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Abstract: A measurement system based on the spectral absorption was established to measure the N, O
concentration accurately. First, the relationship of the second-harmonic, the first-harmonic with N,O
gas concentration was demonstrated in theory. Then, a N, O detection system for trace concentration
was designed based on a Distribute Feedback LLaser (DFB). By using the light modulation and lock-in
amplifier technologies, weak gas concentration signals in the strong clutter background were ana-
lyzed. Finally, the detection performance, anti-jamming capability and the repeatability of test results
were verified through experiments. Test results indicate that the system can offer the measuring range
from 0 to 1%, detection limit of 5.0>X 107" ,and the relative detection error of 0.11%. Furthermore,
the linear equation is Y=192. 699 09 X— 0. 006 24, the linearity is 0. 998 07.,and the relative standard

deviation is 0. 137 %. It also proves that the CO,, O,, water vapor, et al. have no effect on the experi-
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mental results. By changing the centre wavelength of the laser,the system can be used in the detection

of other greenhouse gases, such as CO, and CH,.

Key words: harmonic detection; spectral absorption; N,Oj; gas concentration detection; Distributed

Feedback(DFB) laser

mn\z

|

N, O SRR FEWEESMEZ — REEE
KATH &R MR 0.3~0.4 pL/L.fHE
No O B 38 I8 500 M H B &8, 25 8 CO, [ 150 ~
200 A5 T H N, O 78 KA P ik Hofase , v
FAa ALk 120 4 JLAE K. i TN S Tk
MR L BRI NLO W BE DL AR
0. 3% HHE R 38 N, BT LAE B b W5 I N O Ay v
EENER,

Har. B NANH TR N, O Bk FEER
FHERE B, e BA R RS B L AT A R AR
S B A 2 — SE U R A DA R A
e R B B 5 4, B F O, Ho O, CO, 19 T3
SR N, O B €0 3% 3L 28 U 4R T 52 )
AT X N, O SR I 5 0 i 5

AR SCHE 43 AT U DA T A R Al L, SR 40 A
i (Distributed Feed Back, DFB) 2 SR 048
Ry YR 308 28 X6 80 6 TR A 8 R S B S A
N, O AR BE A5 B — L 0 Dl A I, A ik
B 5 — YR I 1 LU R R N, O SR VR A
R 15 2% A 8 DL T O 28 B B R S A A
XoF S5 AR 5 1) Y T R ol I A T PR i
H A 2 G0 TPk I A I 25 . v] 48 R 37 8
PR R B8 5 0 R ) 5 0 st i s i

2 N, O #m & %6 R 2R LEH

2.1 ERENERRE

R b 2R -B11A $F (Beer-Lambert) %E . it

ar AR N L B A B0l KR L
(8 AR WA S5 I 7 2 0o 0 A5 1 i R 0

L (VD =T,(MDexp [—d(DCL] , @y

9 QO S AR M F B B AR TE RS SE B A

Ab WA, C S SRR BE . R4 AT A

In( 1./ Ii,)

C= TOL (2

F 3 C2) AT, 26 U 0 b D RORS B X
No O S 0 W e B, 658 5 N, O SR 25 1
WS, G A5 B 5 SR MR B A DG, SR A A
fi 1 O P AR Ak AT DL R A B SR R R AR B

ERGRIT R P G URRR E e A B |
Hi T2 e 6 I R AR AR 45 ok T4k, i
T N O AR AT 5 W HL AR 55 W 75 15 5 A X 388
5, BV R 8 A /N B AR R LG P A% 8 i 0B D
AR ME 4 IO Fh 2 2 T R B9 RES 1E S, Rt
EARSCMRFE WIS B P SIA T IR A,

R T PRI T ORI R TAE R
W EEIM— RN fIERES

() =1y nsin (wb) , (3)
o, RO RRBUE B TAER W, p o H 3 R
il R AR w=2x 1,

BT A RS O AR 0B 2 A R IR Y
BRI, BT LRI A F I 8 SO 1 LR O S
32 SR N IR ], EL R 0 R B A R Y
el i i E AR R R S OGS GRS

L.(t)= Io[lﬁ—qsin(wl‘)] , 4)
K L A P8 HE 5 BO6 A B °F B0t
P HE REOLES AR (DA,
L (X ) =IL,[ 1+ ysinCwd) Jexp[ —d(DCL] . (5)

