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Fig. 1. (a), (d) Absorbance, (b), (e) transmitted intensity and (c), (f) second harmonic signal under different

concentrations.
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Fig. 2. (a) Simulation of PD-CLaDS phase output under different absorbance; (b) normalized peak to peak value

as a relation with integrated concentration.
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Table 1. Standard samples for PD-CLaDS calibration.

FF5
1 2 3 4 5 6 7 8 9 10
CH4/% 2.09 1 25.09 25.09 49.63 49.63 74.79 74.79 99.9 99.9
K /cm 4.5 17.5 4.5 17.5 4.5 17.5 4.5 17.5 4.5 17.5
W /ppm-m 9405 1750 11290 43907.5 22334 86852.5 33656 130882.5 44955 174825
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WMS 0.021799 38.1/ppm-m

4.5 LI CLaDS MM ENSEE

B L b sese 45 5w UE H, SE86H PD-CLaDS
(2R B A5 B 47.3— 174825 ppm-m, F)A70 H
D%y

17482
D = 10log 17835 =35.7 dB, (10)

3K B 250 Iz K T R 2 g MR s I
WMS SE80R. FEFAT RN R, 8 73RS
EARMAR R, B KM i % Bl T
WMS &5 AR 5 58 1) 2 PR & X TR 3R /), 35
KGRI R R BIRZ & IR BR &, BT
WMS £ AR Y6 . i A PD-CLaDS £ AR
HE A R R A U B AT S AR A, Y R B v 3 A58
Hl, Bl PD-CLaDS AR BiE & 5 KRR AR R &
.

5 & W

AR T AT W R K PD-
CLaDSll & % %t, %Lt i # 7 PD-CLaDS % R

120601-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66,

No. 12 (2017) 120601

Je WMS HARLE SO RS o0 N IR . B 3
J e a5 R B R RS LR, WMS H R
AFAE RS2 Uk T 1) R, S 2R DU ARE 5 R A
IR —PRAE f, WMS HAR 4 45 R 2 I
AR IS () 386 T P i 8, 3 s A TR v
T FH 3 TR S A7 10 B A A 0 4 SR AN — 1) ]
R R KK 9K 2R 0 g 0 A R A I A U A
T (9T 555 638 B Sk D A AR 1) PD-CLaDS
AR R H AN S2 R i RS E 1 BRI, Sl B &5 SR SR
PD-CLaDS $ A AJ LAE 47.3—174825 ppm-m I35
Bl A EAT e M 5, XoF V7 ) 48 P 2 ) 2 i R e ot
35 dB. 5 WMS HiARM EL, PD-CLaDS B A #2411
for HH PR 545 22 (1 & E R

SE3CH

[1] Zhang S, Liu W Q, Zhang Y J, Ruan J, Kan R F, You
K, YuD Q, Dong J T, Han X L 2012 Acta Phys. Sin. 61
050701 (in Chinese) [5KJi, XISC3E, 5K K4, Bk, mimig,
e, TR, EAE, w2012 PIE AR 61 050701]

[2] Rieker G B, Jeffries J B, Hanson R K 2009 Appl. Opt.
48 5546

[3] Sanders S T, Baldwin J A, Jenkins T P, Baer D S, Han-
son R K 2000 Proc. Combust. Inst. 28 587

[4] Wainner R T, Green B D, Allen M G, Frish M B, White
M A, Stafford-Evans J, Naper R 2002 Appl. Phys. B'75
249

[5] Ding W W, Sun L Q, Yi L Y, Zhang E Y 2016 Meas.
Sci. Technol. 27 085202

[6] Seiter M, Sigrist M W 1999 Appl. Opt. 38 4691

(7]

(8]

(9

120601-9

Nadezhdinskii A, Berezin A, Chernin S, Ershov O, Kut-
nyak V 1999 Spectrochim. Acta A 55 2083

Goldenstein C S, Spearrin R M, Jeffries J B, Hanson R
K 2014 Appl. Phys. B 116 705

