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Abstract The precision of gas detection is affected by each function module performance of the system, when
tunable diode laser absorption spectroscopy (TDLAS) is applied in gas detection. So the output current noise spectral
density and the responsivity characteristics of photo detector are studied. The paper deduces the expression of the
output current of photo detector, and the conclusion that the current is related to laser relative intensity noise (RIN),
which exits in TDLAS experimental system. Effect of RIN on the output current of photo detector is studied by
simulation, and the curve of current noise spectral density on different conditions is given. To avoid the photo detector
responsivity being affected by ambient temperature, a real-time correction method is designed with the given
principle and formula. Taking ammonia gas as an example, the concentration curve is corrected by using the method.
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OCIS codes 300.6170; 300.6260; 200.4560

1 5 5

T 5 B 9 SO M O (T LAS) S 1 T 000 38R 32 e 745 D0 2 A 02 S T 0% M S 3 £ J6 0 A /< Py
B — Pl RO, LA R R PR AR ST B A LR S L AR I R SR
TR ZHM,— P2 R 54 T BRI 1 1 B L 1L b i FR I 28 02 TDLAS 28 8006 A T /0 B 20 S5 4% , 48

Y75 B H3: 2015-8-10; Y7 2 & 20 # H H#9: 2015-10-9
EL£WH: BHRBHH I (2013BAD19B03) K i 7 b H 3 Ailf 5 15 15 2 AR AF 58 71 2] (14)CYBJC22800) K H: 1 B 45 Uk
5351 H (15]CTPJC60800)
EREA: £ #M1979—), &, Wi+, FEMRFOGIBH AR F I P . E-mail : wangyanzr2014@sina.com
*BIEEBER A, E-mail:zhangrui@tust.edu.cn

0230002-1



Dl R R

FH 2 22 3 1 D A W e Y D 15 4R 5 BEAT D M B 4 . TDLASAG I A5 5 32 0/ v 4 I i 110 i 1 vl U MG 7 3% 2
JRE RO 7 JRE R R WD B U R R R R R TR S R A M OL & B E B IS 1O K DA R RS HL
H R R AR o RN S R U AR DA B R L, 2 R I A R AR 25 o O AL R DN 4 R O MR A DO A A
Xt 5 B P (RIN) A =, 70 A ] T el 30 M P 33 o RE R A ™0 H A, B AR 2224 3 P98 1 304 RIN 7 119
™ R B R R /N A OB SR AN T S B0 RIN Y 52 ", L B RIN M7 X% TDLAS & S8k 45 5
PR M, SR T 3 SRR I oA 3 1 AN T 28 01 IR D' FRL 00 45 Fi O M P 0 L B A T DL o A, Ol F R 4 1)
W) 57 J3E 2 it JBE 582 W), 5 SR P 28 80 0T 000 e < BRI 1 R G B 2R Ak

BEXS B GAR )E, AS SO BRE B A3 AT T RIN X G o 00 g B U I B2 L, 20 10 1 AN [A) RIN B R N AN TR
I R o S R 5 LSV 256 D) 5 Poco I 1 't L P00 25 1) HRL I PR 7 2 B2 a5 () I, 6T T R 88 0
JEE 52 B 350 i B A8 A BT B2 IR SR ) — b UM o R S IR IE T B o DA AR e AR IR 4R G T AR SC BRAE AR B
WA R TR ARG TR

2 L HEN A

S AR FE A TDLAS 2 48 b7 ot s B B (0 2 0F L B L2 TDLAS SRR M RS0 . R & B4 40 A
{5 (DF B 2 WOEIESh 2 Vi 55 2 B Rt e Fl D B B K B BT BOK B B R
R RS ALIE R R 4

GPIB interface laser

- controller DEB laser

L]
: b. gast.
absorption
1 | modulation scanning cell
signal(sine) signal(ramp)
USB interface ¢
data acquisition lock-in 4
cand — amplifier «— preamplifier |<«— photodetector

K1 TDLASSCI &5
Fig.1 TDLAS experiment system
SEHS ZR G0 B InGaAs ARG HL B 2%, T 4E 3% K98 FHE 900~1700 nm , HOG 33 e o7 il 28 4n & 2 By
7N, FE UK 1000~1600 nm P i i [ 28 4530, HL 30 90 85 B R B 98 4 43 4 9 BB R 7E 0.2~0.5 nm 22 [8] , R 1
TR0 T e B R 28 BT AT LA AR
(1).3 T=25"C
08 =T \
07 o \
0.6
0.5 e |
04|~ \
0.3 /

