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Gas sensing: wide range of applications

Urban and Industrial Emission Measurements
* Industrial Plants
= Combustion Sources and Processes
= Automobile
Rural Emission Measurements
* Agriculture
» Environmental Monitoring
= Atmospheric Chemistry
* Volcanic Emissions
Chemical Analysis and Industrial Process Control
= Chemical, Pharmaceutical & Semiconductor Industry
= Nuclear materials processing
Spacecraft and Planetary Surface Monitoring
= Crew Health Maintenance & Life Support
* Medical Applications
* Fundamental Science and Photochemistry

General laser-based gas sensor configurations

Conventional PAS: Resonating GAS SAMPLE

20-70 mW Laser ¢ T
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Quartz-Enhanced PAS: Resonating MICROPHONE

Quartz tuning fork (TF) as a resonant microphone

Sound transducer

* Resonant frequency f=32 8 kHz
* Intrinsically high Q factor Q, ., = 125 000,
(2,,~10 000 at ambient conditions,

« P lectrie: no additi &

required

+ Miniature size
+ Mass produced - low cost




TF based spectrophone

QEPAS advantages

Very small absorption detection
ule (ADM, spectrophone)

Rugged transducer — quartz
monocr{slnl. can operate in a wide
range of pressures and temperatures
Ultrasmall sample volume - <1mm’®

Immune to environmental acoustic
noise — acoustic quadrupole

Sensitivity is limited by the
fundamental thermal TF noise — kT

m the TF symmetric mode,
directly observed

White noise spectrum — SNR scales
as V1, I:P to r=3 hours experimentally
verifie
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TF based spectrophone

Comparative size of ADMs

Optical multipass ccll {100 m)
=70 cm, 1~3000 cm*

QEPAS spectrophone:
1~60 cm, I-50 cm' /-1 cm, F-0 05 cm’
bed RICE

2f wavelength modulation PAS

QEPAS signal: 7306.75 cm™' H,O line, 48 ppmv
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Laser power after the cell window: 9.5 mW Two passes (back-reflecting mirror)
Peak absorbance: 4.8x10* cm™! (HITRAN) Time constant: 1s, SNR=550
= NNEA=1.9x10" em"'W/(Hz)'? ; NEC=50 ppbv




QEPAS performance for various chemical species

Melecule (Host) [ Frequency, | Pressure, NNEA, Power, | NEC (v=Is),

| em® Tarr | em™WiHZ' | mW v

0 (N 7306.75 0 | 19%10° ] 95 009
TICN (alr: 50% hum) * 6539.11 ) T T  I R T
Cili (V" 652917 75 ~25%10 o | ooe
NH; (N)© 6528.76 60 5410 38 0.50
['CO; (exhuied wir) 651425 9 Tox107 | 52 290
f CO; (NrH1.5% 11:0) 99126 50 T4210° | 44 18
[CH;0 (sir: 50% hum) ~ | 283248 100 TIx10° | 46 028
coca 2196.66 £ 3«07 | 13 05
lﬁ(pmpykm) 2196.66 50 7.4x107 6.5 0.14

i N0 (Wir+5965F,) 219563 E] TS<10° | 19 0.007

= - Improved mcroTesonator
**_ Improved microresonator and double optical pass through ADM

NNEA ized noise equivalent absorpti

NEC - noisc equivalent concentration for available lascr power and 113 lime constant.
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QEPAS based gas sensor: main considerations

*Response is intrinsically slow — Qf,>0.3s

*Real ZERO background (thermal noise only) if 2f
wavelength modulation technique is used

Hence:

*The sensor must be operated in a “locked to
absorption line” mode instead of a frequency-scan
mode.

So:

+Use a reference cell and 3f component of the
photodetector signal for line locking

Line locking based on 3f detection

QEPAS based gas sensor architecture

a

Data collection
and processing

A prototype portable QEPAS NH, sensor
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Oklahoma State University research feedyard

Agricultural ammonia measurements
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Next generation QEPAS sensor components

Multi-species trace gas sensing

*Laser inside, with T and / controllers
*Internal datalogging for ~10 days o
*Reference cell and fiber beam splitter New. rupeed a ved

will also be placed inside wo-TF ne
CEU
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Summary and Outlook

*QEPAS technology combined with cgg
telecommunication lasers is ready §
sensors capable of detecting 10- SPACE STATION
various species;

®QEPAS was also testgd
and can beneficially 4

fire detection)

®There are coptinuingd
. ntigd

o>xaplitude modulation and
o investigated to widen the range of

5
Both NEL/NTT and FitelFunikawa | 4 l‘f_ “']
preliminary announced multi-DFB-laser chips i, i =t i“ J,
covering entire C-band (1530-1560 nm) or
L-band (1580-1610 nm) 0000000600000
s RICE
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