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Nota Técnica / Technical Note 

 

Optomechanical Microwave Oscillator and Frequency Comb- 
NTC 

 

ABSTRACT: 
 

This OPA technical note introduces an optomechanical microwave oscillator on a photonic integrated silicon 

chip. The device allows obtaining a microwave tone at about 4 GHz with a phase noise lower than -100 dBc/Hz 

at 100 kHz. In addition, this optomechanical oscillator, developed at the Valencia Nanophotonic Technology 

Center (NTC), can generate an optical comb with high purity harmonics reaching above 20 GHz.. 

 

RESUMEN: 
 

Esta nota técnica de OPA presenta un oscilador de microondas optomecánico en un chip fotónico integrado de 

silicio. El dispositivo permite la obtención de un tono de microondas a unos 4 GHz con un ruido de fase menor 

a -100 dBc/Hz a 100 kHz. Además, este oscilado optomecánico, desarrollado en el Centro de Tecnología 

Nanofotónica de Valencia (NTC), puede generar un peine óptico con armónicos de alta pureza por encima de 

los 20 GHz 

 

 
Nanophotonics Technology Center  

The Nanophotonics Technolocy Center (https://ntc.webs.upv.es/), placed at the Universitat Politècnica de 

València (UPV) campus, was created on 2005 to become a leading R&D center in nanophotonic science 

and technology. Our main mission is to place the NTC at the forefront of the knowledge in fundamental 

nanophotonic science as well as to use this knowledge to build novel materials, devices and systems for a 

wide range of applications. 

Nowadays, the NTC has a human team formed by more than 50 people, including UPV professors, post-

doctoral researchers, clean-room technicians and PhD students. The strong involvement of all our skilled 

personnel enables us to develop activities in many different topics including telecom, datacom, computing, 

biosensing, space or photovoltaics, amongst others. 

The NTC has a series of outstanding technological facilities, including state of the art simulation tools, labs 

for device and system characterization, and an assembly and packaging laboratory. But it deserves special 

consideration our state-of-the-art 250 m2 clean-room, aimed at the fabrication of nanophotonic structures 

and devices using silicon-compatible technology. Together with the CNM (Centro Nacional de 

Microelectrónica) in Barcelona and the ISOM in Madrid, our clean-room is part of the “Micronanofabs” 

network, approved by the Ministry of Science, Technology and University as an ICTS. 

The silicon cavity optomechanics platform 

Cavity optomechanics studies the interaction between light and sound waves simultaneously confined in a 

resonant cavity. In an optomechanical cavity (OMC), confined mechanical waves can coherently modulate 

an optical signal at MHz and even GHz frequencies via optomechanical interaction. Thus, OMCs could 

become relevant in microwave photonics, a discipline addressing the manipulation of microwave signals 

in the optical domain. Furthermore, since OMCs are nonlinear elements, multiple harmonics of the 

fundamental mechanical vibrations can be over imposed on the optical signal, a phenomenon that can be 

interpreted as an optomechanical frequency comb (OFC). 

Amongst the different technological platforms for cavity optomechanics, silicon optomechanical crystals 

are an interesting choice since they can be fabricated on silicon chips using standard top-down fabrication 

tools and be easily interfaced with silicon optoelectronics. Within this platform, we have designed, 

fabricated and demonstrated an OMC on a suspended silicon nanobeam (see the Scanning Electron 

Microscope picture of Fig. 1(a)). This cavity has been carefully designed to have a confined optical mode at 
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around 1550 nm as well as a breathing-like mechanical mode vibrating close to 4 GHz (see Fig. 1(b)). 

Notably, the mechanical mode is within a full phononic bandgap, which extremely limits leakage of 

mechanical waves. The optical mode can be excited using an external tapered fiber using the set-up 

depicted on Fig. 1(d). The excitation of the optical mode can be seen as a dip in the optical transmission, as 

shown in Fig. 1(e). If the cavity is then fed by an optical carrier having a wavelength close to the optical 

resonance, the mechanical mode is transduced due to thermal forces to the optical carrier, and can be 

observed as a peak at the mechanical frequency in the photodetected spectrum in Fig. 1(f). Remarkably, 

when the laser is slightly blue-detuned with respect to the optical resonance, mechanical gain is induced, 

which ultimately lead to mechanical lasing so a very pure microwave tone is obtained in the spectrum. 

