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We experimentally demonstrated a mixed Kerr and Raman frequency comb in a 4H-silicon carbide
(SiC) microresonator. The achieved frequency comb spectrum is in the range from ~1440 to 1960 nm
at an on-chip power of ~350 mW. The Raman generation in SiC helps to extend the comb bandwidth
over the longer wavelength region.

The development in frequency comb technology has significantly attracted research interests for its
potential in out-of-lab commercial applications [1]. To date, frequency combs have been vital key
elements for applications including communication [2], LIiDAR [3], frequency synthesizer [4] and
dual-comb spectroscopy [5], etc. Moreover, broadband frequency combs with low power consumption
and low noise are the fundamental requirements for the photonics integration and led to the
development of a variety of material platforms, including Silica [6], Si [7], SisN4 [8], AIN [9], LiNbO3
[10], AlGaAs [11], and SiC [12].

The SiC material has recently emerged as a promising material platform for photonics and nonlinear
optics due to its excellent optical and nonlinear properties. SiC has a wide bandgap (2.2 eV to 3.4 eV)
and low two photon absorption (TPA), high thermal conductivity, wide transparency window (visible
to mid-infrared) regions and high refractive index of 2.6 at telecom wavelength, enabling strong light
confinement [13]. In addition, SiC has not only strong third-order () but also possess second-order
(%) non-linearities making it significant platform for meteorology applications.

In this work, we employ a 4H-SiC microresonator with a radius of 36 um and cross-section of
1.0x0.63 um? (widthxthickness), shown in the schematic of Fig. 1(a). The device was made of Cree
4H-SiC and fabricated using a similar process as discussed in Ref. [13]. Inverse tapers were
successfully implemented by polishing the two facets of SiC, achieving a total insertion loss <10 dB.
As shown in Fig. 1(b), the simulated integrated dispersion (Din) is calculated using Comsol,
considering a sidewall angle (6) of 80° and center pump wavelength near 1566 nm. Figure 1(c) shows
the normalized resonance of fundamental transverse electric mode (TEgy) near 1566 nm. The free
spectral range (FSR) is around 473 GHz and the extracted intrinsic quality factor (Qin) is 0.3 million
(the lower Q compared to the results in Ref. [13] was mainly due to smaller ring widths). The inset of
Fig. 1(c) is a microscopic image of one of the devices.

The Santec TSL-510 laser light is amplified using an erbium-doped amplifier (EDFA) and launched
into the 4H-SiC microresonator using the lensed fibers to excite the frequency comb and spectrum is
recorded using optical spectrum analyzer (OSA). Here we set the amplifier’s output power to ~900
mW i.e., 350 mW in waveguide and tune the laser wavelength from blue to red position on the pump
wavelength (~1566 nm). As shown in the Fig. 1(d), we observe the stokes at the Raman shift of 775.8
cm™ which corresponds to the phonon E»(TO) [14] and by further tuning the laser wavelength Raman
and four wave mixing (FWM) Kerr comb is achieved in the wavelength range of ~1440 to 1960 nm,
respectively. The results are of interest in the further study of on-chip Raman laser in the 4H-SiC
platform and for applications such as biological and spectroscopy.

This work was funded by the European Union’s Horizon 2020 FET Open (SiComb, No. 899679) and
VILLUM FONDEN (VIL50293).
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Fig. 1. (a) Schematic of the 2D cross-section of 4H-SiC microresonator waveguide embedded in SiOa.
(b) Using COMSOL multiphysics, integrated dispersion (Din) is calculated of TEq mode using
microresonator waveguide width of 1 um and radius of 36 um. (c) Zoomed-in view of the fitted (red)
TEoo resonance mode. Inset is the microscopic image of one of the devices. (d) Recorded Raman and
Kerr comb spectrum at in-waveguide power of 350 mW.
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