N

w
— ©
© g

koW ¥ 5Ok W A

Spectroscopy and Spectral Analysis

i

ET QCL AR IE R AR A RER

KIEMH, X &, MXHE

A2 R K5 TR 2B V005 M98 330063

B OE R T RIERBOGAE D — ok B A S R S AROG S P B R S D I A T A A B (2. 5~ 25
pm) - BAT DA L ARTEAE L WA D AR PR AR AR T A R O T A RO AR . HRA R BRI A
AR w38 A P LA B B B RS TR o BT N TR AR BT IR A R AT AR L
R TR L B 24 5% B AR S AR v AR BRI o PRt . ) i T BB O 48 3o AR O T AT R
MAEAE R A E W SFEE I DL K TRl AR 7= A5 AR LA T B 3 . B 20 40K & F R
St RV, SO H RS T IR L, BT 2R ST SRR T RO . X BT
T RBBOCARLLANBPOLE B ARG B TR MRS, H5 E, WE 6 HORTE & T 20L& & W 2 A
BE SR T A RAR A R IO A AR IR AR KRR LY T AR B, A
FERE BAR R T IR IR . X P S T RO ISR L BT EOR | RGO B AR IR R I
TP ARG GIE 25 . L3R T I N S 7 RO #F BE AT 205N WOOG I BRI T BUIR T R R
OPAT TR T GIROL AR L1 AN O BT S S AR P T A8 B S L R S A B B ey 56 LU AR
oA T A0SR R JRCE L T . R T O I I v A kA T I S 37 R AR R A TR R
BV RS R TG O AL AN I BOR R R R R B A A TR R AT TR . R B
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cade laser, QCL)7E Ul /R 5238 =8 ¢ MF bl o o™ 225 =+ UL
EMERE. RESH® TR b. BT, QCL MIEAZHE 3
flv: F-P it 7 BMOGE . o0 A i R R RBOEOL AR
(distributed feedbackquantum cascade laser, DFB-QCL) 1 4}
i 2 T RO #% (external cavity quantum cascade laser,
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1.1 EHERKLE
B WO

WL P SR, W 1 BTR . QCL A& Y ok SR i

FE K B W . G AR DN B B IR 4 E T S M EOLE S, @

T b 3R A TC WO 1 S OB SR B A B AR R Y W s

T, AR4E Beer-Lambert @, 48 W SUAAE SR

lnpulﬁ ﬁ Output

Sample cell

L
B 1 %ETF QCL K DAS RIEE
Schematic diagram of DAS based on QCL

(direct absorption spectroscopy, DAS) j&

I
QCL >

»| Detector

Fig. 1

2008 4, Kasyutich %Y #] B DAS J# gl 17 CO,
N, O # NO, ffi K RA 21 cm B9 SR8 00O DL & % 229
(continuous wave, CW)H 2, F ) DFB-QCL, 15 % £ 1 #% B
BTE 2X10 " A2 AT . PSR A I T3 55 4510 o fa ol o (A
K R 40 coD X H, blﬂ‘ﬁTh{m s BB RGN R E
H8.61X10 ¢ em '« Hz 2, l1 T DAS HURFFEAE KM H
55y %%J:’fﬁ‘fm*/l\?ﬁd\ﬂ@fﬁg FEU . XA BRI T R
B R T R AT R K 1 80 R L R R R AR, T D —
5 23F FH 22 3 o 22 R R AT HE IR G . 2004 AR, Nelson 551 ]
FHEET ik QCL 9 DAS # 1 N. O il CH, W&, R4
TR S 56 m i 2 WAy AE . FE R 3 i R4 5
100 1 200 s B, N, O F1 CHy Ay 300 4% BR 4351 A 6 X 1077 0 7
X10° o L B W T s 4 v TR RO B S B — T
TRMB R, BItGE ML E T EE, 2012 48,
FURIT HAEEA AR R 40 em’ | a2
BRIK 4 m P2, 7T W ARSI, AEE L
[ 2 A R P R, RS  Jouy 255 F X £ 0 Hh i T

Mangold

#1 ETFQCLH WMSERE

THE T4 BB BRI . 430 ok D <25 RS A 1Y
T, W TFECO, /1 CO, (I, W R R R BT 0. 200,

HA LT HAL T s, A AET QCL iy B He WU I J7 125 %)
SRSy T AT R R ABUE AR RAR R, S 2 B SR RS AL
WS b i R 1 T 5 O B R T, AR 2 R O 3 ) e A D
.

