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ABSTRACT 

Dual comb spectroscopy is a technique that simultaneously enables high signal-to-noise ratio and quasi-

instantaneous measurements of optical spectra. It requires the generation of two mutually coherent optical 

frequency combs, and electro-optical modulation of a monochromatic carrier can be used for this purpose. By 

tuning the applied modulation frequency, it is possible to control the spacing between the lines of the electro-

optical frequency combs (EOFCs), and by changing the input carrier frequency, it is possible to control the 

EOFCs absolute frequencies. On-chip EOFC generators are highly desirable to develop low-cost and low-weight 

dual-comb systems. In this context, silicon photonics is a promising technology, as it benefits from CMOS 

compatible fabrication process. In this work, a demonstration of dual-comb generation is performed, using two 

silicon Mach-Zehnder modulators. The tunablity of the obtained 5 main beat notes was studied for an input 

wavelength ranging from 1530 nm to 1570 nm, and for a driving modulation frequency between 1 GHz and 12 

GHz.  
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1. INTRODUCTION 

Optical frequency dual-comb experiments have raised a strong interest in the fields of spectroscopy and 

ranging [1-3], since these method enable high-speed and precise measurements of optical spectra. When two 

optical frequency combs with slightly different line spacings are combined and applied to a photodetector, the 

resulting beating products between the optical lines create a down-scaled image of the optical spectrum in the 

electrical radio-frequency (RF) domain. The generation of optical frequency combs (OFCs) can be achieved 

using mode-locked lasers, optical non-linearities in micro-resonators (microcombs), or by electro-optical RF 

modulation of a continuous wave (CW) laser beam. While in mode-locked laser based combs and in microcombs 

the OFC line spacing is linked to the cavity resonances, in the case of electro-optical frequency combs (EOFCs) 

the spacing between optical lines (or repetition rate) is determined by the frequency of the applied modulating 

signal. In addition, the EOFC central frequency is defined by the input laser source, and the generation of new 

lines is not limited by optical dispersion as for microcombs. Therefore, EOFCs are tunable, both in line spacing 

and in absolute frequency position, making them advantageous for dual-comb generation. 

Integrated photonics allows the development of novel low-weight and small-footprint dual-comb generators 

for remote spectroscopy and ranging applications [4]. Being compatible with complementary metal-oxide 

semiconductors (CMOS) technology fabrication process and facilities, the silicon on insulator (SOI) platform is 

a suitable platform that permits a combination of photonic circuits with electronics [5].  

This work presents an optical dual-comb experiment, where two EOFCs are generated using silicon Mach-

Zehnder modulators (Si MZMs) based on free-carrier plasma dispersion effect, and an external acousto-optic 

modulator (AOM). The dual comb tunability is studied in terms of central wavelength and repetition rate.  

 

2. MODULATOR DESIGN 

The silicon Mach-Zehnder modulators used for the experimental demonstration were fabricated on 

STMicroelectronics 300-mm SOI technological platform [6]. A 4-mm long PN junction acting as a high-speed 

depletion based phase-shifter is embedded in each arm of a Mach-Zehnder structure, as shown in Fig. 1. Both PN 



junctions are nested together: by connecting the N regions to the same electrical potential, the MZM is working 

in a single-drive push-pull operation. Electrical traveling wave electrodes are contacting the PN junction through 

highly doped regions, in order to reduce the access resistance. The rib waveguides are 300-nm high and 400-nm 

wide and the slab thickness is 50 nm.  

 
Figure 1. Schematic top view of the silicon single-drive push-pull operating MZM. 

The estimated attenuation factor in the phase-shifter is 1.24 dB/mm at 0-V bias, according to a numerical 

simulation based on Soref model. Static measurements of the MZM efficiency showed a half-wave voltage of  

V = 8 V, and a small signal electro-optical bandwidth of 18 GHz was measured for a -6 V bias of both diodes. 

 

3. THE DUAL-COMB EXPERIMENTS 

3.1 Principle and experimental generation. 

The principle of dual-EOFC measurements consists in applying different RF signals with closely spaced 

frequencies fRF and fRF + fRF to each MZM, as shown in Fig. 2, to simultaneously produce and combine two 

EOFCs with slightly different frequency spacings. In the resulting optical spectrum, lines of the first comb are 

found at frequencies f1 + n×fRF, where f1 is the input carrier frequency for the first comb, and n is the comb line 

order, while lines of the second comb are found at frequencies f2 + n×(fRF + fRF), where f2 is the input carrier 

frequency for the second comb. As a result, a line pair can be found for a given order n, and produces a beat note 

at the frequency (f2 - f1) + n×fRF after photodetection.  

