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| - Principles and problems of traditional PAS
= Quartz tuning fork as a resonant microphone
= Implementation and results

Summary and outlook

Resonant photoacoustic spectroscopy
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Wavelength modulation PAS
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Merits of PAS based Trace Gas Detcction

= High sensitivity
« Zero background

= Low cost (compared to multipass cell + IR
detector)

Linear response to gas concentration
* Small volume cells
« Immune to laser noise

= Immune to etalon effects

Signal proportional to Q, 1/f and 1/V - acoustic mode
volume

Energy accumulated in air (gas), hence relatively low Q
Examples: f=8000 Hz, Q=200 = Q/f=25 ms
f=4000 Hz, Q=18 = Q/f=4.5ms
« Resonant cell size ~A/2; for 1000 Hz A=30 cm

Ambient noise, in particular flow noise; S~1/f
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Quartz-Enhanced Photoacoustic
Spectroscopy (QEPAS)

Laser beam,

power P g T

E ’{ 7‘ b’ X '.)" W o 2 R
S Absorptiona. "

Modulated | L e

(PorA)atf o oW T8y

or /12 e,

M =
= . -

QaP e s R ¢

§-=Z
S K Piezoelectric crystal
em™ x W Resonant at f, quality factor @

Sensitivity [£] ==W / / 9
rICI




A ready solution — watch tuning fork

Watch tuning fork

RAELTROIN

WATCH CRYSTAL TINING FORKS
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Proguency: T2 760kHz 230ppm Operating temperatars: — 107 ts +63°7
EX: 3Skalens sz (H285), S0kches mex (A3

Price 1-50 $0 32 ea. (Newark Electronics)

Q>10,000

at atmospheric pressure'
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Different QEPAS Configurations

Gas ccll for QE-PAS experiments

Bottom part with a mounted TF

A bled cell wath a p

sensor on top
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[Laboratory setup for QEPAS based gas sensor

Absorption of C,I, in the v,+v, band region
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Acetylene spectral data courtesy o Drs Houston Miller (GWU) and Sarsh L. Gilbert QNIST)
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Comparison of absorption and QEPAS spectra

Comparison of absorption and QEPAS spectra
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Equivalcent circuit of a quartz TF
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Noise in QEPAS spectra

Noise: experiment vs. prediction
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QEPAS signal vs. total pressure

Sensitivity Estimate of QEPAS
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At 265 Tomr:
SNR=(2.7V/200)/3.7pV=3650
Assuming SNR=1,
N 0.023cm 'x0.027 W
J0.53Hz
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/\:—__{ sensitive (1.2x107 coy ' WHz1/2),

There is hope!
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What does such(.]t;sensitivil_\' mean ?

QEPAS gas sensor archlteclurc

® Acetylene P(11), » 1+23, SNR=1, &=1.2x107 cm'WHz 12, 40 mW,
~1min data acquisition time (Af=0.01 Hz) = 180 ppb

* Ammonia in near-IR (6528.76 cm'!) - 7 times weaker line = ~1.25 ppm

*Mid IR - ~100 times stronger absorption = ~10 ppb range for reliable
(3%SNR level) detection with ~Imin data acquisition time

*Sensitivity is directly proportional to the Inser power
We expect to reach k<‘lx lO‘7 cm’ ‘WHz“’z dm: to better selection of TF
ry and ity opti
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QEPAS scnsor electronics

FUNCTIONS:
*Measures TF frequency /
" Modulates laser current at 72 (sme wave)

* Demodulates photodiode (PD) signal at
3/72 und uses it to lock the laser
wavelength to an absorption line

Converts TF current to voltage and
amplifies it

* Demodulates TF signal at £, normalizes to
PD signal and measure on- and off- the
absorption line to provide the number
proportional to the species concentration
Can operate autonomousty or
communicate with a PC via RS232 port

with a TF

o
{@‘; Electramics design by D. Sencbrakov and [ Marnmov,
~aow Institute of Spectroscopy. Romia o
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Packaged QEPAS control unit




Summary and Outlook

*QEPAS 13 to ambient noise. Expert 1t d nose level
agrees with a theoretical hmit.

* Required sample volume is very small. It 1s nitimately hmited by a gap size
between the TF prongs, which i3 0,15 mm’ for the presently used kind of TF

“The best demonstrated sensitivity of QEPAS umit to date is 1 2%10-" cm 'WHz
2 but it 19 expected to be improved

* Compact dedicated control unit for an autonomous QEPAS sensor 18 developed

*Test several kinds of Iy available TFs, including crystals
with lower resonant frequencies (20 kHz and 10 kHz)
*op design (geometry and material)

*Test QEPAS performance with amplitude-modulated sources to proofits
ability to detect broadband absorbers

*Optimize light delivery (fiber, GRIN lens, ight tube...)

*Combine QEPAS with mid-IR laser sources (e g. QC lasers) for $
5 improved gas sensing RICE