0.2
0.1

Responsivity (A/W)

0 1 L ! 1 ) ! 1
900 1000 1100 1200 1300 1400 1500 1600 1700
Wavelength /nm

P12 S L AR 35 1 1 e 7 11 2%
Fig.2 Spectral responsivity of photo detector
3 HL M R R
DFB JHOG & B9 B E A B AT R

0230002-2



DI S I ¢
i(t)=1i,+1,()+ 68, cosmf, 1), (1)
S i(e) i 3 EB 43 H I A ALK do SR RO BIR B i AR B 1 A 3K Sl I R v RO A S R i Sk (I
B S5 B, Sicos2mfot) M E TR H5 5 B . FOEHRETIR PN
P, (t)=P,+m,,[i.(6)+8, cosmf,1)] , 2)
T PoJ HLUEA o B B 6T 38 a2 DFB IO #5 76 55 T B (6 A 3 B P O - D R i e 4 R B, ARl 1Y
STH PN

P (t)=P, (1) T[s(2)] . 3)
iPD(z)=RPgus(t)’ 4)
A Tlo(e)] o850 FR 80, RZ BRI 25 0 5% 00 B, d,, (o) 2 PR N0 25 0 010 PR IAE o 2% MR 7 52 ) R JE SR W i
iw(t) ATLAE
in(t)=RP, (1) + RN (1) +i,,(1) (5)
R P () AR ()20 A5 B B iy O TR N () 2 RIN, BB 2% 77 A2 00 B A0 A9 6 T 3B B, () 78 G HL R
5 HRORE M 75 - 25 A0 i A\ R 7 PR . ORI MR TR SR TE G B T MR B T AR SO SR A — E A e L
UL T 7 3 2 AR AR O, SO % B (), S N (0) R don(0) B SZ 0 o TR I, OI6 FEL 45 0 2 £10) B 1Y o, 7 M 75 33 5 8
AT RIN H i M 7 335 99 B R .
3.1 HERRINIEE
RIN i 38 T #0064 H T 5 00 58 B2 38 sl , R 10 i i i At & R 2B B 8h o 72 L E T 2% 1 00 %5
FEL Y, DFB 0O 28 B9 RIN M2 75 B 1/F 45, o BL0.5~1.6 78 Bl 10 7 2248, 5 0C RS F AT 61, RIN & XN
FEHEASBI R 1 Ha 2 56 PR DU 3 9 i - M 75 D) 8 5 A 5 D R i LU ("
f ©)
FPAMRAE 1 Hz o 58 AT B | Lo 2 38 BLUOG L TR , 5OGE R OGEEA G, D 56T 2 i
Fe i, (6)= DG T RACE G R R G . B 323080 R4 DFB OGS PO I K I R a8t ih 8
SEES A SR D P K N 1512 nm, R BE A 29 °C, B TA] 24 b, 3K S M 50 mA L BB L B B N
0.0025 mA , Ty Z P ZAH I 24 0.0028 mW o FH KW LU 78 24 h I, OG5 19 T 28 0% 236 1 0.02 m W, 3K 3
gl AR T F ik sl 5 A 25 — AN B0 9, U B R 3 b i g e i 8 i PR R K g H 3L DRy I B Y RIN M RS
SIS, A XTI 36 0.2% o

NI(H\ =

9.70
9.68
9.66

= 9.64

E 962

o}
£ 9.60
£ 9.58, Ay S

§ 9.56-

954 || |
9.52
9.50

S

LA WLL’WWWM iR

TIX100 3X10°  BX10'  7XI10'  9X 10t
Time /s

€3 DFB OGS O D 328 £ il 26
Fig.3 Change of power for central wavelength of DFB laser

3.2 (FESH

TIF 5 ' v 55 0000 25 1% ey o Pl O e 7S 1 25 B B AT T ST RIN HRL 0 M P i 9 B o {3 Vo LA 2B 1 00 190 I
fE RN, XK 15288 R4 0 A9 DFB 306 # dE 47 7 M 7 0 5, & i TLX 3900 3K 3, il & £ 30 kHz [ /= 4
- 140 dB 1Y Niwo