1.2 KA

WA I8 i (wavelength modulation spectroscopy, WMS)

BARRTE 20 4 90 FERARME LS QCLEGREEKT . 2

a3 U R SRR MR O 1 O e T . B ALY LT QCL
[ WMS R G HE BN E 2 s . BRI A8 15 3 1 0 i {5 = wiik
AP RS A8 UGB e (2D (55500, AT 3K 45 A 1A

| QCL I—>| Sample }—»I Detector ‘

/\N\ Modulatud 51gnal

QCL
controller

B2 ETFQCLH WMSHAREREFZIEE
Fig. 2 Block diagram of WMS based on QCL

""" 2f i Data
processin

Lock-m
amplifier

F unction
generation

T QCL 1y WMS 2 23 il & 23 . 1 b H i 2 19
WURTEIR AR R b R 1 AW T R R B AT R
SRR BT AN R I S8, NRR BRI C &
ZAEFA I RIF T UEIE, IF BARA & 5 i 2R R B
FEWE L S AR B F H . Owen 20 F] | WMS X AR IE 1
NH; #4177/ . 1 TAEFE 9. 06 pm B9 QCL 1E Ry K.
DI RO AR 1 76. 45 m Y 2258 b S U E BRI BR A
F) 7X107, XERBAR A BEFE A, 38 1 T HE AR K 2 Y R TR
S ARBh Jy2ssh = R ST EC-QCL 1y WMS, S8 T %t
%’M& o NO B Sz b &, 726 BRI K 3 m 115 5L
s BRI B R 1 X107, 7R IR A PREE I R, Sur 250
T&ﬁ? B OUCHE R BT QCL iy vy R B = IR (1 000 ~
1200 KO NO, p %65, Fl A WMS £ 600 1800 KHf,
SEHLAT I e BE 430 A 1. 45 X107 F L. 6 X 107° , H G E N

S £ R A ER

Table 1 Application of trace gas detection with WMS based on QCL

WHoE /Il LORIIESREN PR A R BUraE /s AROCRE/m  SCHk
Stevens Institute of Technology, USA N O 2.5X10°7 0.1 [16]
Radboud University Nijmegen, Netherlands NO 2X1071° 30 76 [17]
CcO 4X1010 36 [18]

Max Planck Institute for Chemistry, Germany . 2.76 X107 (N, 0)
N, O, CO 1 36 [19]

3.98 X107 7(CO)
Wroclaw University of Technology, Poland C; Hs 2.4X10°10 1 100 [20]

5.9X10?(CHy)
CH,, N;O 1 57.6 [21]

2.6X107?(N,O)

8.5X10 ?(CHy)

Rice University, USA

CH,, N,O, H,O 1.7X10 ?(N,O) 2 76 [22]

1. 1X107°(H,O)
H, O, 2.5X10°8 280 76 [23]
S. N. Bose National Centre for Basic Sciences, India CyH 3X107° 110 [24]




5093

S 5 B 2753

WHRET WMS XI5, 2014 5, ZHEOGSRE H VAT R
B B DR WMS, S8 T kA CHY . N2 O 1]
BAEL M . W T 2 TSR T v A MR 38 )T R )
BEAT T B, R INBR 235k 3. 87X 10 P 1. 28X 10 °, 2016
AF, BRI H WMS [l kA H, O, HDO, N, O il
CH, #A7 T &E, fH CW T i EC-QCL Ryt . i
PR A s3] 1. 77 X107°%, 3.92X1077, 1.43X10 " fi1 2. 2
X107,

T K IR 4 AR A Sy — i v 2 R IR A I A s,
e A SRS 0 B A% A AT U ) e TR R AR K b AR S R L
H i 8z 09 W A RO R
1.3 EZEGHiE

3 ¥ i (cavity ring-down spectroscopy. CRDS) 7
1988 4F 1 Wk Al B, Mt R T S 3Rk o O R .
b SUBR TN =S - E A P o8~ R e e B ]
it 1Y) 1R S5 B4 ok [l e gk, R I R) < (o) m il (D) R
IR 5

- L
7 (lC T IR

X, LEEMKE (M. « BYEOWIKRERE. c E6H
S SRR A AR MR JE (mol » mol '), R J& i 85 I 4t
RV, T B ] o, M T A5 3 ) R e
C,

