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Abstract: For the gas detection system based on pulse-type infrared quantum cascade lasers, a ps-level
narrow-pulse lock-in amplifier was designed and achieved to accurately extract the amplitude of the
narrow pulse sensing signal. According to the characteristics of the microsecond narrow pulse signal, the
narrow pulse signal passed through a narrow bandpass filter and a fundamental sine-wave signal was
obtained. Then, the sine-wave signal passed through a preamplifier, a phase-shifter and a phase-sensitive
detection circuit, so that a direct current signal related to the pulse amplitude was obtained. As a testing
signal, the narrow pulse whose amplitude, frequency and phase were adjustable was produced by a signal
generator, the detailed functional verification experiments were carried out to validate the performance of

the proposed lock-in amplifier. The results show that, a good linear relationship is found between the
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output direct current voltage and the amplitude of the standard input pulse signal; the fitness of the
system is about 98. 043 % ; the relative detection error of its output voltage is less than 3% ; within one
hour’s test, the fluctuation range of the measured signal is less than 1%,. The detailed gas detection
experiments were carried out using prepared carbon monoxide (CO) samples with different concentrations
and the lock-in amplifier. Within the CO concentration range of 0 ~ 180 parts per million (ppm), the
output voltage from the lock-in amplifier reveals an exponential relationship with CO concentration,
which also proves the normal function of this device. The limit of detection predicted from the Allan
variance is 0. 412 3 ppm. Compared with commercial lock-in amplifiers, this amplifier has special

characteristics including small volume, low cost, ease of integration, and so it has a good application

prospect for mid-infrared gas detection based on quantum cascade lasers.
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Fig. 1 The driving signal of QCL and the sensing signal

output from the detector
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lock-in amplifier
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Voltage/mV

under 0 ppm concentration
72 N, B8 T, I3t A5 5 B0 0 . 3% 20
1000 A~ s o I H] 8] B A 1. s, K i %%%?ﬁéjﬂ‘ﬁ&f
5% il MATLAB #F XF 5 FE 15 20 1 £ i 17 4
BesR B IF X AR 48 22 (6507 2238 58, 73 1 R AL ) 4% 10
% 22 VR KR I 5 25 R a8 Origin 23 AR F
B B AT E) E g Allan J5 22 th £, an & 10, A

ol DUE YRR R 1L 1s B, RGE W Allan J7 22
J3 7.9 ppm®, T R G AR T RN 2. 81 ppm. 5 4
MHIZE 7T LLE B, 4 B i) | o 84, 7s B, R AW
Allan J7 22 e /N LB 2 G0 0 B a2 1k o 4, 100 Ik A R
KN R FR AT LA #) 0. 412 3 ppm.

10'F
OF N (.179
1
r;E .
& 1
) 10°F 1
2 1
S 1
’§ 1
E ol
= 10} 1 .7,0.
= ! (84.7.0.18)
! 1
: 1
10° 10! 102 10°

Time/s

|10 A0 E# E K Allan 77 £

Fig. 10 Detection precision and Allan variance
AN
4 Hig

ASCUETT IF 52 BT — Fh lORD 9% 78 Ik o 48 A il R
IO A 7S 2l D8 Dk R I L RO A L T vk
B AV D IR P B L o0 /A R FL B L RS R R I 2 .
FHBC 45 B9 A [ 9 1 19 CO RE i B BT sl B B0 A0 ik ok 2%
FFET CO SR 7E 0~180 ppm JE[H N, Fi & CO
WS (38, SR R #R R B RS CO MR R
PRI e 48 800G F L B0 0E T BT BF i % AR K 2% Y
Difg. i@k Allan 75 22 3F 5, W00 T 78 B 4 B E]
84.7 shf , R KM T BR M 0. 412 3 ppm. F& A 5L B
T s B CO SR = R MU A, kT rEre i

FE 5 25 /0N ARG I o G R R 2 B R R T
S A AT AN SRR I R SR Y ZEOR L SR /N FL A
1L,

£ % 3Tk
[1] WENG Zhiyu. WANG CHEN  Gang.

Development and application of gas detection system based on

Ling-fang,

quantum cascade laser[J]. Chinese Spectroscopy and Spectral
Analysis, 2010, 30(8): 2043-2048.
WA, EXI7 . R #ﬁ?%¥ﬂﬁ%?§ﬁ%%§ﬂ’l’ﬁ1¢7f"‘ﬂﬂ' EE
W% RS R AT LT ], 63 2 506 1% 43 #r . 2010, 30 (8) : 2043~
2048.

[2] DANG Jing-min, ZHAI Bing, GAO Zong-li.

driver for multiple pulse-modulated infrared quantum cascade

Nanosecond

lasers[J]. Chinese Optics and Precision Engineering, 2013,
21(9): 2209-2216.

