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|« Motivation and Technology Issues

| * Infrared Diode Laser-based Gas Sensor

| . Formaldehyde Concentration Measurements in
the Greater Houston Area

 Summary and Outlook

Motivation for Precision Monitoring of H,CO
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Precursor to atmospheric O, production
Pollutant due to incomplete fuel combustion
processes

Potential trace contaminant in industrial
manufacturing products

Medically important gas
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Spectral Coverage by Diode Lasers
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Diode Laser Based H,CO Sensor
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Map of the Greater Houston Area
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Nine Days of Continuous HCHO Data

(a)
Rice University Data (Deer Park, Texas)
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Five Days of Continuous HCHO Data at

Concentration [ppbV]

Channel View, TX
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HCHO and O, Concentrations at
Deer Park, TX for July 20-31, 2002

H,CO and O, Concentration, 0.58938 correlation coefficient
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Environmental data at Deer Park, TX for
July 20-31, 2002

Hzco Relative Humidity

RICE

HCHO Concentrations at Deer Park,

TX for August 2-14, 2002
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HCHO and O, Concentrations at
Deer Park, TX for August 2-14, 2002

H2CO and O, Concentration, 0.60555 correlation coefficient
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HCHO and O, Concentrations at Deer
Park, TX for September 2-25, 2002

L X
s A . ]
: HEH ;
T [ A E-E:.- 3
! e} .
l Liadl | L, BTN by
. bk S i 1 kg =
L e ? 1‘ 3 EAR
¢ <
'_Liz;;;a g, 17 SN .f!Hl

%03 905 907 909 911 913 915 917 919 921
Date

50, - 200
-+- HCO
i ---0, fie0
]

4ot ; i 4160
g 350 Ci {140 o
g - i ‘§
& 30t o HE 4120 £
B : L £
§ 25 l}i H100 £
5 i 8
8 20} " f B 8',
T'15 fi o




Current Development Highlights:
“Plug-and-Pray” to “Plug-and-Play”

. Fiber Laser Sged Source
- 60 ppb (16 MHz) absoluie fiequency stability over 24 hours
- No pump dicde laser dependency (7oA
. <100 kHz linewidth (free-running)
« DF2 Dio
. 173 ppb (33 MHz) absolute frequency stability ever 24 hours
. 100 Hz frequency tuning accuracy (over 12 GHz | 0.4 cm)
. <2 MHz linewidth (free-running)

« DFG Module

« Rugged. close-coupling design

. Ciean, prediciable near Gaussian spatial mid-IR beam

. ~0.0003% / h power stability (~1/1000 of Fiber Ampiifier Stability)
ure induced drift (Residual<5.6 MHz/h)

. Seli-compensating temperat

Airborne High-Power DFG Based Trace Gas
Sensor

DEG-Stace

Multi-Pass Celi




DFG Spatial Beam Propagation N\
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Summary

. Diode Laser Based Trace Gas Sensors

= Compact, tunable, robust (alignment insensitive),fieldable

= High sensitivity (<2°10-*to 10 ) and selectivity (10-300 MHz)
= Fast data acquisition and analysis

Detected trace gases: H,CO, NH,; ,CH,,, NO,, N0, H,0, CO,,

i i i 12,13
16(1:7013;81%5%8 S0,, C,H,OH, isotopic species of '>°C,

« Applications in Trace Gas Detection
« Environmental monitoring: H,CO, CO, CH, (EPA, NASA,
NCAR, NOAA))
Industrial process control and chemical analysis
Medical diagnostics (NO, CO, CO,, NH;)

+ Future Directions

Fiber lasers and amplifiers

Longer mid-IR wavelengths with orientation patterned GaAs
and %IC lasers, detection of complex molecules
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