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Abstract As one of the greenhouse gases, ethane can promote the generation of photochemical pollution and
destruction of ozone. Due to its extremely low concentration in the atmosphere, it requires a sensor with high
accuracy for measurement. A continuous-wave interband cascade laser (ICL) based on mid-infrared sensor system
with high-precision of 107’ level is demonstrated for detection of ethane in atmospheric. A multi-pass gas cell with
volume of 220 mL and an optical path of 54.6 m is used. The LabVIEW visual instrument platform is used to
program the scan and modulation signal as well as their superposition. A date acquisition (DAQ) card is employed
to output the signal of the ICL driver. The output signal from detector is acquired by the DAQ and programmed by
LabVIEW for data processing such as lock-in amplifier and second-harmonic extraction. Experimental results show
that an Allan deviation of 1.86 X107’ for ethane with an averaging time of 1.67 s is achieved, and it is as low as
0.026X10 "’ at an averaging time of 775 s. Outdoor atmospheric ethane concentration measurement is carried out in
a compressed natural gas station. The experimental result shows that this ethane sensor system has a great practical
value in application.

Key words sensors; infrared spectroscopy; trace gas detection; ethane sensor

OCIS codes 280.1120; 280.3420; 300.6340; 300.6360

KRB 2017-10-27; WEMEKFHAH . 2017-11-18

ESTH. HEHAR =S (61775079,61627823,61307124) " A4 H KB 54 (2015A030313442) ) R4 & & 2
KA F5 7 A O R 32118 (YQ2015071) ) AR A B 11K (2017A020216011) |8 5K B3 % 3 42 (201508440112)

TEEB N FEBR1984—) 2 W B 282 BN F SN TR IRE AR I M F 5 . E-mail: wlye@stu.edu.cn

0328020-1



Es i

1 5

ZBE(CH) R RRAMEBEW 22—, Zilk
AR CH AR BGR S 3% ~12.5%,
WK R AR . B4 CoH RIRE R R
— X RAZ AR AE A R AR
Britz b, CoHs SR be B RR B LR EA Y
(VOO Z— FEZ S 20l & — & kit 2 R A —
TE WA 2E R, 18 B PML s Fh . DRI, 52 s A 0 =3
S CoH & i W RIS R A % iR
My AAEEE Y,

WK 36 5 & 3k 1 R AR R T s AR R WL OR
G e N R R e W N B R 8 e~ G ]
Co He P BE 25 A A v i) s 0 o AR J A7, 4R
PR B o [ A A KA C, H e B8 4G I B0 A 5 A
IR H T Co H 78 KA 19 v B A AR R
BN 107 9, H G A Tk &, TR 4L
A AR O AR WO B (TDLAS) 35 02 — k2
Sl )y 3 o IR AR A DU v E A — R I
NS b rig: | K= O 23 [ o 5 A Ry a2 I
YA O TR 3k 9 O R A 3K B GOk SE B
i 2 B AR SR g 1) B Y. B RO
(QCL) Fv i) 2% 1k 6 #% (ICL) 0] DL & TDLAS
D7 X R B E R

A 2T 4h ICL, F ] TDLAS # i 7
BT —ANERE GCH AN RS, ZEASEW
PRI T B ATk 5] 10 f g, nl 8 4y I o K <0
R CH A BN AR, RXAAT CGH &
SRS N A i e 3 | R0 1 B N B D | e
Lk HITRAN 088 2 L 801 i 8 17 BA oo
C,Hy WU iy 3.3 pm AP 2T AR X B2 Bl g T ek
K (H, O) , AR (CO,) K HA RS W W TS
TRHY Co Ho B omme e 2 . i A BL i S 3% 3, 3 i
fi] 2 ek 3 A I [ O AR R R A T U
AR T ICL A9 H - B -0 KOG & il 4k, 0 i 7
) THE AR G H, IR Y AR R R KRS
o, B b LB RS R HR L AS R T
/Y ICL W65 5 W BE . A LabVIEW “F & %
B ICL 4 L il 1 A5 5 B L & e s 22 )%, LA
A5 25 A5 5 B BIRE 0K B O A S 4R
OB IF . A B X 3R G E A7 ok B A o B AR o M
5. R R GHCE TR HE AT Co H Wk EE B
B IE R G M RE .