TEIE L1 A0 B, AR B WO R BRI 2 Ak
e BE LA /NI 3l 0 () CL<<1, /] DL AL B

exp[—d(DCL]~1—a(VDCL . (6)

FEBETT AT A v, 5 i 1 U8 e R AR /D (2
0.05) ¥ 2 <1, 4 A G 465 R IF, Z00% &
B3 I, nsinCw)d (1) CL 7] LATE 3 .

L (A ) =I,[ 1+ gpsinCw) —d (D CL] . (D

R4 SR 43 1 0 W A £ 100 L 28 5 A O B A
HRET RN (7)) R IT A A HL i BT A, AT LA
A — YRS i 0 T S I A 2 )

I, =l (8
I,;=0.343CLa I,. €D

AT DU 2 — YO i 43 1 32 8 el A o o
FEGIR, O B OE B PO O ¥ okse L, 5K
PRV FE A HAEIR R R e SO SR Y ok BE A, —



2156 e KRE TR

%20 %

YOI i SR E RE LR R . ER G
SRR, B TR IR BN TS | T AR R A Ok
T, Oy L IFARRE W, T RO
WIS R Z ARy 1, 284k, W] FH R
TR — U U 0 LU AR A 2R 40 1 i s o T B DG R
U 29 25 AR M S S G T 25 SR A S T G
W 55— U B LR

Ry=1—0 su3cr 2 (10)

Iy "

M AO AT LAE L HhE R S84,
SARMOE R LG IR I 0 9 N, O ARk
2 rh 1Y W I ZR O 0 L Ry B 2 5 AR
JECAH R, HEMEH Ry B9 K/, 5] B 3 it
B N, O SR E C,

2.2 RHEHEWM

R TR D A T e, A S G T Y R G n E
1R, F AT 5 K AT DFB Ok
s DU BCOG 2 0 8 R R R R R AL O i R
g5, KRBTSR G2 L O F B 2% L BlAH R
Ll B AU R S A B R . AR HIT-
RAN B 45 FE, N O AR W W 4 b oo B8l
6 568.342 43 cm ', MR UL LR B BE R 2. 2 X 10 %
em/mol « em ™%, AT AEAR SCR T & R G,
FHTHEN 1522 nm  IE K 5 mW R
DFB 3648 . 5 il ok AR B 8% 19 78 AL D
AR O 7 TR DXL S0 B A B o
SRR . BOLR R TAERE S 25 °C .
LN 60 mA, SEE i 50 Hz AR AR 2 % 49
Tl P T P RS L A O IR T N, O AR IR 2k
1 522,45 nm, OGS 0K H #1520
~1 524 nm, [FIBFA TS OB LW,
TE4E A b B e ) AR 32 4 kHz 1Y 5 40 IE 5%
R SO A 4905 0 IR I8 L 3 50 v 3 o
e UE 5% R A 0 R Ok o A R DU A M g
P g 00 A RIR I R L

SEgy L G HL AR AR E £ T PIN 8 InGaAs
6 L A S AR K # SR A 19 K24 11 SR830.,
FEMEAT RS L G I B 8 o e 5[] B 7 2
W9 H S 5 5 10 5% WUE S S . o s O
i 1A R AL S OGS O R A R A R RIS 90
L, 38 b SR WG » B TSR 638 WOl L 78
BRSO BOCAR T CN Lo A0 IR Tt 199 o 15
BRI BT R (GRIND B 42358 855, 4 0F T #8006 F

AR

faliias |- DFB “9"
wEET - BEE

R 4 I LR

IESZ LB

ref | BARRCA R
SR830

Bl S RGEm

Fig. 1 Structure of experimental system
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Fig. 2 Internal structure of multiple reflection gas cell
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Tab. 2 Results of measurement in repeatability
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