(D

(mes '),

2 [ 07 30 4 K 2% (9 Paldus S50 28 R —H6 QCL 5
CRDS Jr 45 Gk 50 /NA S EX R0 T Ny dr iy
NH; #4774, FH T/E# 8.5 um 9 DFB-QCL 1E 4 ¥
P, BB 2.5 X107, HAKZUR RS F 2010 48
LA ok A ko CRDS 45 & QCL X & % BT i NO #il NO,
HEAT TR, A A R A L SR T R g R B R
K RO B T8, ZERFE 3B 1s TS OL T . RS
MR8 P T 30 min, Harb 0 geafk 7 846 4 307 %, o]
DLSZinf W 8R4 CRDS 4 . Ak 1 808 Ak 2 B2 A i
K PR EE b 9 A BHR A oK, AT DUAR G b R A R W e s T
Bid #1 TNT 25 tp 2] K43 F . 2017 4F, Terabayashi 25 Bfsy T
ARSI 5 R Gk F CRDS W5, 45 3 3% B AR A0 B e 1
B4 m B, ALK QCL £ e/ 8] 50 kHz A4y, B
SNBNCBS )} 5% Br #) A 5 T+ QCL #9 CRDS J5 2 o 1 K it
WFFE . ¥ KOl = A NOPY RN NOY® DL & CH, ) [A] 67 %
W, HEiEAE CRDS JrE Tt R A 2. B B FF
5% 56 L 4 AR B 5T 0 F F CRDS 25 4 ik b QCLL %o BHL#K 3] (R 3t
BERR — W g, DMMP)#AT T4 . 15 %] DMMP 9 48 I 4% F
H7.TX10 SOV BESTE 2016 AR, [RIBT KGN T Z WL Z kA
IR, BB A% R 99. 915% , A 5% R B K ik 588 m,
MR FREGER T 10" B H . MAE 2018 4F, U M IR S 44
g NO JEAT TR, BB % 99. 993 % . R I A R 3% %
T 4.1X10 B0

TEFEAT SRR BT 6 U 58 3 AR fb A1 A &5 2 B0 1t
KB T B, T CRDS [y — 1R 3 22 19 ¢ 5 g 2 9 R ik
FEEGRERRTE G, A S TEMR . J4h, & R
R C>9900) M A ORI KRR, &

THARI R A (AR CRDS X502 D it 225K + 40 48 %5
FE U AN G o S EOR BB A ™ T I e U I TR B4R
RS
1.4 B2 3858 IR UG ok i

Jiis 38 5 1% W6 1% (cavity enhanced absorption spectrosco-
py, CEAS) j& 1998 4 i Engeln 207 #2415k 1y, W4 O’
Keefel 2 W T 4% 62 iy ) )% 3 (integrated cavity output
spectroscopy, 1COS), SZhr b ¥ & A9 7 B & — 3 Ay, #F &
Job 0 7 2o P 118 B Dl R R AR BB B YRR AR A L . RLTE
2001 4, REEM K¥ 50 4% CEAS M1 QCL %454 & k.
Xt NO BB K F] T 10 ° 5 G i B AL BREY ., S, Sil-
val " il Bakhirkin 25 [ REF] T ICOS Jy i 4 0 1 I W < 4
Hr NO, SR BRI 7E 10 ° 4 g% . — it CEAS/ICOS 1) i
A 7 A I Rh A A A, (ER A Ty R AR B F-
P T knsm, Ul 2R A =08 3 AL REW
ZERTRIIED o 2010 4R, 4K Alberta K% ) Manne % ff]
B CEAS Jr ikl % NH, F1 G H, #4717 00 &, 76450
I T 6 s i, ZRINAR KR 23035 8 T 1.5 X 10 *f1 2 X
10°°, W™ 76 m, SEIE N Ik vh DFB-QCL, 2018 4,
Ehson %1% i I B il CEAS Jyi&%F CO AT T & . {1k
T kb QCL 5 28 L RN A A . JFID 3¢ 1 A B IE
F 5t 52 R G WTEAAWIE Y CO WE AL,

—— Optical path
— — — Electrical connection
—— Gas path connection Pump
Flowmeter
Gas sample Pressure  Flowmeter
controller
Optical N Detector
> P
QCL ™ jsolator ? >< |
) R I
| \ My . .M !
| Optical cavity |
' l
QCL _ _ | Function | _ _ | _ _| Lownoise |_ |
controller « generation : DAQ card preamplifier