i

2 C,H AR5

2.1 REHM

CH R ARG S ME 1 iR mBI5t%Ys
HL 2 BB 4, 2= 3B 438 75 [E Nanoplus 2 7] B9
3.3 pum%S i 22 P 21 A ICL AR OB IE, % 1 630 nm
06 VRN FE R OB TE . AN SETR K o4
G (DM & B — H OBk, &0t CaF, ROGH
K2 A1 R 5B (ML AT M2) i A Z2 38 3t (MPGO)
(Sentinel photonics A ®]) W, % £ @iy ¥ B R
SR 17 em X 6.5 cm X 5.5 cm, AU 220 mL, £t
TGRS UE IS s A GZAE 2238 i N #E AT 435 RIS,
SCEE 54.6 m A ROERRK R, gt L i 1 5
SCIE B — AN R S BE (PMD 43 B 3E A B L R
W#E (MCT) (#1535 PVIATE-3.4, VIGO 2 7)),
HL22 RGALHE X ICL N &2 SR 804 #% (TEC) 5
FHORS o 4 o1 %) L B 5 i #% (TC) (RS LFI1-3751,
Wavelength Electronics 2 7)) LA S OFs B HE R £ R
(DAQ) (B 5y USB6356, NT 23 &) iy th 1 JE A5
45 Sl TICL 9K 2l ¥ A 5 19 i 30 3K 8h 28 (CD) (B 5
4 LDX-3220,ILX 2~ d]) . RS 8 TDLAS, 3K 85
SALE X ICL 47 5 0 AR S5 = A e A il iy
WE 5L . N R GRS A, 32 5 T A% 3
LA F2 30 g LabVIEW 3 g0 5
ICL 3K 3h B 5 #9413 K 8 i 15 5 72 % . 8 13 DAQ
AR HDLE 1 M & ICL B Bk g 28 v, W RE A
A DAQ 3 WCEE W 28 B 0 B R fE, 7 W —
LabVIEW )% I 4 5 B A KB ¥ 30 kil
WAE S5 2, F5 40, o S8 22 0t ST B KU
AR AE - R AR B ) il 4 (PO PR H5 2 3 it Y
R 13.33 kPa, IR F Ui & 11 (FMD S5 B W
S
2.2 WRULLERE

RGP ICL thb &G R 3.3 pm, 7E 1%
FEMEE T =300 K, K71 p=13.33 kPa, i & L =
54.6 m.C, Ho BB 110 SRR Ll it A
# HITRAN %5 #4435 7 CH, .CO, .H.O.C, H,
MG 3, B 2 Fros. B 2 w0, CoH 7
2996.88 cm ' Ab B A B um 0 W g, B4R H.O TR
2996.39,2997.65 cm ' Ab L HAT 2 AN Wi 0,
FEARXS Co He & BT He: AR B0 1.8 X 1070 1Y
CH, WU Iy 2997.94 em ' %F C, Hig S 19 1% Wi
BATARATT 5200 5 76 % 063 X N, CO, H: TC AT AT W i .
P, L 2996.88 em "Ab ) C, Hy Wl £ 0 H

0328020-2



ot 2 2 i
alignment
laser TC LabVIEW
< [ signal
ICL ; \_acquisition /"5c)in ‘
; &5

laptop

B 1 EFrpadh ICL i G H R ARG R B K

Fig. 1 Schematic of ethane sensing system based on mid-infrared ICL
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Fig. 2 Absorption spectra of ethane, carbon dioxide,

methane and vapor
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Fig. 3 Relationship between modulation amplitude and

second harmonic amplitude or modulation depth
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concentrations of ethane
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