Development and Applications of Mid- Infrared and THz Laser based Gas Sensor Systems 
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Abstract: Recent advances of sensor systems, based on mid-infrared interband cascade lasers (ICLs) for the detection of trace gas species and their application in atmospheric chemistry, medical diagnostics, life sciences, petrochemical industry, and national security will be reported[1] . Your abstract should be an explicit summary of the paper that states the problem, the methods used, and the major results and conclusions. 
Semiconductor lasers, quantum cascade (140.5965) Laser Sensors; (280.3420) Spectroscopy Laser  (300.6360). 
The development of compact ICL based trace gas sensors will permit the targeting of strong fundamental rotational-vibrational transitions in the mid-infrared which are one to two orders of magnitude more intense than transitions in overtone and combination bands in the near-infrared. Specifically, the spectroscopic detection and monitoring of four molecular species, methane (CH4) [2], ethane (C2H6), formaldehyde (H2CO) and hydrogen sulphide (H2S) [3]will be described.


CH4, C2H6 and H2CO can be detected using two innovative detection techniques: mid-infrared tunable laser absorption spectroscopy (TDLAS) using a novel, compact multi-pass gas cell and quartz enhanced photoacoustic spectroscopy (QEPAS). Both techniques utilize state-of-the-art mid-IR, continuous wave, distributed feedback ICLs and QCLs. TDLAS was performed with an ultra-compact 57.6 m effective optical path length innovative spherical multipass cell capable of 459 passes between two mirrors separated by 12.5 cm.


TDLAS and QEPAS can achieve minimum detectable absorption losses in the range from 10-8 to 10-11      cm-1/Hz1/2. Several recent examples of real world applications of field deployable gas sensors will be described. For example, an ICL based TDLAS sensor system is capable of detecting CH4 and C2H6 concentration levels of 1 ppb in a 1 sec. sampling time, using an ultra-compact, robust sensor architecture.


Future work will include the detection of other important target analytes. For example, H2S detection can be realized with a THz QEPAS sensor system using a custom quartz tuning fork (QTF) with a new geometry and a QCL emitting at 2.913 THz.[3] Furthermore, two new approaches aimed to achieve enhanced detection sensitivities with QEPAS based sensing can be realized. The first approach will make use of an optical power buildup cavity. The second approach will use custom produced QTFs of different geometries. The development of cavity-enhanced optical feedback–assisted QEPAS will lead to significantly lower minimum detectable gas concentration levels of < 10 pptv. Furthermore, we explored new QTF designs in order to optimize resonator geometry and piezo-electric charge collection in terms of trace gas sensing performances. QEPAS sensors developed up to now were based on a standard QTF geometry, optimized for timing applications. A detailed analysis of the piezoelectric properties in terms of resonance frequencies, quality factors and gas damping effects will be discussed.
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