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Detection of Pollutants and Trace Gas Species
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Applications of Trace Gas Detection

%  Urban Emission Measurements
e Industrial Plants
e Combustion Sources
e Automobile
e Waste Dumps

%  Rural Emission Measurements .
e Agriculture
e Forest Fires

%  Environmental Monitoring
e Atmospheric Chemistry
e Volcanic Emissions

%  Spacecraft and Planetary Surface Monitoring
e Crew Health Maintenance & Life Support

%  Chemical Analysis and Process Control
e Semiconductor Industry

%  Medical Applications

x  Aircraft Identification
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SPECTROSCOPIC DETECTION

v ABSORBER
LIGHT DETECTOR
SOURCE
| SOLID, LIQUID, OR GAS |
0 1
- »
L
BEER’S LAW

—a(V)-L
. =1-e

a(v) - absorption coefficient (cm™), L- path length (cm), Vv - frequency (cm™)

MOLECULAR ABSORPTION COEFFICIENT

av)=C - - g(v)

C - gas concentration (cm3), S - line intensity (cm), AV - linewidth (cm™),

g(v) - numerical line profile: Gaussian, Voigt, or Lorentzian
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Tunable CW IR Coherent Sources

Solid State Lasers
Color center lasers, tunable (1-4 pm), low temperatures

Lead Salt Diode Lasers
Tunable (3-30 pm), each diode ~100 cm™ !
Undesirable discontinuities, low temperature needed

CO and CO, Sideband Lasers -

Optical Parametric Oscillators (OPO)
Tunable 2-14 um (LiNbO;, KTP, BBO, AgGaS,,
AgGaSe,, ZnGeP,), Pulsed and CwW

Tunable III-V Semiconductor Diode Lasers
Single Frequency: InGaAs/AlGaAs 620 nm-2.1 {m;
GaSb based lasers 2-6 pum;

DFB guantum cascade lagers (3-17 m) pulsed at RT

—-— a— e am—— — — C— W— S

Difference Frequency Generation (DFG)
Tunable & RT: QPM & BPM LiNbO; (2-5.3 jm);
AgGaS, (3-9 um); AgGaSe, (>8-20 pm);
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Advantages of Diode Laser Pump Sources

%  Broad wavelength coverage (630 nm to 2 im, with gaps)
o Tunability (0.3 nm/°C, or 2 MHz/UA typical)
e High efficiency (Ngjec = 30%, 0.1-1 W/A)
e FP, DBR, DFB, ECDL, VCSEL

% CW single-mode power (1 to 500 mW)
e With amplification: =1 W (MOPA, Fiber)

%  Narrow linewidth (<15 MHz)

%  Amplitude and frequency stability

%  Direct frequency modulation (f<0.1 GHz, 10 GHz range)
%  Room temperature or TE cooled operation ﬁ

%  Convenient Fiber Pigtailing

¥  Reliability (= 10,000 hrs.), small size, and low cost
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Basic CW DFG Architectures

- Fixed High Power Diode or Solid State Laser
and Tunable Diode Laser

Two Diode Lasers

e Diode amplified

Fiber Coupled and Amplified
e Single, dual cascade or multiple channels

Hybrid DFG Systems
e Cavity enhanced

kt/9-98/uh/16
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13¢/12Cc RATIO MEASUREMENT
IN ATMOSPHERIC METHANE
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Desired Improvements

More IR DFG Power

e Balanced Detection

Less Optical Pump Power
e Waveguide DFG Structure

Fiber Coupled Pump Sources
e Fiber Amplifiers '

Moore Wavelength Coverage
e Resomantly Enhanced v@

Cavity Enhanced DFG Spectroscopy
Faster Data Processing
Smaller Size

Lower Cost
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Summary

Diode Laser Based Trace Gas Sensor
e Compact, tunable, robust

e High sensitivity and resolution
Current limits: ~10~* absorption

e Fast DATA acquisition and analysis

Applications in Trace Gas Detection

e CO and H,CO: NASA-JSC

e CH,: NOAA and NASA

e NO and CO: Baylor College of Medicine
Future Outlook

e [iber-coupled (alignment insensitive)

e Fiber amplifiers

e (Cavity enhanced spéctroscopy

e Longer mid-IR wavelengths

fit/9-98/uh/17
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