on the side where the pulses are red
detuned relative to the center of the resonances.

It was found that in order to generate solitons in a WGMR, red detuning the pump relative to the center of
the resonance seemed to be the most preferable condition.
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4. CONCLUSION

We developed a versatile and flexible pulse generator where both the peak power and the repetition rate of the
pulses can be easily tuned. We than used this pulse generator to pump a WGMR, and analyze the mismatch
with regard to the FSR of the resonance on which we are locked. We have observed asymmetric frequency comb
generation when driving a resonator in the pulsed pump regime. Future work will explore this dynamical regime
with further detail. Specific efforts will also be devoted to the understanding of the interplay of these combs
with Raman?'26 and Brillouin nonlinearities,?” 3% as well as possible applications in metrology.3!»32
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