XuZY, LiuW Q, LiuJ G, He J F, Yao L, Ruan J,
Chen J Y, Li H, Yuan S, Geng H, Kan R F 2012 Acta
Phys. Sin. 61 234204 (in Chinese) [¥FRT, XI5Ci, X
i, WhEk, Bofl, PREXDE, 2505, b, WKW, Wil
2012 PIRZAR 61 234204]

Philippe L C, Hanson R K 1993 Appl. Opt. 32 6090
Song J L, Hong Y J, Wang G Y, Pan H 2012 Acta Phys.
Sin. 61 240702 (in Chinese) [RI&¥, HEWE, £ 5%, &
J% 2012 YIEEAR 61 240702]

Rieker G B, Li H, Liu X, Liu J T C, Jeffries J B, Hanson
R K, Allen M G, Wehe S D, Mulhall P A, Kindle H S,
Kakuho A, Sholes K R, Matsuura T, Takatani S 2007
Proc. Combust. Inst. 31 3041

Peng Z, Ding Y, Lu C, Li X, Zheng K 2011 Opt. Express
19 23104

Duffin K, Mcgettrick A J, Johnstone W, Stewart G,
Moodie D G 2007 J. Lightwave Technol. 25 3114
Kluczynski P, Axner O 1999 Appl. Opt. 38 5803
Mclean A B, Mitchell C E J, Swanston D M 2002 J.
Electron Spectrosc. Relat. Phenom. 69 125

Reid J, Labrie D 1981 Appl. Phys. B 26 203

Wysocki G, Weidmann D 2010 Opt. Ezpress 18 26123
Nikodem M, Plant G, Wang Z, Prucnal P, Wysocki G
2013 Opt. Ezxpress 21 14649

Nikodem M, Weidmann D, Smith C, Wysocki G 2012
Opt. Ezxpress 20 644

Nikodem M, Krzempek K, Karwat R, Dudzik G, Abram-
ski K, Wysocki G 2014 Opt. Lett. 39 4420
Martinmateos P, Acedo P 2014 Opt. Express 22 15143
Ding W, Sun L, Yi L, Ming X 2016 Appl. Opt. 55 8698
Velicky B 1961 Czech. J. Phys. 11 787


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn//CN/abstract/abstract45239.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract45239.shtml
http://dx.doi.org/10.1364/AO.48.005546
http://dx.doi.org/10.1364/AO.48.005546
http://www.sciencedirect.com/science/article/pii/S0082078400802581
http://dx.doi.org/10.1007/s00340-002-0984-7
http://dx.doi.org/10.1007/s00340-002-0984-7
http://dx.doi.org/10.1088/0957-0233/27/8/085202
http://dx.doi.org/10.1088/0957-0233/27/8/085202
http://dx.doi.org/10.1364/AO.38.004691
http://dx.doi.org/10.1016/S1386-1425(99)00080-3
http://dx.doi.org/10.1007/s00340-013-5754-1
http://wulixb.iphy.ac.cn//CN/abstract/abstract51046.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract51046.shtml
http://dx.doi.org/10.1364/AO.32.006090
http://wulixb.iphy.ac.cn/CN/abstract/abstract51520.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract51520.shtml
http://dx.doi.org/10.1016/j.proci.2006.07.158
http://dx.doi.org/10.1016/j.proci.2006.07.158
http://dx.doi.org/10.1364/OE.19.023104
http://dx.doi.org/10.1364/OE.19.023104
http://dx.doi.org/10.1109/JLT.2007.904937
http://dx.doi.org/10.1364/AO.38.005803
http://www.sciencedirect.com/science/article/pii/0368204894021897
http://www.sciencedirect.com/science/article/pii/0368204894021897
http://dx.doi.org/10.1007/BF00692448
http://dx.doi.org/10.1364/OE.18.026123
http://dx.doi.org/10.1364/OE.21.014649
http://dx.doi.org/10.1364/OE.20.000644
http://dx.doi.org/10.1364/OE.20.000644
http://dx.doi.org/10.1364/OL.39.004420
http://dx.doi.org/10.1364/OE.22.015143
http://dx.doi.org/10.1364/AO.55.008698
http://dx.doi.org/10.1007/BF01690042

