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Measurement of Absorption Spectra of CO, at 6320~6336 ¢cm ™'
Using Temperature Tuning Technique
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(State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University ,

Tianjin 300072, China)

Abstract There are some disadvantages in the current tunable diode laser absorption spectroscopy (TDLAS) . such
as tuning range, tuning time and system complexity. A fast temperature tuning method of broad spectrum is
developed and the dynamic wavelength of the laser is calculated precisely during the temperature tuning by means of
thermo-electric cooler ( TEC) and negative temperature coefficient (NTC) thermistor integrated in laser diode

module. The spectral measurements of CO, absorption lines from 6320 to 6336 cm '

are performed at room
temperature by using fiber-coupled distributed feedback (DFB) diode laser operating at 1.58 pm with measurement
time less than 3 s. Eight strong absorption lines are obtained and are compared with HITRAN 2008 database, which
shows that the deviations of absorption line positions, line strength and full-width at half-maximum (FWHM) are less
than 1% , 3% and 6 % , respectively. Additionally. the corresponding spectral parameters of 14 weak absorption lines
are very consistent with those in HITRAN 2008 database.
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Fig. 2 (a) Schematic diagram of temperature tuning TDLAS measurement system; (b) dynamic thermal tuning process

4 R R

ST 2 iR i) TDLAS 5255 R 40 KOG 4 1
OKZ HEL B E O 50 mA B AW E L SR S X G A E
A7 U B PR B 2 SR 16 5 o i 5
BEAERE G 3 WS 5 5 2R 5 TR OE &R i —
ANEWEH Ry 47,5 mA R 13 kHz 1 1F 5% W U 4]
il o IR ) H A 22 1 2 %5 (26 kH2) IE5% (5 5
VER AR O 19 2 %55 BRI W SO 15 8 — vl
WCHOEES R, 2 A-D 4, 3854k 2f W6
WA . SR LR A ERE S 15 m, TEC 383
HL o — 1.1 AGEEE IR Ao + 1. 1A OE#R
ORI IR TAE IR BE K 266. 65 K(—6.5 C), 45 i
296 K.CO, RF/0%0k 10 %0, Fk 3 i 28 P DGR i 42 i
JETE 10° Pa,

MR LS Y — 6.5 'C~33.5 CHf, ¥t
10 B T UK R B S Bl Ol 6320 ~ 6336 cm !
(1578~1582 nm) , i3 F 1 CO, F 4 W U (5 Fi
2f W AR S 45 R4y an 18 3 Fn &l 4 s M4 E 8
ARSI L I HLRT LA B 8 AN R s 0 1 437

M35 Beer-Lambert Z

101

N o =
S = )
T T T

Absorbance (a.u.)

=
o

o2 el .
6320 6324 6328 6332 6336
Wave number /cm™!
& 3 CO, £ 6320~6336 cm ' 5 Bt iy B 4% R OB 1Y
Fig. 3 Direct absorption spectra of CO, gas
at 6320~6336 cm ™!

I = Iyexp[—a(WPL], (2
] AR B E SR R B R R

A:—lnll:m)PL. (3)
(LS SO IRI il 3

aly) = Sg(v—vo)N, (4)

BT CRESE W) LI, AW . AR
WG . P ORI S AR 43 38 (10° Pa) L L A K

0130004-3



L
&

i

»g,
7

e

40
3 30 O
= °
& 20 2
2 5
S5 3
B 110 £
[<b]
§ &
AR P
: : -10
0 1 2 3

Time /s

P4 BOG & IR I8 3 R S e R) A A Al 5 R L K TR
I 5 g CO, 7E 6320~ 6336 em ' A9 I K 0 il

