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Optical Multipass Cell Based on Two Cylindrical Mirrors for
High Sensitivity Detection of Methane
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Abstract The optical multipass cell has been widely used in the detection of absorption spectroscopy to increase
the optical path length and improve the detection sensitivity. A multipass optical cell based on two cylindrical
mirrors is described for application to tunable diode laser absorption spectroscopy. The multipass cell has the
characteristics of simple and compact structure, high efficient use of mirror area, longer optical path length at the
same base length compared with traditional multipass cells. Rotation of the cylindrical mirrors and variation in the
cell base length have been used to achieve different spot patterns and path lengths. CH, direct absorption
measurement using the multipass cell with a fibre— coupled distributed—feedback laser at 1.653 pm has been
performed. Detection sensitivity of 0.68 pmol/mol is realized for absorption optical path length of 13.8 m, and the
detection of atmospheric CH, has been achieved with the system.

Key words spectroscopy; optical multipass cell; cylindrical mirrors; absorption spectroscopy; high sensitivity
detection of CH,

OCIS codes 300.1030; 300.6340; 080.2730

1 51 5

AT 2% 22 38 o 0% 132 1 FH T 7T 9348 B 5 SO0 M O 3% (TDLAS )b A Hhr T 0 26 A 6k 4 /AN ik AR
A S TR B I, 0 T A T SR AT A T A BRI 2 4 2 0 B 0 S AT 40 1 9
5 LR IE s ok T 2o P — A I B B LR A 220 M P I R S AR [ S B L A AL 3 5 A —

e B H: 2015-04-01; B B f& 2 75 B H#: 2015-05-12

ELWB: MK HAB¥HE441127001)

EEB T BRE £ (1991—), 5, BUE AT 90 R, 328 M T i R O e i R M AR T T 9 BF 5
E-mail: chenjiajin64@163.com

SIRE A SR (1962—), 5, Wi WF5E B, 2N RER BRI A5 Y W Uy s RO IO S R e AR O T RIS
E-mail: wjzhang@aiofm.ac.cn(GH# {7 BE & \)

0930003-1



DI I I

AL ST, B R 2 AT White 157, Chernin 71, Herriott b, 25 #iC8E "R A 4% 0t

White 8 223 Wt phy = He Sz 5 58 20 0k, 7T LA S BRI R 7E 22 38 Wt 1 119 22 WS O AR 3 4 R T B 2 08 IR
HECBE S A, AH R XA B THA B A A — S R, AR ARG R, R P 22, 8 T A RIOF T AR 45 BR ) T White
Tt 9 B HIE . Chernin %) 2258 1t J2& 76 White Jth Sl T 00 HE (1024 2258 0t , b S M S S B A B, P DAZE B 1A 1
T BB AT AT BOCBE S A, A ORI T e g 1w AR, O ELAE S rh iR T 5 T DUAR I T B A R
WO, (HR S 52 2% MR ARABCC, BR ) T A /N B A 7 K b ity 1 T

W 5 ST R AR 1 A, X AR ) e S S 1) SRR By, /N R R B A R B A AR N A
BEROGAE 2l i B BN AR AR . Herriott ) 22 58 W R 9 B 1A SR 4B, D2 R G A Kk I AE BRI |
TE WA 183 T 19 D' BRE 43 A, LI 5 1 AR AT A5 B0 A ORI o B9 0BE 22 3 Tt S IR T Herriott 2 22 308 1ib ) Bk i, A7 2K
o AT T R B AR, T ARG b TR AR B U A T 1 SR B S A, (FUR B EUEE N AR S AR . R RO
% 22 30 M 1) A SRR B IO 22 08 ) 5 R P 2 n T TR T AR TR R T R B T LR U A 1 G BE A
CREAE REAR T 0 T AR 1 [ S AT SR GRAIE T 6 5% 1T 1) A 8OR o] AR ANV BN S RO R

AR SCH R T — iR TG 2 08 i ) BB BT, # T T — B TR I 20 W i TDLAS R4
HO PR 1.653 wm 1Y 73 A1 S 45 X (DFB) W 48 JHOG f AE S DGR, SR B W SO 7 2% CHAUR AT T
o AR OF A Z RGeS BT RS CHLART

2 A Z 0 i 2

T B 22 30 0 00 TLAT S5 A PR 1 TR o RAE TRBE ML B O — AN 2R R n B DG AL YT« il A
FPAE R BE I AR IE fi=R/2 o J5 AR TSR 00 i F8 2 A2 R Ry, B EE fo=Ro/2 , U y Bl 5 1), LG N JRER% £ 6=0°
FETEBE M, Mo Y 0 20 S T 220, z=d Kb o A B SEHAE wz 18 Y, x=y=2=0 Kb LA EE -, ABF . 78603 14 Il
T2 NS G 2 FRRTE x=y=2=0 BF I DL A BE o DASE DAL H 2 o 8 S B SR B3R, Jim A ThI 45 5 22 T e
A3 0 £ BE 6740 , I Lk B4 3 14 i B 1) 1 d o

PR 1A TG 27 22 3 il 1 LA 235 44 ]

Fig.1 Geometry of the multipass cell with two cylindrical mirrors
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Fig.2 Spot patterns on the mirrors after reflectance for 50 times, d=160.7 mm, f;=£,=250 mm, 6=38.5°, ¢,=—4°.

(a) Calculated spot pattern on the front mirror; (b) calculated spot pattern on the rear mirror;

(c) observed spot pattern on the front mirror; (d) observed spot pattern on the rear mirror
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Fig.3 Spot patterns on the mirrors after reflectance for 162 times, d=152.1 mm, fi=/2=250 mm, 6=40.9°, ¢,=—4°.
(a) Calculated spot pattern on the front mirror; (b) calculated spot pattern on the rear mirror;

(c) observed spot pattern on the front mirror; (d) observed spot pattern on the rear mirror
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Fig.4 Experimental schematic diagram
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