B3 ETQCLHEEHM CEASKARRSKIEE
Fig. 3 Block diagram of off-axis CEAS based on QCL

4 CEAS J2 38 i3 1 55 3800t 4 491 38 IR 3 B 5 R 40 O 2
i 1 3% 52 TEMo, FL 418 1933 5 fie K AH K K45 4r F ok, A
JEAR 5 72 A I AR 7S B 1 . 2005 4E . Morville $2 6 & 45t
CEAS R, it F VI I RS P37 Hp A5 28 25 M 06 22 I
B, ATRUK QCL iy MR R e 7 6 B A2 TEM,, [, # 7R
FE YRR, DA T 384 008 1 AR I AR 0 1% 4k TE 3 /) B
JE Lk 95 DL R MY, 2010 4E, Romanini™® ¥ 56 2 i CEAS Fi
QCL &5 &k . Il 7 N, O, MK 50 mbar B, 75
FNHRM AR R Ky 3.5 X101, B )5, % W A T R
CH{"™, CH, O™ 1 NOM |, 5 by PR 2L A #R fig ks 5] 107"
B,
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1 Ge FR 43 T B T T B8 0T SO 18 B0 43 5 2 3 SO0 1 i
Jetl ki3, I Los Gatos Research 24 m] g 1 fiff P iX 4> 7]
B B TS S YeE RO R R, 8 TR R, @k
HNASCAL R ABOCH IR B E AR A . &
W F) R 2 2014 4F . fif 2% Radboud K %% ) Centeno
STV kR Oy 2 45 A B il 1COS B AR M G H, AT T
W, AR AT 2 min, SRR FRIAE] T 1X10°°,

Ay i 8 iR R WG R T 1k e T ME LA BR P 0N i DA
AN T Tl s 1 5 R WA 9 T s AN AN RS LA 0k G F-P
OB, T LA L CRDS, o] U2 7 AT AR DL e, A7
BAR S OGRS D
L5 ERAEgERA

Y675 3% (photoacoustic spectroscopy, PAS) &% Tl
ZCNE 1 ) 22 W WO i O 9, HG DR L A O IR AN I 4 TR
FLAE 1999 48, WiHIAE K%Y Paldus %0 gk B 4% PAS 5
QCL g5 &I X NHy #4770, F ] DFB-QCL fE 4
HEUE, BIFRIAFE] T 1X10 7, 2005 4F, KA INFM #f 5%
iy Elia 2520 ) F RRE A9 7 sk K00 7 F 8 N, J i NO, 45
A RR S 510 7, &4 PAS J5 ikt T 22 v UM 7 431 4l 5 T
B Z PR RN, T LLAE S8 A A I ok i
R RS . 2011 4F, o [ R 2 B 2 S AR BIF 2 0T AR AR
B AR T IR G R S AT B, R & QCL [
W CO I SO, MR A AU W B B A] 0. 6 s, FRIN R G
S RIEE] 310 A1 6X 10,

1B 48 PAS HOAR A A1 02 50 W IR RE B A 2 R ARTE O
M SRS A i KU N, LR O 7R I RE B R S K
KHIE 65 (55 B ARAR DI R B . T A 5 38 50Ok 75 O 3k

[ | Lightenergy . . -~~~ T T T TTTTTTTT

o . 1

: absorption Reriodic Reaction !
i variation N |
. Generate Produce Acoustic |

I | Gas sample > > > |
1 heat sound waves sensor |
: Electrical |
____| Moduaon ______________________ signal | |

PAS cell A
QcL Slgna.l
processing

4 EFQCLH PAS RELEHTEE
Fig. 4 Framework of PAS based on QCL

(quartz enhanced photoacoustic spectroscopy, QEPAS) ] A]
DLKE 0 e iY BE 1 B R ARAE A O . QEPAS 2 i 6 [
e R0 Titte /NS HRY, BRE A PAS LA J 3 X
MGG 2 T W, A0 0 AR Sy L AR 19 75 27 6 B 4% R AG
H 675 RN A B 7 B S . QEPAS BT RLE— A AE# /N
e GEE N IL T T Z AR PR B EE R R HE, &%
5 WMS 25 &k A AR i R A . 2010 4F, Spagnolo %07
FIH QEPAS #54 WMS X NO #4717 Il &, i ] CW =X
T EC-QCLAE KGR, TEBUFIE S 5 s B LT, 15 5
PRI BR S 1. 55X 107° o [l 78 K 2 1o 26 74 25 ) T I 45 19 43 1)
Xt NOPSRT COPT R T K, 458 00 4% B3 76 10 ° i g, B
Ja TGN LW 5T BT R s R SR 0 o fi
%74y 36 HONO At C. Hy #4717 107 ik LA 4R I

