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The evolution of diode laser sources for optical communications 
during the last years led to commercial availability of devices which 

are suitable for gas absorption spectroscopy in the near and mid 
infrared

Tunable diode laser absorption spectroscopy 
(TDLAS) 

It is one of the most common techniques to analyze
the concentration and constituents of gases 

(methane, water vapor,…)
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I) Laser tuning by either adjusting their temperature or by changing injection current

- T changes allow tuning over 100 cm−1, limited by slow tuning rates (a few hertz)

- I changes can provide tuning at rates as high as ~10 GHz, but it is restricted to a
smaller range (about 1 to 2 cm−1
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A fiber pigtailed DFB laser. The butterfly
casing is very common in the
telecommunications environment,
usually provided with built in TEC
element, temperature sensing
thermistor and reference photodiode
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T laser from 0°C  to 40°C

I  laser from 20 mA  to 200 mA
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Optical response of tunable laser to
changes of current / voltage



Can Science Save the Earth? – Naples – March 23-27, 2025 12

TDLAS Technique
  
where,

T = I / I0 = exp(-s l N)Transmittance T is given by
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1f and 2f harmonics
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- Detailed greenhouse gas (GHG) emission estimation requires extensive atmospheric   
     concentration measurements of regions with high GHG emissions (cities, airports, power
      plants …..)

- Calculation of the emissions from these specific locations has large uncertainties due to insufficient 
emission monitoring 

- The installation and operation of ground-based stations are considered an optimal solution for 
detecting and monitoring GHG concentrations 

- Robust, reliable, easy-to-maintain, remotely-operated instruments detecting GHG in the atmosphere 
are essential to survey GHG concentrations in the atmosphere from places with high emissions

- These instruments must have low detection limits and high accuracies to measure global variations 
of GHG concentrations. In particular, their accuracy must be in the range of sub-ppm for carbon 
dioxide (CO2) detection and a few ppb for methane (CH4) detection.
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Open-path TDLAS is a flexible, cost-effective sensing technology for measuring selected target gases in 
complex mixtures associated with evolving modern industrial applications 

The instrument detects the back reflection of the laser beam from any topographic target.
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For future CUBESat applications further important 
technological improvements are requested:

- Larger light receivers

- High power tunable laser diodes (now P < 200 mW)

- High sensitivity/low noise  IR sensor at l > 1.5 um
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THANKS!


