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( Optical Acetylene Gas Detection using a Photonic Bandgap Fiber and
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Abstract

We propose an optical gas sensor, which consists of a hollow core photonic bandgap fiber (HC-PBGF) and fiber Bragg
grating (FBG), for the detection of acetylene gas. The gas detection scheme is uniquely characterized by modulating the
Bragg wavelength of the fiber Bragg grating around a selected absorption line of gas filled in the photonic bandgap fiber.
In the measurement, a 2m-long HC-PBGF and FBG with a Bragg wavelength of 1539.02nm were used. The FBG was
modulated at 2Hz. We demonstrated that the optical fiber gas sensor was able to selectively measure the 25% and 5% of
acetylene gases.
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Fig. 1.

HC-PBGF (HC-1550)2} HctH
SEM image of HC-PBGF (HC-1550) cross
section.
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Fig. 3. Absorption spectrum of acetylene gas
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Fig. 6. MPC system for applying strain signals to the
fiber Bragg grating.
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Fig. 10. The output signals of the acetylene optical fiber
gas sensor.
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Fig. 11. The output power of the acetylene optical fiber
gas sensor.

5%2 3713 W AN 29 A3} F7lshe g ¢
T T ol2H VtA Fxe WIE dA &Y Q52
AT 5 dde RS Ag4ez gAdsigid.

V.2 B

¥2$ 3o XEY W= FAH9 FHA B
ZAE ol Mz Helo By k2 AS B4
& AYHoz A2 Mg AA2I AYA 2m
Zold] g2 ¢ 3o TEY =R FHSE FA B
158 2430, A9 4330 15002nme! FA
B ARE olgdte opddstne] F4E
% 39 153942nm <A FFAYEY g@RlL ®
% ZsHE 15393nmAE 15396nm7iA o) G 9L 21y
F712 ¢ wzsa Wz ¥ 289 459 73
g B3 47 25%, 5% oldAAE AuF
o2 APt o2H 7129 B4 7kx AE A
zdo] BHQ A7 s 2837} A5H AA A2d
o] FAHZ o)l all-fiber FeNe] k2 HE A&
9e 7EQ ALY A% Fod B shxa
Ae 82$ 30 TEY FAH49 o), FHK B
a AR Wz Fusd wabd sk AN ZE 2
42 B4 24 A2 Fdo| shsse, A BHE
Zo] W3 2@ thekd 5o waby 4% 2 A By
¢ A8 Fo gom AHFo) BEY o Folu).

=

al

do

MEY BURE OIBE OIMHRIIL. HE

(548)

1EHE

o

Ho

{11 J. H Visser and R. E. Soltis, “Automotive
exhaust gas sensing systems,” IEEE Trans.
Instrum. Meas. 50, pp. 1543-1550 (2001).

[2]1 S. Schilt, L. Thévenaz, M. Nikles, L.
Emmenegger, and C. Higlin, “Ammonia
monitoring at trace level using photoacoustic
spectroscopy in industrial and environmental
applications,” Spectrochim. Acta Part A 60,
pp. 3259-3268 (2004).

[3]1 J. P. Besson, S. Schilt, E. Rochat, and L.

Thévenaz, “Ammonia trace measurements at

ppb level based on near-IR photoacoustic

spectroscopy,” Appl. Phys. B 85, pp. 323-328

(2006).

G. Whitenett, G. Stewart, K. Atherton, B.

Culshaw, and W. Johnstone, “Optical fibre

instrumentation for environmental monitoring

applications,” J. Opt A Pure Appl Opt 5,

pp. S$140-S145 (2003).

H K Jones and J. Elgy, “Remote sensing to

assess landfill gas migration,” Waste Manage.

Res. 12, pp. 327-337 (1994).

[6] U. Willer, D. Sheel, I. Kostjucenko, C. Bohling,
W. Schade, and E. Faber, “Fiber-optic
evanescent-field laser sensor for in-situ gas
diagnostics,” Spectrochim. Acta Part A 58, pp.
2427-2432 (2002). :

(4]

(5]

[7] J. M. Coronado, S. Katacka, L T. Tejedor and

M. A. Anderson, “Dynamic phenomena during
the photocatalytic oxidation of ethanol and
acetone over nanocrystalline TiO2: simultaneous
FTIR analysis of gas and surface species,”
Journal of Catalysis, 219, pp. 219-230 (2003).

[8] P. Werle, F. Slemr, K. Maurer, R. Kormann, R.
Mucke, and B. Janker, “Near-and mid-infrared
laser-optical sensors for gas analysis,” Optics
and Lasers in Engineering, 37, pp. 101-114
(2002).

[9]1 R. M. Mihalcea, D. S. Baer and R. K. Hanson,
“Diode laser sensor for measurements of CO,
CO; and CH; in combustion flows,” Applied
Optics, 36, pp. 8745-8752 (1997)

[10] A. T. Alavie, S. E. Karr, A Othonos and R. M
Measures, “A multiplexed bragg grating fiber
laser system”, IEEE Photon. Technol. Lett,
5, pp. 1112-1114 (1993).



20104 78 T3S =X M 47 A SDEAH T = 29

o WP |

ol 8 F(EAY)
2004 AT B3}
st} 9.

20109 7 dHET FREAN
| FRE AN 24
20108 4EBATE FBEN

FEE AT,
D BB, BAA, FAN>

’

of &4 &(H3IY)

19799 A @A En AxF
AL E4.

19783 12€¥ ~1980d 8€ 3 =%
A7led+4 (8 3=HA
AL ATFY) &F.

19823 University of Colorado,
Boulder 7] 2}3 83
AAL E4.

19853 University of Colorado, Boulder -4 7]
AAF e AL Y.

19863 9¥ ~1983d 7€ vH|FRE/EATA
(NIST) &+%.

19883 749 ~1990d 29 3= TACAN Corp &5

19983 99 ~19993 8¥ University of
Rochester, The Institute of Optics B&
A,

20053 9¥ ~20061d 8¢ University of Arizona,
Optical Science Center HHE 3l

19903 39 ~EA HATAYESy JHFAFETE

o
<FRAANE  FEANAA ZL Alxd, FHRFA
2}, 3A 44, Photonic Devices 5>

(549)