T UG I (WMS-2 )5 5
Fig. 4 Measured DFB-LD temperature and synchronous
wavelength-modulation spectroscopy with second
harmonic detetion (WMS-2f) signal versus time

during temperature tuning

W% 42 K BE Cem) s o (v) S SR A9 W00 &R 5
(107 Pa™'eem *) IR UK RECH a(vy) s S H 53
F WL IR (em ™ eem®) L g (=) N IH— AT
AP EL Cem) s N OO B R 5 (107 Pa, DLF 2243
T 5 49 Ay M (D) T B A R A IR AT AR 1Y EORE T 5

(1077 ecm ™ *+Pa "), HPOEHI R (cm™ ') wuy A H L
WA ZE Cem ™ ),

— e TR R AT SRR T 2 kPa B,
Z v EEAE N i R R i 2 Y
AR AR Al 43 90 62 3= B4R T L i R iy 46
TN U A8 25 i 26020 SR A F T Z ) e
i o 2238 5 Jre v 55 Al A T A (W) E AR T it 2 e
i Voigt H k.

S S T R XTI RDN (87 48 W N VAT
107 Pa i i) MR B R ¥ AR 25 B 1)

1
g1 (v—y) :ZE

Av, =2y(296/T)"P, (6)

Ao A 1R S [ 4 58 (FWHMD ], T 2
WL n Ryl BE R AN

S rh CO, TR ECH 1020 B R B P 540 R
TR CO, 23 FH0h 1. 3485 X 10% , R 1500 cm,
JE5R A 10° Pa, JeE R 296 Kol (3) ~ (&) XL HH45 4
FEM S B IA5 1 Av s B DA B INAS 1 CO, J3 1%
Wl b F) 285 R 45 S 5 HITRAN2008 i 2 1k
177 AL AR AR 1 s,

£ 1 ORISR CO, UATE 6320~6336 em ' JE B Y 8 MEIRM LGS S 405 HITRAN 2008 % 22 b [L 4L
Table 1 Comparison of measured spectral parameters and HITRAN 2008 for 8 strong absorption
lines of CO, at 6320~6336 cm ™’

HITRAN 2008

Measured data

Line strength / Line strength / FWHM

Wave number / - FWHM / Wave number / - FWHM / Line strength )

(107%cem™' - (107%cem™' - o deviation /
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6332. 6577 1. 5780 0.1794 6332. 6580 1. 5506 0.1750 —1.73 —3.01
6330. 8213 1. 5070 0.1832 6330. 8220 1.4748 0.1813 —2.13 —2.16
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6327.0609 1. 2750 0.1912 6327.0636 1. 2648 0.1914 —0. 80 0.10
6325.1374 1.1330 0.1954 6325.1326 1.1263 0.2023 —0.59 3.53
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Measured data

Line

Line strength

) Line strength
Line

No. /(10 % cem e FWHM /cm™! /(10 % cm e FWHM /cm™!
position /em™! ) position /em™! )
cm”) cm”)
1 6320. 1278 1. 200 0.170 6320. 1203 4.16 0.2990
2 6322. 2201 1. 350 0.168 6322. 2166 4.07 0. 1827
3 6324. 2304 1.710 0.172 6324. 2640 2.72 0.1777
4 6326.2175 2.130 0.178 6326. 1819 3.57 0.1711
S 6326. 4421 2. 360 0.176 6326. 4321 4.42 0.1622
6 6327.6138 0.414 0.192 6327. 6147 1. 83 0.1341
7 6327. 6521 0.393 0.174 6327. 8765 1.14 0.1632
8 6328. 1810 2.590 0.178 6328. 157 4. 20 0.2104
9 6328. 4874 2. 850 0. 180 6328. 4415 4.48 0.1686
10 6330. 1208 3.100 0.184 6330. 1186 5. 31 0.1863
11 6330. 5027 3. 380 0.186 6330. 4391 2.14 0.1270
12 6332. 0369 3. 640 0. 188 6332.0221 5. 30 0.1670
13 6333. 9289 4. 180 0. 188 6333. 8984 6.18 0.1774
14 6335. 7968 4,700 0.194 6335. 7481 7.58 0.1693
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