 
Figure 2. (a) Schematic of the experimental setup used for the dual-comb generation. A tunable external cavity laser emits a light beam at a 

1.55 µm wavelength. After being amplified by the EDFA, the light beam is split in two paths. In one path, an AOM shifts the laser frequency 

from f1 to f2=f1 + 40 MHz. Two EOFCs are then generated from the silicon MZMs, by applying 8-Vpp RF signals at fRF and fRF + fRF 
frequencies, respectively, to them. Both EOFCs are finally combined and applied to a high-speed photodiode. EDFA: erbium doped fiber 

amplifier, AOM: acousto-optic modulator, Si MZM: silicon Mach-Zehnder modulator. (b) Beat notes experimentally measured on an 

electrical spectrum analyzer after photodetection, labelled with the letter b, numbered from -3 to +3. 

As a first experimental demonstration, a dual comb is generated by applying two 22-dBm (8-VPP) RF signals 

with frequencies fRF = 500 MHz and fRF + fRF = 504 MHz to the silicon MZMs. The input carrier frequency of 

one MZM is shifted by 40 MHz by using an acousto-optic modulator, in order to distinguish beat notes 

originating from the n
th

 order line pair from beat notes originating from the –n
th

 order line pair. The obtained 

spectrum is displayed in Fig. 2(b). The retrieved electrical spectrum shows 7 beat notes labelled from b-3 to b3. 



3.2 Study of the tunability 

One of the main benefits of EOFCs is the possibility to tune the central frequency by changing the input laser 

wavelength, as well as tuning the line frequency spacings, by changing the modulating signal frequency. To 

study the comb tunability in absolute frequency, the external cavity laser source wavelength is swept from 1530 

nm to 1570 nm, and the RF power of beat notes b-2 to b2 is measured at each step of 2.5 nm, as shown in Fig. 

3(a). For this experiment, the modulation frequencies are fixed at 10 GHz and 10.004 GHz, and the applied RF 

input power is 25 dBm (11.2 VPP) on each modulator. The dots correspond to the measurements while the 

continuous lines correspond to quadratic fits. Interestingly a similar evolution with the wavelength is seen for 

every beat-note, which is due to the grating couplers transmission. It can be noted that the accessible 

measurement range is limited by the bandwidth of the EDFA.  

 

 
Figure 3. (a) RF power of the five main beat notes while the input wavelength is swept from 1530 nm to 1570 nm. The symbols correspond to 

the measurements while the continuous curves are quadratic fits. (b) RF power of the five main beat notes while the modulation frequency fRF 

is swept between 1 and 12 GHz, the difference between both modulation frequency fRF being kept constant at 4 MHz. 

The tunability in modulation frequency is then studied around a fixed wavelength of 1550 nm. The 

modulation frequency fRF is swept between 1 and 12 GHz (Fig. 3 (b)), while the slight difference between both 

driving signals frequency is kept constant at 4 MHz. The highest frequency (12 GHz) is imposed by the driving 

RF amplifiers bandwidth.  

The RF power applied to each MZM is set to 24 dBm (10 VPP). All beat notes appear steady over the scanned 

range, which is compatible with a modulator electro-optical bandwidth of 18 GHz. These results prove the 

suitability of Si MZMs for EOFC-based dual comb applications. 

4. CONCLUSIONS 

Dual-comb experiments are reported, using EOFC generated from two silicon single-drive push-pull MZMs.  

7 beat notes were observed in the electrical spectrum after photodetection. The dual-comb tunability in 

wavelength is tested between 1530 nm and 1570 nm, and is limited only by the bandwidth of the grating 

couplers and of the EDFA. Finally, a measurement of the 5 main beat notes is reported for a modulation 

frequency spanning from 1 GHz to 12 GHz, showing a good stability over this range. These results pave the way 

towards the use of silicon MZMs as low-weight and low-cost EOFC generators for flexible dual-comb 

applications.  
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