0230002-3



DI S S

RIN HQL L 8 75 3% 2 B 55 70 B3R A 0 N REERETE R o RIS P ECII R Poo T E 0 BT Nun 5
SR Bl # M7 RIEOG 3% TAEHL P A DG, 78 TDLAS R 40K ik B2 o, N 76— 28 38 Bl 8 22 4k, IR I 7 5 B0 4
B ARTF K1 Nuwo 72386 0 BT 98 500 kHz A3 HT T Naw 19 45 B A3 DTRR R . P SOG40 5 oK 00k )
KON 20 mW, B 35 G HL AR I 2% B S 46 T R K Poco=1~6 mW (FH G T S0 ), R0 5 B4 0 137 i 4 0.88 A/W,
XA InGaAs BRI 5 76U 20 MG % X B AU(E . DU R 20 505 B T AT Naw AR @, ASTR] Poco T 6 HLER I 2%
P14 R A M 7 T

B4 ER T a=1,P=3.5 mW B AN ] N X HL 007 3% 2% B 9 oT ik o i TILEA 1AM i+
FRAA FER e HL R R M R Y R LA 1 R 2 B G AR R P AR 105 Bl
ST R 1T LA R 7 I B B L N 9 -140 B, 2R 48 B3R FiL U R 7 % 4 1 76 500 pA /VHz LA,
DP9 32 75 K T 20 kHzo

—
(=]
T

—
(=3
=

—
(=
©

—
S
m

Current noise spectral density /(pA/ v Hz)

H
=2
(=]

i

1 | |- i
10° 10 102
Frequency /kHz

P 4 AN T) N 25 87T 6 AR 0 485 110 Fi U MR 3 28 i 2k
Fig.4 Current noise spectral density of photo detector on the different conditions of Ny
Bl S HBR T Nuw=-140 dB, Poeo=3.5 mW I A [F] 5 H 3 28 R0 oo X F 300 M8 7P 33 25 2 19 i ik 080 o 01 3% [
FEI B o B HG N, F U R 2 R D . 6 IR T a=1, Nuw=—140 dB, AN [R] Preo X HL U M 75 33
LA TTRR o R T A 1] RE I B Prco B3I, HL U MR P 33 285 B2 B DD

S| || [] i @‘104 P, ,=6mW
2 | a=1.6 3 \it\ / P,,=5 mW r
S~ | e Q::QE:\ P, =4 mW
S0 ERRRNSNN
g 2 10 P TR |
= ) § \\\\\
=] T~ \\\\\\
E RNy MR NG SS S
g B AT S
O S | p l-9amW [T~ Mgyt
a 1) DC m el \kQ\:
2 @102 P lLlmw Tl I
Q © peoT 1T | | | LT T T T~ I
g 2
£ 2
g =
: £
1 I L LI 1 1 INEE! 1
S 01 10° 10! 10° S 10 100 10! 102
Frequency /kHz Frequency /kHz
B15 NTE] o 2510 T D't L 45000 g %) R 0 e s i 2% 5 i 2k 16 AN Poco 25 A T ' HL HR 00 45 1) HL 300 I s 335 2880 32 il £

Fig.5 Current noise spectral density of photo detector Fig.6 Current noise spectral density of photo detector

on the different conditions of « on the different conditions of Py

1 4~6 1T DL M, Bifl 2 18 o AT 23 1) 1 o, eE O R R O B SRR R R HR 6 T IR 4 RNIEL S R A R
107'~10" Y1 FBI s, 90 3% 2 B R A AL I 2, 24 K T 10" A, FREZE S . Xt F 8 6,76 500 kHz 3 [ 4, T 281k
LA A o B AR U IR A B e RT  A FR O MER E  BE AR S I N iR A R e S R R E RN T
B H L M ] 4~ 6 15 TR Y Ve s o Poco, B I TT 38 S 16 56 5006 B SO A% B 5 A B 6 DL

0230002-4



o

el I

4 N R R PR

75 R F TDLAS Z G5 g 47 A0S I B, B85 00 132 090 705 Ak 25 52 M o't o 4 00 4 o o7 B, 3 T 50 728 ' 3% A6 17
S A, X A #%frﬁﬂ@mzﬁz SR AT ZR B8 N A2 i IO B AR AR TR 0 K AN B I FR S8 B B A 4R — S e A
E . RIEARXH
Vio s
DVH) ) -
K € R AR IE SRR BE (R 80, €S2 R IE SRR BE , VS SR 0 s 8300 2% i 1 1 5 1 °F
B, Vi A2 A I Fi 00 25 4 A5 5 B B 09 S 35 1

