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Motivation

Concept and operation of mid-IR gas sensors
Trace Contaminant Control on the ISS
Masaya volcano field campaign

DFG 2000 and summary
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» Diode lasers, DFG and Molecules

Diode Lasers:

Desirable characteristics for spectroscopy

» Stable/reproducible frequency, easy to modulate (Hz-MHz)
« Narrow linewidth (<MHz)

« Room temperature operation

» Compact and rugged

DFG: Difference Frequency Generation

< NIR diode lasers can be shifted into the spectroscopically important
3-5 um region

Molecules:
« Strongest absorptions in the spectroscopic ‘fingerprint’ 2-20 um region

« Detected to date: 13 species including
CH,, H,0, N,0, NO,, NO, NH,,H,CO, CO, CO,, HCI, CH;0H, SO,, C¢Hg

» Absorption Spectroscopy

;\bsorber

Gas, Liquid or Soliﬂ

L
Beer's Law

l4{v)=lg -e -=(v)-L

a(v)-absorption coefficient (cm'1), L- path length (¢m), v - frequency (cm‘1)
Molecular Absorption Coefficient

a(v)=C->--gv)

C-gas concentration (cm-3), S - absorption line strength (cm), Av - linewidth (cm-1)

g (v) - line shape function: Gaussian, Voigt, or Lorentzian profile




» Difference Frequency Generation
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3 pW for 6 and 500 mW pump LDs
0.7 mW for 0.6 W and 1.6W pump
Advantages of Bulk PPLN:
- cost effective
- custom design: multichannel crystal
- QPM from 2.5-5 um
- alignment insensitive
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» Key Enabling DFG Technologies

MID-IR
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» Design Issues

s CENTER WAVELENGTH:
DETERMINED BY C[;lOlCE OF TARGET GAS MOLECULE
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» Spectroscopic Performance: Selectivity and Sensitivity

@ High resolution doppier fimited a2
CHy4 spectra at 3.3 microns f

@ DFG linewadth of present system ozl .
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. stics and Space A lli
Lunar - Mars Life Support Project \
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lPhasel: 15-day, 1-Person Tesf] [ sl 50t Eadiols
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Phase II: 30-day, 4-

Phase I1A ISS: 60-day, 4-Person Test - January 1997
\ Phase Ill:  90-day, 4-Person Test - September 19, 1997 /

» H2CO Concentration Measurements
NASA Lunar Mars Life Support Test Phase I
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» TDA Trace Contaminant Control System




» H2CO concentration in NASA TCCS System

—— Test 1 (Used VoCAT)

—=— Reactor Temperature (C)

6000 — v 7 v 7 v T > - * ¢ 500
1 450
o
g._ w005
o e
/2] 3
8 350 £
. 300 é
g [
® .
£ 2502
3 ]
S 4
8 200
3
IN 150

Okl A ) s 1 . 1 . I . 1
10:48 12:00 13:112 14:24 15:36 16:48

Time (hh:mm)

Ko Blhcme . Conkiibes dbat'
R, SRS, WY
Tl 2 Frime St 2
el Dwmaepe v 2 sy




Crater diameter:
500 m

Last Strombolian
Explosion: 1997

Current degas rate:
HCI ~ 20 kT/hour
SO, ~ 60 kT/hour
For comparison:
Total SO, release in UK:
~0.2 kT/hour in 1998
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» Masaya field campaign goals and challenges

Goals:
« Multi-species detection of volcanic gases using
diode laser based sensors - proof of concept
« Correlation of measured gas concentrations with
open path FTIR based gas sensor (in collaboration
with Clive Oppenheimer, University of Cambridge, UK)

Challenges:

« Shipping logistics
« Customs
« Environmental conditions: 90 - 100 °F, acid rain

» Schematic of DFG based gas sensor

n Out

i 1 12" x 9* x 657
‘é! : ! Two-stage
i § D'.f: Egmmp'-'w Dimensions: 24" x 21" x 8"
|42} Including: - laser drivers
- stepper motor controller
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Widely tunable DFG based gas sensor system

ased gas sensor
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» Detection of SO, at 4.2 pm

Mirador #2
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» Accomplishments

» Successful deployment and operation of two
» DFG based gas sensors at Masaya volcano

« Highly Selective Detection of
« CO2, SO2, H3S37CJ, CH4, H20

» Future improvements:

« Temperature management
« = Solid state Peltier air-conditioner

» Modular assembly, more compact
» = Source and detector (extractive or open path)
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» Summary

» Fiber based DFG gas sensors
« Single and multi-species detection
e Highly sensitive and selective

« Robust field portable technology

Mature technology, ready for use in:

Laboratory, field, industrial and airborne applications
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