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Abstract: A dispersion-engineered SiC waveguide on a photonic chip simultaneously provides an 
f-2f interferometer and mid-infrared dispersive-wave frequency-comb generation at 120-pJ pulse 
energies. Accurate comb-assisted tunable-laser molecular spectroscopy is demonstrated at 3.6 µm.  
 

1. Introduction 
The mid-infrared spectral region features intense rovibrational transitions in most molecules and as a consequence, 
it is important for fundamental physics, including tests of quantum chemistry, and for applications such as 
environmental sensing. Although frequency comb techniques are available for precision spectroscopy in the mid-
infrared, they often involve complex setups. 
We demonstrate a new approach based on the 4H silicon carbide (SiC) on insulator platform [1,2], which 
dramatically simplifies mid-infrared comb-assisted spectroscopy. SiC is emerging as a powerful integrated-optics 
platform, which features a strong second- and third-order optical nonlinearity, a high refractive index, low losses, 
and a broad transparency range. Here, a dispersion-engineered SiC waveguide excited by a mode-locked laser at 
1560 nm, simultaneously enables frequency comb self-referencing and mid-infrared frequency comb spectral 
broadening. Octave-spanning supercontinuum and second-harmonic generation simultaneously occur in the 
waveguide with a pulse energy of only 120 pJ. The optical part of an f-2f interferometer is therefore directly 
generated on chip and the carrier-envelope offset frequency beatnote fceo can be straightforwardly detected and 
controlled using a fast photodiode. The strong optical nonlinearity of SiC also enables to generate a broad dispersive-
wave frequency comb centered in the 3-4 µm range, region of the fundamental CH, NH, OH stretches in molecules. 
By referencing fceo to an atomic clock, the mid-infrared comb can be used as a frequency ruler, which enables 
straightforwardly absolute frequency measurements at long wavelengths. Precision spectroscopy of methane at 3.6 
µm is experimentally demonstrated. 
 

2. Experiments and results 

 
Figure 1. Experimental setup. SHG: second harmonics generation; DW: dispersive wave; CW: continuous wave; ESA: electrical spectrum 

analyzer; OSC: oscilloscope; HWP: half-wave plate. 

An erbium-doped femtosecond mode-locked laser, centered at 1560 nm, is used to excite the SiC waveguide. The 
laser emits a train of pulses of 70-fs duration at a repetition frequency frep of 100 MHz, locked to a radio-frequency 
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clock. The fundamental TE mode of the waveguide is excited. The dispersion of the waveguide is engineered for 
dispersive-wave generation in the visible and mid-infrared regions. The center wavelength of the mid-infrared 
dispersive wave ranges from 3000 nm to 3800 nm, depending on the waveguide width. The visible dispersive wave 
and second harmonic generation are designed to be centered at 800 nm for the waveguide with 500 nm height and 
1617 nm width. The output spectrum of a 4-mm-length waveguide excited by pulses of an energy of 120 pJ, is shown 
in Fig. 2(a). The carrier-envelope offset frequency fceo is detected a silicon avalanche photo-detector Fig. 2(b) and 
used for locking the comb by retroaction on the current of the pumping diodes of the mode-locked laser. The required 
pulse energy is similar to that reported with other platforms such as lithium niobate [3]. 

The mid-infrared comb produced by the dispersive wave spans over 100 nm at a central wavelength of 3600 nm. 
Soliton-induced dispersive wave generation occurs in SiC at pulse energies as low as 120 pJ, whereas it has been 
reported, e.g. in silicon nitride at pulse energies on the order of 600 pJ [4]. Once the comb is self-referenced as 
described above, the absolute frequency of all mid-infrared comb lines is known. The mid-infrared comb can be used 
as a frequency ruler for calibrating a continuous-wave laser. Here, we use the idler beam of a tunable narrow-
linewidth continuous-wave optical parametric oscillator (OPO). The beatnote between the OPO and one line of the 
mid-infrared comb is detected using a fast HgCdTe photodetector (Fig. 2(c)). The idler beam of the OPO is tuned 
across the mid-infrared rovibrational transitions of methane while its absolute frequency is measured against the 
frequency comb. Experimental spectra and prospects of the techniques will be discussed.  

 
Figure 2 (a) Measured supercontinuum spectrum. The region centered at 800 nm is used for carrier-envelope offset frequency beat detection. 
The region centered at 3600 nm is used to detect the beatnote of one comb line with the idler beam of an OPO. (b) Measured radio-frequency 

(RF) spectrum of fceo. The resolution bandwidth (RBW) is 100 kHz. (c) Measured RF spectrum of the beatnote between one mid-infrared comb 
line and the idler of a narrow-linewidth continuous-wave OPO with 10-kHz RWB.  

 

Funding. Max-Planck Society. Carl-Friedrich von Siemens Foundation. H2020 Marie Skodowska Curie Innovative Training 
Network Microcomb (GA 812818). Munich Center for Quantum Science and Technology funded by the German Research 
Foundation under Germany’s Excellence Strategy – EXC-2111 -390814868. Defense Advanced Research Projects Agency under 
the LUMOS program. IET AF Harvey Prize. Part of this work was performed at the Stanford Nanofabrication Facility (SNF) and 
the Stanford Nano Shared Facilities (SNSF). 

3.  References 
[1] D.M. Lukin, C. Dory, M.A. Guidry, et al. "4H-silicon-carbide-on-insulator for integrated quantum and nonlinear photonics, " Nat. Photonics 
14, 330–334 (2020). 
[2] M.A. Guidry, D.M. Lukin, K.Y. Yang, et al. "Quantum optics of soliton microcombs, " Nat. Photonics 16, 52–58 (2022). 
[3] Y. Okawachi, M. Yu, B. Desiatov, B. Y. Kim, T. Hansson, M. Lončar, and A. L. Gaeta, "Chip-based self-referencing using integrated lithium 
niobate waveguides," Optica 7, 702-707 (2020). 
[4] H. Guo, C. Herkommer, A. Billat, et al. "Mid-infrared frequency comb via coherent dispersive wave generation in silicon nitride nanophotonic 
waveguides, " Nat. Photonics 12, 330–335 (2018).  

SF3D.5 CLEO 2024 © Optica Publishing Group 2024

Authorized licensed use limited to: Zhejiang University. Downloaded on May 10,2025 at 10:42:21 UTC from IEEE Xplore.  Restrictions apply. 