FEWE KA HCIE R A A, B 155 K A 2 7 A O sl G A IR A A R AR 845 S (e A T8 ) R v AR
JEHIME 5 (E 5% 0) , I H R AR 5 B N5 S A BOG IR 2h 8% F L 30 o B A5 5 5, 8 o6 28 19 i ik
FIN B o 38 o E B 30 OB A8 TR IR R A SR 0 W g 0 7 AR 1A I8 A e A DA S AR 1 U A R M
N 5 /ML A2 A W TS M) =R A 000 D A 3 R A A O A TR v, 3 R AR RN T,
FHECHE R 4R R SR A2 15 30 406 U B0 A6 B TR P, BBCHE i KA R B /N (B 14 1 S5 B4 S 400 26 B s A 5 1
A AFFN Voo FESEBRAURAG I A 8 HR T 2% I AR RO R R D 3 A5 R B A A S
T8 Vi o SRR B FH RS U0l fh 286 0 B 0, IS IE I Vi o 5 Vi B IE ARV B R £, AR I 5 1) SR v
BE 2y T R 28

FEH I 18 CCHY B A 24 1 h, oA 38 A A D St P 00 2 e o3 W (a0 81 7 BT S 4 E R 2.047 0 38 A 1% (1R

B BOM & S5 29 10 h I 5 SR R o 3 R IS A HE 000 25 i R (B A0 1 8 TR, A OE IR AR

i 1 (B AN 1 9 T

c=C =KcC, , (7)

2.10 T T T 2.10
2.09- 2 2.09
2.08- ] 2.08
~2.07 ] ~2.07)
= =]
&,2.06° ! 3206
B 2,05 AR é 2.05. .
= | e T S e
5 2.03 : Z203 ]
2.02 2.02¢
201 | 201
2.00 500 1000 1500 2000 2500 2000110t 3x10¢  3X10°  3X10°
Sampling point Sampling point
PR 7 2 38R SN D' R R0 i o {1 i 2k P8 AR AN I v 00 25 i o e £ it 2
Fig.7 Output amplitude of photo detector with no passing gas Fig.8 Output amplitude of photo detector with passing gas
2.10
9.09. curve{ of coﬁrected gas cd)ncenthratlon
[
208} A W .
& Wity !
~2.07" i | j‘“ Moty o
:‘! ‘\‘Iu, i
206
@ F
g 2.05] curve of /
=) 2.04; uncorrected gas concentration
5 2.03"
2.02F
2.01+
2000 1xq10f 3x10f 8X10*  3X10*

Sampling point
9 ACIE R 5 AR JE it it 2k
Fig.9 Output amplitude of gas concentration before and after correction

17 B s A IR D T B HE R A P, AR S8 A AR D' FRL PRI 45 A 14 ) R (LR AR (R 35 7 2.048 , BE TR I 25

0230002-5



Dl R R
FEAR T A PF T A0t B (e AR E o 71 8 v, ol T 4R i B A A Tt A P, BRI Al 19 2 A X R g A
B R (L A R R ) D> BN P i £ 0 (R R S BOR RN AE o AR 9w AT (7) AURIE &k
fh £, 5 TE A 9 38 R T I T A A B, TR T LR DR R0 45 M 7 B2 8 1 ) S5 T AR A

5 4 ©

WE5E T TDLAS Z 48 ot B 8 D0 2% B it B M2 75 35 5 5 R o) 107 B T P okl o B X0 L MR 7 33 5% 5 e
P D AN [] 25 A4 B % 00 245 1% iy b b 3 e 7 i 28 B 5 O BT 3R 2 ) O AR I 4 o B XS O R N e 1
A2 BE S TR B[R] B FE ORI R G R A2 M AT ER R A S — o S B I R A IE R I BR R A . i 5 ET LA
T8 T e B A IS OB AT G E DL R IR BRI O T A I {5 1R 2, e 2 Ry Ak R A MR TR R R TR G
PRSI -

