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Introduction

The mid-IR spectral range exhibits strong and well distinct fundamental absorption lines of numerous gas molecules, and is therefore known as the "molecular fingerprints" region [1]. Mid-IR spectroscopy can be thus successfully employed for detecting numerous important gases such as carbon monoxide (CO) and methane (CH4).

The simultaneous detection of multiple gas species requires broadband mid-IR light sources such as a supercontinuum (SC), but commercial mid-IR technology is still relatively bulky and expensive. On the contrary, SC generation in integrated group IV waveguides would allow to leverage the well-developed microfabrication technologies for low cost and mass production of broadband spectroscopy devices.

A SC can be generated either in the anomalous or all-normal dispersion regime. In the former case it is possible to generate ultra-broad spectra, but with poor flatness and phase coherence. In the latter the generated spectra exhibit a narrower bandwidth, but superior properties in terms on flatness and coherence. Our group demonstrated SC generation in SiGe-on-Si waveguides both in the anomalous, all-normal dispersion regime and a mix of them [START_REF] Sinobad | Mid-infrared octave spanning supercontinuum generation to 8.5 μm in silicon-germanium waveguides[END_REF][START_REF] Sinobad | Mid-infrared supercontinuum generation in silicon-germanium all-normal dispersion waveguides[END_REF][START_REF] Sinobad | Dispersion trimming for mid-infrared supercontinuum generation in a hybrid chalcogenide/silicon-germanium waveguide[END_REF][START_REF] Torre | Mid-infrared supercontinuum generation in a varying dispersion waveguide for multi-species gas spectroscopy[END_REF].

Depending on the spectroscopy technique (e.g. dual-comb spectroscopy and coherent Raman spectroscopy), one or the other may be more desirable. However, the waveguide dispersion profile is usually set at the moment of fabrication and cannot be modified a posteriori. A convenient way to control SC properties is exploiting birefringent waveguides that operate in different dispersion regimes for different pump pulse polarizations. Extreme polarization-dependent SC generation has been already demonstrated in chalcogenide [START_REF] Yu | Experimental demonstration of linearly polarized 2-10 μm supercontinuum generation in a chalcogenide rib waveguide[END_REF] and SiN [START_REF] Tagkoudi | Extreme polarization-dependent supercontinuum generation in an uncladded silicon nitride waveguide[END_REF] waveguides, but their practical use for large scale spectroscopy devices would be limited by difficult mass production for the former, and limited spectral coverage in the mid-IR for the latter. Here, we demonstrate mid-IR supercontinuum generation in a birefringent SiGe-on-Si waveguide, and we show that, by changing the pump polarization, we can simultaneously control the spectral and the coherence properties of the generated spectra.

Waveguide design and supercontinuum generation

We designed a 2.2 cm long, 3.75 μm wide, and 3.2 μm thick air-clad SiGe-on-Si waveguide (fig. 1a) to achieve allnormal dispersion in TM polarization and a low anomalous region between ~3.8 and ~5.15 µm in TE polarization (fig. 1b). This design also allows to achieve single mode operation beyond 3.5 µm in both polarization and low mode effective area below 10 µm 2 , with mode confinement greater that 98.5% between 2.5 and 5.5 μm in both polarizations. The photonic chip was fabricated at CEA-Leti using standard epitaxy and lithography processes [START_REF] Sinobad | Mid-infrared octave spanning supercontinuum generation to 8.5 μm in silicon-germanium waveguides[END_REF]. Corresponding simulated SC and first-order coherence g (1) (top, blue line). (c) Bottom: measured SC in TM polarization for increasing coupled peak power; top: measured SC in TM polarization for the maximum power (5.6 kW coupled peak power, 37.5 mW coupled average power). (d) Corresponding simulated SC and first-order coherence g (1) (top, blue line). Simulations were performed by solving the nonlinear Schrödinger equation, as described in [START_REF] Sinobad | Mid-infrared octave spanning supercontinuum generation to 8.5 μm in silicon-germanium waveguides[END_REF].

We pumped our waveguide with a pulsed OPA laser source operating at 3.9 μm with a repetition rate of 63 MHz and ~200 fs pulse duration. Fig. 2a and 2c show the measured spectra at the waveguide output for different pump powers in TE and TM polarization, respectively. In TE polarization the generated SC extends over more than one octave (from 2.4 to 5.6 µm), but exhibits low spectral flatness. In TM polarization, the spectrum covers a narrower band (from 2.8 to 5.5 µm), but the spectral flatness is improved. The dips at around 2.8 and 4.2 µm are due to the absorption from water vapor and CO2 in the atmosphere. The spectra are relatively well reproduced by simulations (fig. 2b and2d). We can also note that, in the case of TE polarization, the first-order coherence (calculated following the procedure described in [START_REF] Sinobad | Mid-infrared supercontinuum generation in silicon-germanium all-normal dispersion waveguides[END_REF]) is severely degraded (fig. 2b 

Conclusion

We experimentally demonstrated mid-IR SC generation in a birefringent SiGe-on-Si waveguide. The spectra exhibit different properties for different input pulse polarization. Our results show the potential of birefringent waveguides for flexible and small footprint spectroscopy devices.
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 1 Fig 1. (a) Waveguide's cross-section and (b) dispersion profile of the TE (blue solid curve) and TM (green dash-dotted curve) polarization modes. The grey area indicates the anomalous dispersion band of the TE mode. The red dotted line indicates the pump wavelength.

Fig 2 .

 2 Fig 2.(a) Bottom: measured SC in TE polarization for increasing coupled peak power; top: measured SC in TE polarization for the maximum power (6 kW coupled peak power, 40 mW coupled average power). (b) Corresponding simulated SC and first-order coherence g(1) (top, blue line). (c) Bottom: measured SC in TM polarization for increasing coupled peak power; top: measured SC in TM polarization for the maximum power (5.6 kW coupled peak power, 37.5 mW coupled average power). (d) Corresponding simulated SC and first-order coherence g(1) (top, blue line). Simulations were performed by solving the nonlinear Schrödinger equation, as described in[START_REF] Sinobad | Mid-infrared octave spanning supercontinuum generation to 8.5 μm in silicon-germanium waveguides[END_REF].

  top, blue line), whereas in TM polarization a high degree of coherence is maintained across the whole spectrum (fig. 2d top, blue line).
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