N

N

Broadband and flat mid-infrared supercontinuum
generation in a varying dispersion waveguide for parallel
gas spectroscopy
Alberto Della Torre, Rémi Armand, Milan Sinobad, Kokou Firmin Fiaboe,
Barry Luther-Davies, Stephen Madden, Arnan Mitchell, Thach Nguyen,

David Moss, Jean-Michel Hartmann, et al.

» To cite this version:

Alberto Della Torre, Rémi Armand, Milan Sinobad, Kokou Firmin Fiaboe, Barry Luther-Davies, et
al.. Broadband and flat mid-infrared supercontinuum generation in a varying dispersion waveguide

for parallel gas spectroscopy. Conference on Lasers and Electro-Optics, May 2022, San Jose (USA,
Californie), France. 10.1364/CLEO__SI1.2022.SM4K.7 . hal-03998304

HAL Id: hal-03998304
https://hal.science/hal-03998304
Submitted on 21 Feb 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-03998304
https://hal.archives-ouvertes.fr

Broadband and Flat Mid-Infrared Supercontinuum
Generation in a Varying Dispersion Waveguide for
Parallel Gas Spectroscopy

Alberto Della Torre”, Rémi Armand®, Milan Sinobad®, Kokou Firmin Fiaboe?, Barry Luther-Davies®,
Stephen Madden®, Arnan Mitchell?, Thach Nguyen?, David J.Moss*, Jean-Michel Hartmann®, Vincent

Reboud®, Jean-Marc Fedeli®, Christelle Monat', Christian Grillet"
*Institut des Nanotechnologies de Lyon (INL), Université de Lyon, 69134 Ecully, France
2School of Engineering, RMIT University, Melbourne, VIC 3001, Australia
®Quantum Science and Technology, The Australian National University, Canberra, ACT 2600, Australia
“Optical Sciences Centre, Swinburne University of Technology, Hawthorn, VIC 3122, Australia
®Université Grenoble Alpes, CEA-Leti, 38054 Grenoble Cedex 9, France
*alberto.della-torre@ec-lyon.fr

Abstract: We report optimized mid-infrared supercontinuum generation in a silicon-germanium on
silicon waveguide with varying dispersion. We employ the generated supercontinuum for a proof-
of-principle demonstration of free-space parallel gas spectroscopy.
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1. Introduction

Mid-infrared (MIR, from 3 to 13 um) supercontinuum (SC) sources are of great interest for high precision and high
throughput spectroscopy [1,2]. The MIR band is known as the molecular fingerprint region. Many important
molecules(e. g. pollutants and greenhouse gases) have fundamental roto-vibrational modes absorbing in the MIR
region. Therefore, molecule detection and spectroscopy in the MIR can have orders of magnitudes higher sensitivity
than in the near-infrared and visible regions, where only weak overtones of the fundamental absorption lines are
present. However, commercial MIR technology is still relatively bulky and expensive. The last ten years have seen
a quest to develop compact and cheaper sensing and spectroscopic devices with high performances. An integrated
MIR SC is an ideal source for such devices, since it can provide broadband, fast, and high resolution measurements.

Germanium-based waveguides are particularly interesting for integrated MIR SC generation, since they
combine a wide transparency window in the MIR (up to 8.5-13 um, depending on the germanium content) [3], and
high nonlinearity [4]. In addition, the use of group IV materials is particularly important for future commercial
applications, since it allows to leverage the well-developed microfabrication technologies of the electronic industry
for cost-effective mass production of the final devices. In the last years, we have demonstrated SC generation in
silicon-germanium and pure germanium waveguides [5,6], as well as the ability to control the properties of the
generated SC [7-9]. SC generation in silicon-germanium waveguides covering the entire molecular fingerprint
region has also been demonstrated [10]. The properties of the generated SC strongly depend on the group velocity
dispersion profile of the underlying waveguide. Typically, a waveguide pumped in the anomalous dispersion region
generates a broader SC with, however, low spectral flatness and poor coherence. On the other hand, high spectral
flatness and coherence can be achieved in a waveguide operating in the all-normal dispersion regime, but at the cost
of reducing the SC bandwidth. High resolution, multi-species parallel absorption spectroscopy would greatly
benefit from a SC that combines high spectral flatness and a broad spectral coverage, i.e. from a design that allows
to overcome this trade-off.