R UK, SR, ARGk e B R 4T AN B RO A
IR AL YRLT]. Je R T2, 2013,21(9) : 2209-2216.

[3] WIDIATMONO R, MANDON J, HARREN FJM, et al.
QCL based integrated cavity output spectroscopy for CO gas
detection[ C].
Research, Implementation And Education Of Mathematics And

Proceeding of International Conference On

Sciences, Yogyakarta State University, 2014 55-63.
[4] WIDIATMONO R, MANDON J, HARREN FJM, et al. Sub

0814001~ 5



kT ow i

(5]

[6]

(7]

(8]

9]

ppb CO gas measurement using a non invasive QCL laser
absorption spectrometer techniquel J]. Applied Mechanics and
Materials, 2015, 771, 133-136.

REN Wei, WEN Zhejiang, TITTEL K. QCL based
absorption sensor for simultaneous trace-gas detection of CH,
and N, O[J]. Applied Physics B, 2014, 114 245-251.

ZHAI Bing, HE Qi-xin, HUANG Jian-giang. Design and
realization of harmonic signal orthogonal lock-in amplifier used
in infrared gas detection[J]. Acta Photonica Sinica, 2014, 43
(11): 1125001.

UK, TR R EAER. LMK P A E 23S AR L
Rt 5L 6T 24H.2014.43(11) : 1125001,
CHANG Ning-ning, LU Chang-hua, LIU Chun. Research on
detection method of nanosecond period ic signal[J]. Journal
of Electronic Measurement and Instrument , 2006, 20(4) . 86-
101.

REEGE, &R, XNE. GIFRNGR K b AF SR Oy 2 19 T 5
L. A 00 5428 2% #2006, 20(4) : 86-101.
AGUIRRE J, MEDRANO N, CALVO B, et al.
amplifier for portable sensing systems[]]. Electronics Letters ,
2011, 47(21): 1172-1173.

NIE Ya-qin. Weak signal detection method based on lock-in
amplifier[ D]. Changsha: Central South University, 2014; 1-
56.

SRIEE . H T B OR A% B AE S R I R (D], Kb,
Hg K 24,2014 :1-56.

Lock-in

[10] D'AMICO A, MARCELLIS DA, CARLO DC, et al. Low-

voltage low-power integrated anolog lock-in amplifier [ ] ].
Sensors and Actuators B : Chemical, 2010, 144. 400-406.

[11] CHEN Xiao, SUI Qing-mei, MIAO Fei, et al. Design of

[12]

[13]

[14]

[15]

detecting system for multi-component gases based on single
laser[J]. Optics
Engineering » 2011, 19(7) . 1498-1499.
PR, PE# 36, ik, 4 B —BAELTEROLEHR N EZ A
WKILT] SeorRE % T8 ,2011,19(7) : 1498-1499.

CAO Tian-shu. Lock-in amplifier of second harmonic in the
TDLAS gas detection[D].
2013: 1-60.

# A5, TDLAS SRK It = Y38 % 1 855 AH i K 28 14 BF 5%
[D]. K& HHKR¥, 2013:1-60.

ZHU Xiao-li, LI Xia. The design of dual-phase lock-in
amplifier based on  AD630[J].
Engineering Technology ., 2012, 41(06): 19-23.

RIBEHT, JIE. BT AD630 i UM BiAH i KA kL], Al
T4 R ,2012,41(06) :19-23.

CHEN Chen, WANG Biao, LI Chun-guang, et al. A trace

gas sensor using mid-infrared quantum cascaded laser at 4. 8

ultra-narrow-line width and  Precision

Changchun: Jilin University,

Chinese  Electrical

pm to detect carbon monoxide[ J]. Spectroscopy and Spectral
Analysis, 2014, 34(3): 838-842.

iR, T, 2806, %, R 4. 8pum P A& T HIBHOG
IR — A A B SRR LT, Dk e 5 Ok i,
2014,34(3) :838-842.

TAN Tu, LIU Kun, WANG Gui-shi, et al.
high sensitivity measurement of N, O and CO based on MIR-

Research on

QCL and novel compact multi-pass gas cell[J]. Acta Optica
Sinica, 2015, 35(2); 0230005.

R, X4, E5um, %, T rhadh QCL A T 238
b R AR R CO M NO BAFsE[T]. Je# 24, 2015,35
(2): 0230005.

Foundation item; The National Key Technology R&.D Program of China (Nos. 2013BAK06B04, 2014BAD08B03), the National Natural
Science Foundation of China (Nos. 61307124, 11404129), the Science and Technology Department of Jilin Province of China (Nos.
20120707, 20140307014SF), the Changchun Municipal Science and Technology Bureau (Nos. 11GHO01, 14KG022), the Opened fund of

State Key Laboratory on Integrated Optoelectronics (No. IOSKL20127Z7Z12)

0814001~ 6



