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Supplementary Material: Microwave generation
and frequency comb in a silicon optomechanical
cavity with a full phononic bandgap
1 Experimental details

1.1 Sample fabrication

The one-dimensional optomechanical (OM) crystal cavities
were fabricated on standard SOI wafers with a top silicon
layer thickness of 220 nm and a buried oxide layer thickness
of 2 𝜇𝑚. The patterned structure was written by electron
beam lithography, performed with a Raith150 tool, in a
PMMA positive resist film and transferred into the silicon
layer by reactive ion etching. Once the silicon was etched,
a buffered hydrofluoric acid was applied to remove the
buried oxide layer to release the structured nano-beams
[1].

1.2 Experimental Setup

Figure 1 shows the two experimental setups used in the
acquisition of the measurements of this paper. The setup in
Fig. 1(a) shows the configuration used for the acquisition
of the mechanical and optical spectra as well as the time
varying optical traces generated in the comb regime. A
tunable fiber-coupled external cavity diode laser (New
Focus TLB-6728) generates a continuous wave optical
signal that passes through a erbium doped fiber amplifier
(EDFA), a polarization controller (PC) and an optical
circulator before it arrives to a fiber tapered loop. When
this microlooped tapered fiber is close enough to the
OM cavity under study (whose relative position can be
tuned using piezo controllers), light is coupled evanescently
from fiber to cavity so that we can characterize both the
transmission and reflection spectra, shadowed in red and
blue respectively.
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Fig. 1: Sketches of the experimental setups used in the OM char-
acterization of the cavities, which were coupled via evanescent
waves to tapered fiber loop. The box containing the cvity and
fiber loop is not to scale, but zoomed for illustration purposes. (a)
A tunable laser generates a cw optical signal that passes through
a variable optical attenuator (VOA), a polarization controller and
an optical circulator before entering the OM cavity. In reflection
(port 3 of the circulator) we include a 12 GHz bandwidth pho-
todetector (PD) and a radiofrequency spectrum analyser (RSA).
In transmission, the signal is first split up using a 90:10 splitter:
part of the signal is amplified by an EDFA and then injected into
an optical spectrum analyser (OSA); the second path is photode-
tected to measure the level of the signal. (b) In a modified setup,
the laser is modulated with a microwave tone via a phase mod-
ulator in order to introduce a calibration tone to estimate the
optomechanical coupling rate.
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The optical spectra shown in the optomechanical fre-
quency comb (OFC) generation was acquired in trans-
mission, amplifying the signal when needed. This signal
was analyzed through an optical spectrum analyzer (OSA)
(ANDO AQ6317C). Meanwhile the reflected signal was
photodetected via either a 12 GHz Photodetector (New
Focus 1544-B DC-Coupled NIR Fiber-Optic Receiver) or
a 50 GHz Photodetector (𝑢2𝑡 XPDV2120R) in order to
record higher-order harmonics. However, it has to be noted
that this second one is less sensitive. Then, the resulting
electrical signal was sent to a radiofrequency spectrum an-
alyzer (RSA) (Rohde & Schwarz FSQ 40). The phase noise
measurements were performed with the Rohde & Schwarz
FSUP signal source analyzer. On the other hand, for the
optical temporal traces, we switched both the transmission
and the reflected channels to a different configuration. In
the transmission channel the signal was sent to a variable
optical attenuator (VOA) and then to the 12 GHz pho-
todetector (PD) connected to a Digital Communications
Analyzer DCA-J 86100C in oscilloscope mode. In this case,
the reflected channel photodetected with the 40 GHz PD
was used as a trigger signal. On the other side, the setup
used for the characterization of the optical resonance and
the measurements of the OM coupling rate (𝑔0) is shown
in Fig. 1(b). For this measurement, the calibration tone
technique was used [2, 3] so we compare the power spec-
tral density (PSD) resulting from the thermal noise of our
mechanical oscillator with a calibration tone produced
by phase-modulating the input laser light into the cavity
with a phase modulator (PM) with a known modulation
depth. The calibration tone generation part is shadowed
in Fig. 1(b) in yellow. In this case, either the transmitted
or the reflected channel can be used to measure the op-
tical resonance via a switchable gain amplified detector
(Thorlabs PDA20CS-EC - InGaAs Switchable Gain Am-
plified Detector) and then through a Scope (DSO81204B
Infiniium High Performance Oscilloscope).

The input powers 𝑃𝑖𝑛 mentioned in the main text
under different experimental conditions are the optical
powers that arrive to the fiber loop region. The values
are estimated considering that all the different optical
elements (polarization controller, circulator and fiber pig-
tails) placed between the tunable laser and the OM cavity,
which account for ≈ 1.5 dB of losses. However, there is
also an important consideration to be made regarding the
total optical power that arrives to the cavity. During the
fabrication of the taper fiber, to create the loop, the total
power drops to half of the input power (≈ 3 dB). Therefore,
we estimate that the power injected in the cavity under re-
sonance is about 4.5 dB smaller than the power generated
by the tunable laser. Under this assumption, the total

power reaching the fiber loop region has been estimated
to be 𝑃𝑖𝑛=2.48 mW for the phonon lasing condition and
𝑃𝑖𝑛=3.38 mW for the frequency comb generation.

