943 %5 11 T o M Vol. 43 No. 11
2014 4 11 A ACTA PHOTONICA SINICA November 2014

doi:10. 3788/gzxb20144311. 1125001

2L AN AARAG I 3 I AR 5 TE A B TBOR A
Bt 55

Bk AT R R S HR FAE R, E—T
GEMORE BT R 5 TR RBOEHR TAEFRE LR E SRR LR X, KA 130012)

W OERT TR ERGEG IR N A TR ESEST PRI E — ke = Rk 1E
TR T —AiE AT ER A AR KB, KRR E XA K R AR R 2 LA A Simulink &4 F &
METHENERZA N EIRRTHAFRIE RAXFETLEEZES B H S, R FHIEH
THEETHARKXENRAED . CEEZHIOCBHE AREMREZE ARKBELE 255
MRE BUERZEEAR. EBF. AR RN RBETAGFEEZEZFTHEAFANE T ASHMAKXED
WBE T RELSAREEZETHREMRTERMNETS s, — 2K B AKEFHiX 0.999 94, &% KR £/
FAUN EHRFEEE R R ERMBR AN ENESEAZFNE T, B A LT T kA 0k
SAEALELST RIS EEST B RS RS MB LR TH . LA BREAESUAAR . —RFE R
KEEZDT3.5%. A% LH RIFHB T AN, £ s SRR P LA 45T 6 5 A5 %,

KB kM ;4 Sh R GE s AR L SRR BRI R B R S E B4R A K B

hESEE . TN2L X HEARIRED A XEHS.1004-4213(2014)11-1125001-6

Design and Realization of Harmonic Signal Orthogonal Lock-in Amplifier
Used in Infrared Gas Detection
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Abstract; In order to efficiently extract the first and second harmonic signals from the differential signal in
infrared gas detection based on tunable laser absorption spectroscopy, an orthogonal phase lock-in
amplifier was developed. According to the principle of orthogonal lock-in amplifier and harmonic
detection, the simulative experiment system based on Simulink platform was set up, and its functions
were simulated and verified. The hardware system is designed and developed by adopting a digital signal
processor as its core controller, which is mainly composed of a 90° phase shifter, two analog multiplier,
two low pass filter, a differential signal amplifier and an AD converter. In experiment, firstly, by using
standard sine-wave signals with tunable amplitudes as the signals to be measured, the amplitudes of the
output signals from the fabricated lock-in amplifier and the standard amplitudes are both tested and
compared. Good linear relationship is found between them, the linear fitting degree is as high as 0. 999
94, and the maximum error is less than 4%. Secondly, using the simulated differential signal with gas
absorption as the signal to be measured, and by using fundamental square wave signal and frequency-

doubled square wave signals as reference signals, both first and second harmonic signal are extracted.

BT EREH T3 (No. 2013BAK06B04) | [E % B & Bk 2% 5 4 1 H (No. 61307124) , & #h4 BH 4% & J& 1+ X 31 B (Nos.
20120707, 201101036) Fl K F i @ Fr A& fE5 B (No. 11GHO1) ¥t Bl
F—1EE EKA989—), &, W5, FEMIT M LN L. Email : bing137090227@163. com
5 V. £E—T1956—), H, #H¥z, WS, ZEMTIT M NLIHEE F2. Email: wangyidingd8(@ yahoo. com. cn
BIAEE B H982—), F, M4, BlHEZ, BRI LR TS R4, Email:zhengchuantao@jlu. edu. cn
Wi HHE.2014-03-11; % FH A :2014- 04- 29
http : / www . photon . ac. cn

1125001-1



ot T

EE ¢

Because the second harmonic signal is too weak and easy to be polluted by noises, its detection error is

less than 5%, and that of the first harmonic signal is less than 3. 5%.

The proposed system has good

applicative prospects in infrared gas detection due to good stability and high price ratio.
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Fig. 1 Block diagram of principle of correlation detection
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(b) Fabricated lock-in amplifier
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Fig. 4 Orthogonal lock-in amplifier and related signals
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Table 1 Experimental results of the orthogonal

lock-in amplifier

Input Output signal/mV
/mV  f=1.0k f=2.5k f=5k f=7.5k f=10k
50 51.4 51.6 49.5 51.9 49.7
100 102.7 103.4 98. 32 103. 8 100. 8
150 148. 6 145.9 148. 2 152.5 146. 7
200 197.1 196. 4 199. 6 199.8 197.6
250 250. 4 246. 2 249. 3 245.6 246.7
300 295.3 300. 2 301.1 297.4 297.7
350 346.7 349. 3 349.1 347.0 347.9
400 399.5 395.1 400. 1 401. 6 397.5
450 447.5 448. 7 452.0  448.7 449.7
500 496. 9 498.9 500. 7 498. 3 501.0
Max error  2.8% 3.4%  1.32%  3.8% 2.2%
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