) I8 % 48 Acta Phys. Sin. Vol. 66, No. 12 (2017) 120601

Phase sensitive chirped laser dispersion spectroscopy
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Abstract

A whole-fiber methane sensor under high absorbance based on phase sensitive chirped laser dispersion spectroscopy
is presented in this paper. The laser source of the sensor is a tunable distributed feedback diode laser with a frequency
of 1653.7 nm. A telecom-based electro-optical intensity Mach-Zehnder modulator working in carrier suppression mode
is adapted to modulate the single frequency laser beam for generating a dual-sideband spectrum beside the carrier wave.
Unlike previous proposed phase sensitive chirped laser dispersion spectroscopy scheme, the beatnote signal generated
by the two sidebands is detected experimentally. The refractive index fluctuation around the 2vs transition of methane
is measured by detecting the phase variation of the dual-sideband beatnote signal through using the heterodyne inter-
ferometric method. A lock-in amplifier is employed in the phase demodulation process. By connecting the refractive
index (the real part of the complex refraction index) and the absorption coefficient (the imaginary part of the complex
refraction index) via Kramers-Kroning relation, the gas concentration information is retrieved from the optical dispersion
measurement. Absorption-based wavelength modulation spectroscopy measures the gas concentration encoded in the
optical intensity based on Beer-Lambert’s law. However, the signal sensitivity of wavelength modulation spectroscopy de-
creases, and the signal even decreases while the gas concentration is raised in high absorbance condition, which leads to an
uncertainty in concentration measurement. Experimental results demonstrate that wavelength modulation spectroscopy
has better performance in low absorbance condition. The detection limit is about 38.1 ppm-m. However, because the
sensitivity decreases in high absorbance conditions, the upper detection limit of wavelength modulation spectroscopy
is only 1500 ppm-m. The dynamic range is defined through dividing the upper detection limit by the detection limit.
Therefore, the wavelength modulation spectroscopy obtains a linear measurement dynamic range of 16 dB. Nevertheless,
under the same experimental condition, the phase sensitive chirped laser dispersion spectroscopy has a much larger linear
measurement range from 47.3 ppm-m to 174825 ppm-m with a dynamic range higher than 35 dB. Absorption-based gas
measurement technique such as wavelength modulation spectroscopy can achieve a low detection limit by using long
optical path at the expense of lower upper limit concentration. Phase sensitive chirped laser dispersion spectroscopy
appears to be effective in high absorbance condition, which may be caused by high concentration or long optical path.
Furthermore, by combining phase sensitive chirped laser dispersion spectroscopy and long optical path technique such
as multi pass cell in sensor design, large linear measurement dynamic range and low detection limit can be obtained at

the same time.

Keywords: tunable diode laser absorption spectroscopy, dispersion spectroscopy, wavelength modulation

spectroscopy, heterodyne interferometric

PACS: 06.20.-f, 07.07.Df, 42.62.Fi DOI: 10.7498/aps.66.120601

* Project supported by the National Major Scientific Instrument and Equipment Development Project of China (Grant Nos.
2012YQ200182, 2012YQ0901670602).

1 Corresponding author. E-mail: sunlq@mail.tsinghua.edu.cn

120601-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.120601

	1引    言
	2实验原理介绍
	2.1 气体吸收线型描述
	2.2 WMS技术原理介绍
	2.3 PD-CLaDS技术原理介绍
	2.4 高吸收度条件下的仿真实验
	Fig 1
	Fig 2


	3实验系统设计
	Fig 3

	4实验结果与分析
	4.1 不同吸收度情况下WMS与CLaDS的对比实验
	Fig 4
	Fig 5

	4.2 PD-CLaDS实验系统校准实验
	Fig 6
	Fig 7
	Table 1

	4.3 线性测量动态范围上限
	4.4 线性测量动态范围下限——检出限
	Fig 8
	Table 2

	4.5 相位式CLaDS线性测量动态范围

	5结    论
	References
	Abstract