£ Z X #
1 M Lackner. Tunable diode laser absorption spectroscopy (TDLAS) in the process industries - a review[J]. Reviews in Chemical Engineering,
2007, 23(2): 65-147.
2 S Wagner, M Klein, T Kathrotia, et al.. In situ TDLAS measurement of absolute acetylene concentration profiles in a non—premixed laminar
counter—flow flame[J]. Applied Physics B, 2012, 107(3): 585-589.
3 Zhang Rui, Zhao Xuehong, Hu Yajun, et al.. A new method of background elimination and baselinecorrection for the first harmonic[J].
Acta Physica Sinica, 2014, 63(7): 070702.
sk B OBRCSEET, WU, A — BT — OB I TY ST BR 5 SRR E A B Ly )] W B AE iR, 2014, 63(7): 070702.
4 He Junfeng, Kan Ruifeng, Xu Zhenyu, et al.. Derivative spectrum and concentration inversion algorithm of tunable diode laser absorption
spectroscopy oxygen measurement|J]. Acta Optica Sinica, 2014, 34(4): 0430003.
ey 2 W, BRGS0 5°, A5 . TR TR OB RO G 1 U S A RO AL BT R SO B R S, OB AT, 2014,
34(4): 0430003.
5 Yao Lu, Liu Wenqing, Liu Jianguo, et al.. Research on open—path detection for atmospheric trace gas CO based on TDLAS[J]. Chinese
J Lasers, 2015, 42(2): 0215003.
Wk, RUSCHE, XU, 25 BT TDLAS 1 KOG PRS- UR B CO MM I ik BT 52 ). h E O, 2015, 42(2): 0215003.
6 Yuan Song, Kan Ruifeng, He Yabai, et al.. Tunable diode laser spectroscopy system for carbon dioxide monitoring[J]. Chinese J Lasers,
2014, 41(12): 1208003.
BORN, WG, A, AR 3R T AT IR SR ORGSR COLME I T]. H RO, 2014, 41(12): 1208003,
7 B Lins, R Engelbrecht, B Schmauss. Software—switching between direct absorption and wavelength modulation spectroscopy for the
investigation of ADC resolution requirements[]J]. Applied Physics B, 2012, 106(4): 999-1008.
8 S M Vaezi Nejad, M Cox, Cooper N. Novel instrumentation for measurement of relative intensity noise[J]. Transactions of the Institute
of Measurement and Control, 2012, 34(4): 477-486.
9 J Nufio, M Alcon—Camas, ] D Ania—Castafién. RIN transfer in random distributed feedback fiber lasers [J]. Optics Express, 2012, 20(24):
27376-27381.
10 M Alcon—Camas, ] D Ania—Castafion. RIN transfer in 2nd-order distributed amplification with ultralong fiber lasers feedback fiber lasers
[J]. Optics Express, 2010, 18(23): 23569-23575.
11 G E Obarski, J D Splett. Transfer standard for the spectral density of relative intensity noise of optical fiber sources near 1550 nm[J]. Journal
of the Optical Society of America B, 2001, 18(6): 750-761.
12 Xu Jianying, Wang Xuefeng, Li Cao, et al.. Method of external optical intensity modulation to reduce relative intensity noise[J]. Journal
of Chinese Inertial Technology, 2009, 16(6): 740-743.
TR s, Eopug, A, AF L OGER AT I 3 40 A O 55 5 WA (7], b BB PR B R 22412, 2009, 16(6): 740-743.
13 E Mortazy, F Shahshahani, Ahmadi V, et al.. The effect of grating structure on relative intensity noise in DFB laser diode[C]. SPIE, 2004,
5468: 154-164.
14 Sharma V, Singh A, Sharma A K. Analysis of the impact of laser line width over RIN, power penalty and bit rate including higher—order
dispersion in WDM systems[J]. Optik, 2009, 120(15): 741-745.
15 N Dogru, Ersoy E. RIN of mode—locked external cavity lasers utilizing a sinusoidally chirped fiber Bragg grating[J]. IEEE Journal of

0230002-6



Selected Topics Quantum Electronics, 2013, 19(4): 1100107.
16 Y Takagi, N Kumazaki, M Ishihara, et al.. Relative intensity noise measurements of 5 pm quantum cascade laser and 1.55 pm
semiconductor laser[]J]. Electronics Letters, 2008, 44(14): 860-861.
17 I Joindot. Measurements of relative intensity noise (RIN) in semiconductor lasers[]J]. Journal De Physique III, 1992, 2(9): 1591-1603.
EERE: X+

0230002-7