Here, we employ an air-clad silicon-germanium on silicon (SiGe/Si) two-stages inverse-tapered waveguide to
enhance the efficiency, the spectral flatness, and the spectral coverage of our SC. We harness the spectral quality of
our SC for a proof-of-principle demonstration of parallel free-space spectroscopy of water vapor and carbon
dioxide.

2. Supercontinuum Generation and Parallel Gas Spectroscopy

Our waveguide consist of a 3.3 um thick air-clad SiyGeg 4 core on a silicon substrate (fig. 1a). At the input side, the
waveguide is 3.25 pum wide and has a 3 mm long straight section, followed by an inverse-tapered section which
increases the waveguide width up to 9 um at the output side. We pumped the waveguide at 3.9 um, in the
anomalous dispersion regime (fig. 1b, blue curve), with 200 fs pulses at 63 MHz repetition rate at 60 mW average
power. The top part of figure 1c shows the generated SC, recorder with a Fourier transform interferometry based
optical spectrum analyzer. The small cross straight section at the input enhances the efficiency of the nonlinear



(@) ) 9um (€) a5
-40
2 .45
g -50
=]
a.
-55
-60 . S ]
(b) 5 2 2.5 3 . 35 4 / 4.5~ 7775 5.5
4 .. Wavelength (um) ey
£ ; ‘
X 0F e Exp. ¢
E S d g ! J-WWM lnww |
£ \ [ W=3.25 um \ i S Mwﬁ I WU, "‘J‘-AI‘WAM
a \[—W=3.75um 5 5 0 ‘P T ” T T ‘ LA
& 507 W=4.5 ym @ 2 ‘ “‘ ] ‘
a —W=6 pum 'é 'é 1 k |
— W=8.5 um i HITRAN - |
-1002 3 4 5 6 7 2.5 2.6 2.7 2.8 29 4.2 4.25 4.3 4.35
Wavelength (um) Wavelength (um) Wavelength (um)

Fig. 1. (a) Schematic of the SiGe/Si waveguide. (b) Dispersion profile for selected waveguide widths. (c) Experimental SC (top), absorbance of
water vapor (bottom left) and carbon dioxide (bottom right) as retrieved from the measured spectrum (blue) and from the HITRAN database
(red). The latter was inverted for clarity.

spectral broadening, which is maximized by the anomalous dispersion profile. The inverse-tapered section allows to
continuously shift the position of the two zero dispersion wavelengths (fig. 1b), and therefore the spectral location
of the generated dispersive waves, resulting in a flat and broadband spectrum. The SC extension at the long
wavelength side is limited by the detection band of our spectrum analyzer, which is sensitive up to 5.5 um. The
absorption from water vapor and carbon dioxide in the free-space path between the waveguide output and the
spectrum analyzer are clearly visible in the spectrum. In particular, the improved spectral flatness in the 2.5-3 um
region, resulting from our particular design, allows to well resolve the absorption lines of water. The bottom part of
figure 1c shows the absorbance of water (left) and carbon dioxide (right) as retrieved from our measurements (blue)
and compared to the HITRAN database (red). The agreement is relatively good, and it is limited by the resolution,
of our spectrum analyzer.

3. Conclusion

In conclusion, we have demonstrated efficient MIR SC generation in a SiGe/Si waveguide. The waveguide was
designed to generate a broadband and flat spectrum. We harnessed the spectral quality of our SC for a proof-of-
principle demonstration of multi-species parallel gas spectroscopy.
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