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In the mid-wavelength infrared band (MWIRat 3 -8µm), most chemical and biological compounds exhibit strong and unique absorption features allowing for molecular detection applications [START_REF] Zhang | Nonlinear group IV photonics based on silicon and germanium: from nearinfrared to mid-infrared[END_REF]. Reliable molecular detection requires a MWIR laser source with adequate output power that is either widely tunable or yields a broadband emission to cover the whole MWIR band of interest. Supercontinuum generation in highly nonlinear waveguides is an attractive solution as it allows, in contrast to QCLs [START_REF] Yao | Mid-infrared quantum cascade lasers[END_REF], for reliable molecule detection by assessing simultaneously distinct molecular absorption lines. The challenge is to achieve a supercontinuum MWIR source on a CMOS compatible chip in order to leverage the associated mature fabrication process towards mass and cheap production. To date, supercontinuum generation in the MWIR has been achieved in CMOS platforms such as Si/SiO 2 [START_REF] Lau | Octave-spanning mid-infrared supercontinuum generation in silicon nanowaveguides[END_REF] or SiGe/SiO 2 [START_REF] Ettabib | Broadband telecom to mid-infrared supercontinuum generation in a dispersion-engineered silicon germanium waveguide[END_REF] from 1.5 to 3.7μm and in Si/Al 2 O 3 [START_REF] Singh | Midinfrared supercontinuum generation from 2 to 6 um in a silicon nanowire[END_REF] from 1.9 to 5.5μm, but these are all intrinsically limited, on the long wavelength side, by absorption in the silica and sapphire substrate, respectively.

Here, we demonstrate the generation of 1.4 octave spanning supercontinuum in the MWIR from 2.6 to 7.3μm with a useful on-chip average power greater than 7mW by pumping dispersion engineered silicon germanium waveguide [START_REF] Carletti | Nonlinear optical response of low loss silicon germanium waveguides in the mid-infrared[END_REF][START_REF] Carletti | Mid-infrared nonlinear optical response of Si-Ge waveguides with ultra-short optical pulses[END_REF]. Our waveguide consists of a 4.2μm thick and 4.5μm wide Si 0.6 Ge 0.4 ridge with a top air cladding that seats on a silicon substrate (see inset Fig. 1b). Although the waveguide is multimode at 4.15μm, the air clad design with a large SiGe cross-section (effective area of ~10.5µm 2 for both TE and TM modes) results in low anomalous dispersion (in TE and TM) across a large bandwidth (see figure 1a), a cut-off wavelength of 7.7 and 8.2µm for TE and TM polarization respectively, a strong mode confinement in the waveguide core material (>98 % at 4.15µm) and a reduction of the contribution from surface roughness to the propagation loss. The waveguide propagation loss was first measured using a cut-back method, by probing the waveguide under relatively low average power (<1mW) with 7.5ps pulses at 20MHz repetition rate. The negligible effect of the field interaction with the waveguide surface roughness at the air/SiGe interface is confirmed by the low (~0.4dB/cm) propagation loss measured across a wide wavelength range between 3.8 -5.0µm. The minimum value is 0.32dB/cm at 5µm for the TM mode. In summary, we report supercontinuum generation from a silicon germanium-on-silicon platform covering almost the whole mid-wavelength infrared, where most molecules in atmosphere have relevant fingerprints. The generated on-chip supercontinuum MWIR power and bandwidth exceed that produced so far by other Si-based platforms that are intrinsically limited by the silica or sapphire substrate absorption. This establishes silicon germanium-on-silicon as a promising platform for integrated nonlinear photonics in MWIR, with the potential to extend the operating range beyond 8µm.

Figure 1 a

 1 Figure 1 a) Calculated TE (blue) and TM mode (red) group velocity dispersion (GVD) and confinement of the mode field in the waveguide core (dashed lines), black arrow indicate pump wavelength, blue and red arrows indicate the cut-off wavelengths of TE and TM mode, respectively, b) Measured propagation loss for TE (blue) and TM mode (red), schematic of an air clad SiGe waveguide as an insert.

Figure 2

 2 Figure 2 Output spectra measured at different average coupled power for TE mode a) and TM mode b) Coupled average power is calculated assuming 4dB and 4.5dB coupling loss for TE and TM mode, respectively Supercontinuum was then achieved by pumping the waveguide with ~200fs pulses delivered from a mid-infrared MIROPA-fs optical parametric amplifier at a repetition rate of 63MHz. Using a 7cm long waveguide pumped at 4.15μm close to the first zero-dispersion wavelength, we obtained the spectra shown in Fig 2a (TE polarization) and 2b (TM polarization) for average coupled powers increasing from ~1mW to 30mW. At 27.1mW, we measured a supercontinuum spanning 1.4 octaves, from 2.59 to 7.26μm at -30 dB level for the TE polarization. Assuming ~4 dB coupling loss per facet, the on-chip generated supercontinuum power is 7.5±1mW for 27.1mW coupled average power. When pumping the TM mode, where dispersion is lower and the cut-off wavelength is slightly shifted toward longer wavelengths, a supercontinuum with a bandwidth exceeding 2.7 to 7.9μm at the -30 dB level was achieved. Besides, the output spectrum measured for the TM mode is relatively smooth with a large -10dB bandwidth from 3.0 -7.4μm.
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