
Digital electronics platform-based supercontinuum light 

detection for mid-infrared trace gas sensing 
 

S. Chin1, S. Denis1, J.V. Zaen1, E. Muntané1, A. Khodabakhsh2, F. J. M. Harren2, P. Bowen3, 

S. Schröder4, H. Martin4, S. Lecomte1 and L. Balet1 
1Centre Suisse d’Electronique et de Microtechnique SA (CSEM), CH-2002 Neuchâtel, Switzerland 

2Trace gas Research Group, IMM, Radboud University, Nijmegen, the Netherlands 
3NKT Photonic A/S, DK-3460 Birkerød, Denmark 

4SenseAir AB, 82060 Delsbo, SWEDEN  
sanghoon.chin@csem.ch 

 

Abstract: We present a digital platform-based lock-in detection scheme to improve the gas sensing 

performance of a spectrometer. A numerically-controlled oscillator serves as reference clock to 

trigger the supercontinuum source and to demodulate the detector signal.  

 

1. Introduction 

The development of mid-infrared (MIR) light sources has attracted increasing attention and in particular for air 

quality monitoring. Indeed, air pollution is presumed to be one of the largest risk factors for premature death 

according to the WHO (World Health Organization) statistics. To date, many different types of techniques to generate 

MIR light sources have been investigated such as optical parametric oscillators [1], quantum cascaded lasers [2,3] 

and supercontinuum (SC) lasers [4]. Among them, ultra-bright MIR supercontinuum light sources provide a crucial 

advantage over other sources such as uniform distribution of spectral power density over a broad spectral window 

with high spatial coherence. However, due to the noise that occurs during the nonlinear spectral broadening process 

[5], a specific detection scheme such as lock-in amplifier and/or balanced detection are favorable to improve the 

sensitivity of trace gas sensing for minute gas measurements [4].  

In this paper, we have successfully demonstrated a MIR SC trace gas sensing system based on a digital lock-in 

amplifier, using a cost-effective field programmable gate array (FPGA)-based electronics platform. A numerically-

controlled oscillator (NCO) was generated by the FPGA and used as reference clock for the generation of SC light; 

hence, the NCO frequency is equal to the SC pulse repetition rate. The NCO also served to demodulate the electrical 

signal at the detector output for the homodyne detection process, followed by a numerical low-pass filter to reject 

the system noise as well as the intrinsic 2nd harmonic component.  

2. Experiments and Results 

Figure 1(a) depicts the simplified schematic diagram of the digital lock-in amplifier-based MIR SC trace gas sensing 

system. The supercontinuum light source was seeded by an amplified gain-switched diode laser with a center 

wavelength of 1.56µm and a repetition rate of 200 kHz. Then, the high-power pulsed light went through a couple of 

different nonlinear fibers to broaden the laser spectrum up to ~4.5 µm.   

Thanks to the high flexibility of the implementation of FPGA-based digital electronics, the reference clock 

(referred to as NCO) at 200 kHz was numerically generated by a FPGA and the electrical output signal of the detector 

was efficiently demodulated at 4 different frequencies: fundamental frequency and its 3 higher order harmonics. The 

number of harmonics for the demodulation was practically limited by the 1 MHz bandwidth of the detector. The 

demodulated signal was then filtered by numerically reconfigurable impulse response low-pass filter at 100 kHz to 

improve the signal-to-noise ratio. In turn, the sum of the 4 demodulated signals averaged over 50 ms was acquired 

as a transmission power at each grating angle. 

The collimated SC beam was first sent to a 12m-long multipass cell (MPC) to enhance the light-molecule 

interaction for accurate target gas monitoring. Then, the 1st order diffracted light from a blazed grating with 

450 lines/mm was focused on the detector, resulting in the spectral resolution of 1.15 cm-1 in wavenumber. 

Considering the following parameters: the free space beam path length of 36 cm between the grating and the detector 

and the grating dispersion of 27.9nm/m°, we could calculate that a 10 m° grating rotation will induce a geometrical 

beam shift of 60µm, corresponding to a spectral shift of 0.34cm-1. Accordingly, a 50µm slit was placed in front of 

the detector to precisely monitor the spectral power density of the light source while preserving the spectral resolution 

of the spectrometer. Overall, the grating was scanned from 305° to 350° by a step of 10mdeg to obtain the full 

spectrum of the SC light, as illustrated in Figure 1(b). The strong amplitude oscillation at ~318° position represents 

the presence of water vapor at ~2640 nm. 



 
Figure 1. (a) Simplified schematic diagram to realize a digital lock-in amplifier-based MIR SC trace gas sensing system. MPC: multi-pass cell, 

PC: personal computer. (b) Transmission profile as a function of the grating rotation angle, representing the power spectrum of the supercontinuum 
light source.  

Figure 2(a) illustrates the trace gas sensing result for the ambient air in our laboratory while scanning the grating 

from 324° to 330° by 10m° step, equivalent to 3000cm-1 to 3300cm-1. Thanks to the inherent fingerprint of water in 

the air, the grating rotation angle could be accurately calibrated to the wavenumber, using 9th order polynomial 

equation. In turn, by fitting the measured absorbance spectrum to a model spectrum calculated from the HITRAN 

database, the concentration of both methane and water vapor was simultaneously retrieved. It resulted in the 

atmospheric concentration of methane at 2.74ppm in our laboratory. To validate the accuracy of our MIR SC gas 

sensing system, the MPC was fed by the methane flow at 50ppm that is diluted by nitrogen. As expected, the 

concentration of the methane was accurately measured to be 49.88ppm while the water content inside the MPC was 

significantly reduced to 0.02% from 0.98% due to the nitrogen purging effect, as shown in Figure 2(b). In addition, 

the residual from the fitting manifests the good matching between the measurement and model.   

 
Figure 2. (a) Measured absorbance spectrum and fitting results for the ambient laboratory air. (b) Measured absorbance spectrum and fitting result 

for the methane at 50ppm diluted by nitrogen.   

3. Conclusions 

We have successfully demonstrated the implementation of a digital lock-in amplifier detection technique in a 

compact and cost-effective FPGA and by using several harmonics demodulation to a MIR SC spectrometer. The 

instrument was capable to monitor simultaneously atmospheric methane and water vapor with good accuracy.  
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