 

Figure 1. OMC cavity in a silicon photonic chip. (a) SEM image of the fabricated cavity; (b) Confined optical mode (c) Confined 
breathing-like mechanical mode. (d) set-up experimental; (e) Optical experimental resonance trace (purple)and Lorentzian fit (dark 

line); (f)  Mechanical mode evolution from the thermal noise transduced mechanical mode (red curves, short wavelengths) to the 
mechanical lasing regime (blue curves, long wavelengths). 

Optomechanical Microwave Oscillator (OMO) 

High-quality microwave sources, used in a number of applications including wireless communications, 

radar, surveillance or RF processing, are typically built by applying frequency multiplication to an 

electronic source. This requires a cascade of frequency-doubling stages, which means that the power of 

the final signal is greatly reduced. Recently, different techniques to produce microwave tones via optical 

means have been proposed resulting in optoelectronic oscillators (OEO). In an OEO, a pure microwave 

tone is overimposed on an optical carrier so that, after photodetection, we get a microwave tone. This is 

just the case of our OMC as seen in Fig. 1(f). In this case, since the involved mechanism is a self-sustained 

oscillation – or phonon lasing - originated from optomechanical interaction, from now on we will refer to 

it as an optomechanical oscillator (OMO).  

To check the performance of our OMC as an OMO, we measured the phase noise of the generated high-

purity microwave tone (Fig. (2a)). As shown in Fig. 2(b), the phase noise becomes as low as (-101±1) 

dBc/Hz at 100 kHz, which is a remarkable good value for afree-running GHz oscillator. This performance 

is on par with some commercial mid-range devices, such as the Agilent N5183AMXG that displays a phase 
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noise of -102 dBc/Hz at 100 kHz offset for a 10 GHz frequency. In our case, the device foot-print is below 

10 m2 and the operating powers are of the order of 1 mW. Therefore, this device shows a very interesting 

performance in terms of compactness and power consumption. It is also worthwhile to emphasize the 

possibility to integrated thousands of OMOs on a single chip. 

Optomechanical Frequency Comb (OFC) 

Driving the cavity at larger input powers eventually leads to the generation of multiple harmonics as a 

result of the nonlinear behavior of the OMC. This closely resembles an optical frequency comb (OFC) of 

optomechanical nature. We measured up to the fifth harmonic, which can be seen in the optical spectrum 

of the generated OFC in Fig. 2(c). We also measured the phase noise of the different harmonics, as shown 

in Fig. 2(d). In principle, the harmonic mixing process will result in an added phase noise of 20·log(m) 

with respect to that of the first harmonic. It can be seen that the previous rule is well satisfied in our 

device. Despite of the impairment of the phase noise, this ultra-compact device enables the generation of 

high-purity microwave signals even above 20 GHz.  

 

Fig. 2. OMO performance and OFC generation. (a) RF spectrum (linear scale) of the first harmonic centered at 3.87 GHz. (b) Mean 
phase noise of the generated microwave tone (in blue) and its standard deviation (represented by the shadowed area). The phase 
noise at 100 kHz is (-101±1) dBc/Hz for the first harmonic. (c) RF spectra of the generated OFC after photodetection showing the 

different obtained harmonics.  (d) Phase noise of the different harmonics of the OFC with the theoretical phase noise degradation of 
20·log(m) with respect to that of the 1st harmonic.  

Conclusions 

In summary, we have demonstrated a new silicon-chip OMC that can perform as an ultracompact OMO at a 

microwave frequency around 4 GHz. Other microwave frequencies are attainable by tailoring the OMC. 

Notice that our device is a free-running or open-loop OEO: the device generates an RF tone and there is no 

any feedback loop to improve the frequency stabilization. The introduction of a feedback loop will surely 

enable to improve the performance. Our device also operates at ambient conditions of pressure and 

temperature. Noticeably, operation at cryogenic temperatures would improve the phase noise as a result 

of the enhancement of the mechanical Q factor because of the full phononic bandgap in our cavity. In 

addition, the preliminary demonstration of the OFC paves the way towards synthesis of microwave signals 

beyond the generation of pure CW tones. The main advantages of the OMC approach for microwave signal 

processing are its extreme compactness and low weight, highly desirable in space and satellite 

applications, and its compatibility with silicon electronics and photonics technology. 
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