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1~3 species
Gas Sensors
Tens of species
~  Gas Analysis
) Instruments
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Exemple : Spectre d’Absorption IR du Méthane
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Absorption spectrum of methane CH,
in the band 5800-6150 cm-1 (1.7-1.6um)
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1.7 - 2.7um

1.3 - 1.5um
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C = gasconcentraion
Beer-Lambert Law
for Ligh Absorption

a = c.(/) : absorptioncoefficiert

e(/) : absoptiviy coefficien

e=¢(/)

The absorptivity coefficient depends on wavelength. It is a spectrum.
’/ Each gas has a specific absorptivity spectrum ( )
T Many applications with simple architectures are in the mid-infrared

Too many chemicals absorb in the near-infrared region Requires
spectrum analysis to recognize the specific gas from its spectrum
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éj Phase change of CO / % )
g 2 2 ‘s B Bmg

CO, pressure (bar)

E. Tavernier, J. Sellier, F. Marty, P. Tabeling, T. Bourouina
IEEE Sensor Journal, 2008
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o ~10 nm resolution,
| limited by actuator
travel range (1 mm)

US Patent 648018
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B. Saadany, H. Omran, M. Medhat, F. Marty, D. Khalil, and T. Bourouina,
IEEE LEOS Optical MEMS and Nanophotonics conference 2 009
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The spectrum range where the vibrational & rotational absorptions
are more significant covers the near and mid-infra-red bands.

Both vibrational and rotational absorption processes

A vibrational absorption line typically might have a fine structure
surrounding the main line. They correspond to the lower-energy
transitions related to rotational energy states. Spectrum is a fingerprint
of a molecule type

081 380 ppmv CO5 at 140 Torr

0.5+ . |

04 [ ‘

it
il
|
I |
\_m ..
0.0 ; Lkl I LHJIJ-I.LLLJ....-..

L 1 L
1.585 1600 1805 1610 1615 1620 1.625
Wawelength (pm)

03

Absorption {ppm#em)

02

£ or
.....
aaaaaaaaaaaaaaaaaaaa
sssssssssssssss

04 F

Absorption spectrum of methane CH,

in the band 5800-6150 cm-1 (1.7-1.6um) M SE e Aoz
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Courtesy of Prof. Ai-Qun. LIU, NTU-Singapore
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High-Purity lines + Reference Wavelength + Wide Range Tunability
Suitable for Gas Analysis by High Resolution Spectroscopy

H. Cai, B. Liu, X.M. Zhang, A.Q. Liu*, J. Tamil, T. Bourouina and Q.X. Zhang,
OSA OPTICS EXPRESS, 2008
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Suitable for in-situ monitoring
of vaccum-packaged MEMS

@ Similar device can be used for

jonization in Mass Spectrometers
and GC Detectors

A. Phommahaxay, G. Lissorgues, L. Rousseau, V. Perr  ais, O. Francais, T. Bourouina, P. Nicole
TRANSDUCERS’2007
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SC Terry (1975): A gas chromatographic air analyser fabricated on
silicon wafer using integrated circuit technology.
PhD. Dissertation Stanford University.

S.C. Terry, J.H. Jerman, J.B. Angell, « A gas chromatographic air
analyzer fabricated on a silicon wafer » IEEE Transactions on Electron
Devices, Vol. 26, Issue 12, pp. 1880-6, Dec 1979

sssssssssssssss

New interest today in the MEMS community
Most active teams include Zeller's at Univ. Michigan
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K. Nachef, B. Bourlon, F. Marty, K. Danaie, P. Guieze, E. Donzier, T. Bourouina
IEEE Sensors Conference, Oct. 2009
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K. Nachef, T. Bourouina, F. Marty, K. Danaie, B. Bourlon, E. Donzier
IEEE/ASME J. Microelectromech. Syst. (Submitted)
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