2 OM cavity characterization

2.1 Optical and mechanical resonance

The optical response of the cavity was characterized with
the experimental setup shown in Fig. 1(b). The trans-
mitted signal displayed an optical resonance centered at
𝜆𝑟 = (1522.5 ± 0.3)𝑛𝑚 as shown in Fig. 2(a). The uncer-
tainty attributed to this measurement was the dispersion
of the measurements of the optical resonance under differ-
ent relative coupling position between the fiber loop and
the cavity. A Lorentzian fit was fitted to the experimental
data giving an optical quality factor of 𝑄 ≃ 5 × 103.
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Fig. 2: (a) Optical experimental resonance trace (light blue)
and Lorentzian fit (dark blue line). (b) PSD of the mechanical
resonance riven by thermal noise. (c) Picture of the calibration
tone method for the determination of the OM coupling rate: in
red the mechanical mode is fitted with a Lorenztian curve and in
orange the calibration tone is adjusted with a Gaussian shape.

Figure 2(b) shows the power spectral density (PSD)
of the tranduced mechanical resonance at lower input
power to be sure that the resonance was not amplified due
to dynamical back-action. The resonance was fitted with
a Lorentzian, depicted in red, giving rise to a centered
resonance frequency of Ω𝑚/2𝜋 =(3.897±0.001) GHz and
a mechanical linewidth of Γ𝑚/2𝜋 =(1.6 ± 0.2) MHz.
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2.2 Optomechanical coupling rate

In order to calibrate the obtained PSD spectra, a calibra-
tion tone of a known modulation depth of 𝑉𝑝 = 0.07 V at
Ω𝑐/2𝜋 =3.91 GHz was generated to modulate the laser by
means of a phase modulator (EOspace Phase Modulator)
with a 𝑉𝜋 = 3.1 V. Comparing the area under the me-
chanical mode ⟨𝑉 2⟩𝑚 and the calibration tone ⟨𝑉 2⟩𝑐 we
obtained an OM coupling rate of 𝑔0/2𝜋 =(660±70)kHz
through [2]:
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where 𝑛𝑡ℎ is the number of phonons occupying the mechan-
ical mode at room temperature and 𝐺𝑣𝜔(Ω𝑖) is the fre-
quency dependent transduction factor. As the calibration
tone was place just a few MHz apart from the mechanical
resonant mode it can be assumed that both transduction
factors are nearly the same so |𝐺𝑣𝜔(Ω𝑐)/𝐺𝑣𝜔(Ω𝑚)| ⋍ 1

2.3 Mechanical mode amplification
evolution

The evolution of the mechanical mode can also be ob-
served in the first panel of Fig. 3 where a colormap of
the normalized PSD evolution as a function of the laser
wavelength is shown. Here, the evolution of the second and
third harmonics is also depicted. It can be seen that the
second and third harmonic also experience a mechanical
shift in accordance with the mechanical frequency shift of
the main mechanical mode. Also, it can be seen that the
wavelength laser threshold of the harmonics appear once
the first mechanical mode has already reach the lasing
regime. In particular, we are able to measure up to the
6th harmonics, which reaches a microwave frequency as
high as 23.4 GHz as can be seen in Fig. 4.

3 Finite-element simulations
The numerical simulations of the photonic band diagrams
were performed employing the Plane Wave Expansion
(PWE) algorithm in Synopsys RSoft Bandsolve. The simu-
lations of the phononic band diagrams and the calculations
of the photonic and phononic eigenmodes of the result-
ing structures and its coupling were performed using the
finite-element software COMSOL Multiphysics.

For both photonic and phononic band diagrams, a
unit cell was simulated using Floquet boundary conditions
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Fig. 3: Normalized PSD evolution of the first three harmonics
of the generated comb. The color scale shows in red (maximum)
and yellow (minimum) the normalized PSD of each harmonic.

along the propagation direction (−→𝑥 ). In the case of the
phononic band diagrams, free boundary conditions were
applied for the rest of boundaries. This was performed
both in the phononic band simulations of the nominal
unit cells as well as in the SEM profile real fabricated
structures. For the photonic band diagram, as we were
analyzing the photonic band diagram of a 1D structure, a
super-cell constituted by the Si unit cell surrounded by a
few 𝜇𝑚 of air in the −→𝑦 and −→𝑧 directions was included.

In the case of the calculations of the OM crystal cavity
eigenmodes and its coupling, the simulation was performed
as follows: all the boundaries were kept free excluding the
end of the cavity support pads that were modeled as a fixed
boundary. In the case of the photonic simulations, the Si
cavity was suspended in air and perfectly matched layers
(PML) were applied at the surrounding. These boundary
conditions where also used in the optical calculations of
the real profile structure retrieved from the SEM image.
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Fig. 4: Detected Radio Frequency spectra showing the six first
harmonics of the comb.



4 REFERENCES

Furthermore, the optical comb traces were simulated
implementing the coupled equations presented in [12] in
Matlab.
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