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Wide Range of Gas Sensor Applications

e Urban and Industrial Emission Measurements

o Industrial Plants - Fenocline perimeter monitoring
o Combustion Diagnostics
o Automobile
¢ Rural Emission Measurements
o Agriculture

« Environmental Monitoring
o Atmospheric Chemistry
e Volcanio Emissions
e Spacecraft and Planetary Surface Monitoring
o Crew Health Maintenance & Life Support
o Diagnostic and Industrial Process Control
o Pectrochemical and Semiconductor Industry
o Medical Diagnostics
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Spectral Coverage by Diode/QC Lasers
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Key Characteristics of Quantum Cascade Lasers

o Laser wavelengths cover entire range from 3.5 to 24 um
determined by layer thickness of same material

o Intrinsically high power lasers (determined by number
of stages)
o CW:0.2W @ 80 °K, ~100 mW single frequency
o Pulsed: 1 W peak at room temperature, ~50 mW avg.

@0°C (upto 80 % duty cycle)

o High Spectral purity (single mode: kHz-330MHz)

» Wavelength tuning by current or temperature scanning

o High reliability: low failure rate, long lifetime, robust
operation and extremely reproducible emission
wavelengths RE

Molecules detected with QC Laser at Rice
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vegression analyris
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Trace Gas Detection with a Multipass Cell
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Absorption Spectrum of Room Air
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Cavity Ring-Down Spectroscopy
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CRDS Based Gas Sensor
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Pulsed 4.6 um QC Laser Based Gas Sensor

RICT:
Pulsed Operation of a QC-DFB Laser
ADVANTAGES l DISADVANTAGES

¢ Laser cati be operated at ncartootn | ¢ Broadet linewidth (300 MHz)

! " . #Reduced average power
*Faciltz{esfemy +More sophisticated clectronics for
+ No consumables (liquid N:) dnvmg QC laser and data
+Compact acquisition are required
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Pulsed QC-DFB Laser Housing

Manipulating the Pulsed QC Laser Frequency
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Famt scanmng of the Inser Fast cycling of the Ixser frequency
frequency with a subthreshold with a subthreshold current and slow
cumment scannmg with temperatune

(wavelength modulatsan)
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Spectral Shape of a Pulsed QC Laser Line

FWHM of peak
(decoavolved) Laser threshold
9.6x10-* an?
(290 MH2)
| 75% of encrgy s m g™
| the FT limited
Q8 006 004 A2 6 AR Q0 Current pobe
Rdm'vcfmqnmcy.un"
———  Measured lineshape
----- Stunulated; FT of a 3.1 ns rectangular pulse
tved with an absorption line lop
- RICE

“Fast Scan™ Detection of Trace Gases in Air
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CO Absorption: Ambient Air Sample
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CO Concentration Measurements

Summary
« Diode and Quantum Cascade Laser Based Trace Gas Seasors
s Ci ble, robust (ali insensitive) ficldable

o High sensitivity (<2+10to 10 %) and selectivity (10-300 MFz)

» Fast data acquisition and analysis

» Detootod traoe gases:NH, ,CH,, H,CO, NO,, N,O, }‘1%0 , CO,,

€O, NO, HCl, 50,

1617130 "3537CY

- Aggl_uanons in Trace Gas Detection

isotopic specics of 1%

Environmental monitoring: H,CO, CO, CH, (NASA, NCAR,

NOAA,EPA)
o Didastclil procty contiol did Shisihicd! sttalysis
o Medical diagnastics (NO, CO, CQ,)
» Future Directions
@ Fiber lasers and amplifiers
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