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Abstract: A 1.3 W, narrow linewidth source at 1.57 µm for Scheimpflug DIAL was developed. It 

was tunable from 1570.859 nm to 1573.068 nm with a 2.9 MHz linewidth, and used for CO2 

measurements. 

OCIS codes: (280.1910) DIAL, differential absorption lidar; (140.3280) Laser amplifiers; 

(140.3600) Laser, tunable; (060.2320) Fiber optics amplifiers and oscillators. 

1. Introduction 

Due to the rapid growth of fossil fuel consumption, controlling carbon emission has been one of the biggest climate 

challenges over recent decades. As a result, technologies and systems for remote sensing and monitoring of 

atmospheric gases such as CO2, H2O and O3 are proposed and developed. Among all, high resolution CO2 vertical 

distribution detection by differential absorption light detection and ranging (DIAL) is of great interest because of its 

high measurement accuracy and adaptability in different scenarios [1,2]. Conventional DIAL uses backscattered 

echoes from the optical pulses transmitted into the atmosphere to resolve the CO2 distribution. To avoid the instability 

and complexity of tuning a pulsed system, CW DIAL based on the Scheimpflug principle has recently been introduced 

[3,4]. It was successfully used to measure the oxygen concentration at 760 nm region within a 635-meter distance [3], 

which shows the great potential of this technology. The key component of CW DIAL is a high power narrow linewidth 

laser with rapid wavelength tunability. 

Here we demonstrate a simple and robust narrow linewidth, tunable source at 1.57 µm for CW DIAL. The laser 

source produced 1.3 W output power, tunable from 1570.859 nm to 1573.068 nm with a linewidth of 2.9 MHz. Five 

sharp peaks were successfully observed in CO2 absorption measurement, which makes the source applicable for CW 

DIAL system for CO2 sensing at 1.57 µm. 

2. Experimental setup 

As illustrated in Fig. 1(a), the source is based on a distributed feedback (DFB) seed laser (QDFBLD-1580-20, 

QPhotonics) which is amplified by an 11-meter-long double-cladding Er:Yb co-doped fiber (SM-EYDF-6/125-HE, 

Nufern), pumped by a 975 nm diode (LU0975T090, Lumics). Isolators were placed after the seed laser and the 

amplifier to prevent back reflections. Altering the driving current to the seed diode allows for tuning of the wavelength. 

The power level of seed and the amplifier at different wavelengths for a constant pump power of 5 W is shown in Fig. 

1(b). It is interesting to see that the amplifier output changed by only 3.7%, even though the seed power was adjusted 

by almost 58%. The linewidth of the seed laser and the amplifier output is measured to be 3.1 MHz and 2.9 MHz 

respectively, by a Fabry Pérot Interferometer (FPI-100-1500-1, Toptica Photonics) with 1 GHz FSR. 
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Fig. 1. (a) Experiment setup for CO2 absorption measurement; (b) Output power at different wavelengths for seed laser and amplifier. 

 



3. Result and Discussion 

Wavelength tuning of the amplifier was achieved from 1570.859 nm to 1573.068 nm by adjusting the driving current 

of the seed laser from 50 mA to 160 mA, as shown in Fig. 2(a). Over the entire tuning range, the output from the 

amplifier has a signal-to-noise ratio exceeding 30 dB, which could be observed in the inset of Fig. 2(a). 
 

 
Fig. 2. (a) Amplifier output spectrum when seed laser is driven from 50 mA to 160 mA; (b) Transmission data of amplified 1.57 µm source 

measured through the CO2 cell (black) and absorption data from HITRAN (red). 

The source was used for CO2 absorption spectroscopy by launching the output into a 56-cm long CO2-filled gas 

cell at atmospheric pressure. The power was recorded after the cell and calibrated by the output power of the amplifier 

while the wavelength was tuned from 1571.500 nm to 1573.068 nm. The pump power of the amplifier was kept 

constant at 5 W during the whole measurement. The system works at room temperature with the seed laser temperature 

stabilized at 25 oC. Five absorption peaks can be clearly observed in Fig. 2(b). A 0.07 nm wavelength-shift between 

transmission data (black curve) and the HITRAN data was observed as well [5]. This is attributed to the offset in the 

calibration of the spectrometer, but it will not affect the use of this light source in the DIAL application. 

Presently long range (up to 2 km) CO2 Scheimpflug DIAL measurements are pursued and the results will be 

presented at the workshop. 
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