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Wide Range of Trace Gas Sensing Applications
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+ Urban and Industrial Emission Measurements
* Industrial Plants
= Combustion Sources and Processes (e.g. fire detection)
= Automobile, Truck, Aircraft and Marine Emissions
< Rural Emission Measurements
* Agriculture & Forestry, Livestock
» Environmental Monitoring
= Atmospheric Chemistry
= Volcanic Emissions
< Chemical Analysis and Industrial Process Control

= Petrochemical, Semiconductor, Nuclear Safeguards, .
Pharmaceutical, Metals Processing, Food & Beverage Industries

Spacecraft and Planetary Surface Monitoring

= Crew Health Maintenance & Life Support
« Applications in Biomedical and the Life Sciences
» Technologies for Law Enforcement and National Security o
« Fundamental Science and Photochemistry
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Sensitivity Enhancement Techniques for Laser Spectroscopy

*  Optimum Molecular Absorbing Transition
= Overtone or Combination Bands (NIR)
* Fundamental Absorption Bands (MID-IR)

= Long Optical Pathlength
= Multipass Absorption Cell (White, Herriot)
= Cavity Enhanced and Cavity Ringdown Spectroscopy
s Open Path Monitoring (with retro-reflector): Standoff
and Remote Detection
= Fiberoptic Evanescent Wave Spectroscopy

= Spectroscopic Detection Schemes
= Frequency or Wavelength Modulation
= Balanced Detection
= Zero-air Subtraction vx

= Photoacoustic Spectroscopy R?EI .

Potential Improvements and New Capabilities of QCLs and ICLs

Motivation for Mid-infrared C,H, Detection

Atmospheric chemistry and climate

s fossil fuel and biofuel consumption,

*  biomass burning, L)
s vegetation/soil,

* natural gas leaks ="

Oil and gas prospecting £ I

Application in medical breath analysis, _5

anon-invasive method to identify B

and monitor different diseases such as: §

*  asthma, 25

= schizophrenia, <

* lung cancer, [

= vitamin E deficiency. Eissaresdsd fon Eet a0
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«  Optimum wavelength (> 3 to < 20 pm) and power ( >10 mw to <1 W)
at room temperature (> 15 °C and < 30 °C) with state-of-the-art
fabrication/processing methods based on MBE and MOCVD, good wall
plug efficiency and lifetime (> 10,000 hours) for detection sensitivities
from % to pptV with relevant electrical power budget depending on
appropriate sensor technique

« Stable single TEM,, transverse and axial mode, CW and pulsed operation
of mid-infrared laser sources (narrow linewidth of ~ 300 MHz to <
10kHz)

- Mode hop-free wavelength tunability for detection of broad band
absorbers and multiple absorption lines based on external cavity or mid-
infrared semiconductor arrays

» Good beam quality for directionality and/or cavity mode matching.
Implementation of potential plasmonic and recent innovative flat lens
beam collimation concepts.

- Rapid data acquisition based on a fast time response.

« Compact, robust, readil?' commercially available in < 8 weeks, affordable
and field deployable in harsh operating environments (extreme
temperatures, pressure, etc...) LN
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Molecular Absorption Spectra within two Mid-IR Atmospheric
Windows and NO absorption (@ 5.26um
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Atmospheric NH; Measurements using an EC-QCL PAS Sensor
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Quartz Tuning Fork as a Resonant Microphone for QEPAS

Unique properties
+ Extremely low internal losses:
* Q-10000at 1 atm
* Q~100 000 in vacuum
Acoustic quadrupole geometry
= Low sensitivity to external sound
« Large dynamic range (~10°) - linear from
thermal noise to breakdown deformation
= 300K noise x~10"" cm
= Breakdown x-102 cm
Wide temperature range. from 1 6K to~700K

Acoustic Micro-resonator (mR) tubes

Optimum inner diameter:0.6 mm; mR-QTF
gap is 25-50 pm

1D 0.6 mm
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36mm  +  Optimum mR tubes must be ~ 4 4 mm long
Excitation (~M/4<1<)2 for sound at 32 8 kHz)
laser bz SNR of QTF with mR tubes: *30 (dependmn.
Quanz wning on gas composition and pressure)}
fork cloctides 3
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Performance of a 5.26 um CW HHL TEC DFB-QCL

ot et

FREY SN RS

Current {(mA)

CW DFB-QCL optical power and current
tuning at three different tempceratures.

Single frequency QCL radiation recorded with FTIR
for different laser current values at a QCL temperture
of 20 5°C

v

3
Rice|




Performance of 2012 CW DFB-QCL based WMS
QEPAS NO Sensor Platform
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Motivation for Sulfur Dioxide Detection
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Potential Integration of a CW DFB- QCL and QCL based QEPAS Performance for 9 Trace Gas
QEPAS Absorption Detection Module Species (October 2012)
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Summary and Outlook

«  Laser spectroscopy with a mid-infrared, room temperature, continuous wave, DFB laser
diodes and high performance DFB QCL is a pronusing analytical approach for real time
atmospheric measurements and breath analysis.

. Fnc ml’mmd ds lasers from Nanoplus, Daylight Soluti
T ). H Us and AdwchOpucs were used

{PS|
recently (201 l 20l2)by means of TDLAS, PAS and QEPAS

«  Five target trace gas species were detected with a 1 sec sampling time:

® C,H,a1~3.36 pm with a detection sensitivaty of 130 pptv using TDLAS

» NH;at~ 10.4 um with a detection sensitivity of ~ ppbv (200 sec averaging lime);,
NO at ~5.26pm with a detection limit of 3 ppbv

* SO, at~7.24um with a detection limit of 100 ppbv
® COat~4.61pm with minimum detection limit of 2 ppbv
* CH,and N;Oat ~7.23um currently in progress at 7 with detection Limits of 15 and 60 ppbv,
respectively.
« Compact, robust and sclective single 7 , mid-infrared sensor technology
is capable of pcrfonmng precisc and accmu: conccnu-auon measurements of trace gases
relevant in ing and national security.
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