6P I I TR A IR AR, TR B R — b e R
PR XS B S G g B OGRS B R o Sl A5 A WMS, i B i A28 3
S5 W R R L B 1 PRI R AR
1.6 HEXHAR

B 1 BRI B SRR LAY GUR O ER L0 IO
WRORSL A STy A BN TR TR O I = -, An
227 W W % 4% (differential optical absorption spectroscopy
DOAS) | 4755 e V6 8 W )6 1% (faraday rotatory spectrosco-
pys FRS) DA M T 4 e Y G 1E (capillary absorption spectrosco-
py. CAS) %, 20 it 42 80 4 fX, DOAS I FRS 4} 4l H
Platt"" F01 Litfin 202 $2 H4, DOAS FvE &R H T 5K 5+
X LR 1 2 43 WSO o R IRS BN R, 4 B a2 B R R
B PR . FRS J5 1258 1 SN wg 37 7 Az 1 00 5 Jie 6 3k
IO T SR MR B S ok X 3 R AT R 1 R % 92 I e RS
PRERI , AE AT A I 4 A AUJR) BR T LR 1 43 5~ (NO, NO,
4> . CAS JE e [ K F ¥ P4 b [ K 92 % % (PNNL) # Kelly
SFUIRR RN, bR A PSR E IR E, P
JEEF IR — IR AE 2 000~500 pm, AH L T 15 55 9 £ 8 it
SRRE AR T ILA B S I ELA B AR A 0 U
K 3R 2 45 TR SCHITGE /N I T 28 Ty vk AT AR AR
PO B0 . AN A BT LUGR Hh 3k 86 Ty 1 28 o 4 A P A i
8 AT R X A8 i 1) R B

®2 FIRAEMQCLAMRKAHEHITSHERVUNFARNMNAREIEER

Table 2 Research groups and results of gas detection with other infrared absorption spectroscopies based on QCL

WOt o ; I 8] 43 ¥ LTl .
Y i G <, R N
W5 LR e ok R A S
University of Toronto, Canada Pulse DOAS 6.9X101° 1 [64]

Swiss Federal Institute of . -
Technology, Switzerland Pulse DOAS 2.5X10 1.92 [65]

Radboud University . —
} —~ g 7
Nijmegn, Netherlands cw FRS NO 10 6 [66]
Universitat Diisseldorf, Germany CW FRS BNO/M"MNO 0. 52% 2 0.4 [67]
ETH Zurich, Switzerland CW FRS 1X10°° 1 [68]
CW CAS 135CO, /12CO» 2% [63]
PNNL, USA . X

CW CAS VOCs 1077—10"6 1 3 [69]
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2 T QCL WL AN OLTE i S 7 I

B o T IR RO LD AN B H AR R B4R A
IR AR TR e . HATC A 24 B K U8 /h 4l
TFRET MR AN A . & 3 45t T a8 BF 5 /N A
JH 4 T G5 O 5 21 A0 IR IO 385 X R B AR HEAT A1 37 00 Y

BRSO . WFRAP A LIEF, R SR 05 I AR e+
R I e s b O T T L e e e A% A S B
5 RN R GRS . ) 4 DAS 7 kT LSS A £ 58 T 1 i
AR, CRDS F1 CEAS/ICOS J7 #: 7] D)3l i 5 2 5 3485 A
PR AR RO . AR AR BE, FE R AR AR &
SR, W CH, N, O 55, R0 R B0 — AR AE 10 ° 2%,
Koy Bl X o s R, IERA . MRS,

K3 BTFRBEHMLH/LNRE BRI FUERH A ER

Table 3 Application of filed measurement with infrared absorption spectroscopy based on QCL

. WOLHE R s 17 43 ¢ W .
S wno i 518 i : 8K 5 ~
5% /N J7 i st ik 70 [l R /s JESIS K SCHik
DAS Pulse NO Outside air 1.2X10° 10 210 m 18 h [70]
Aerodyne Research. NO 0 d 3% 10-19(N, O)
Inc. . USA DAS  Puls e nroad motor : 1 5 24 h 7
wse e, vehicles 4107 (CH) 0 L
N, O 1. 28X 10 (N, O)
CAS, Chine M ) N “orridors a i
CAS, China WMS CW CH, Corridors of lab 3.87%10 °(CH,) 101 m 24 min [14]
M sti
ax Planck Institute for o cO Ambient air 1.41X10° 0.88 36 m 66 h [19]
Chemistry, Germany
The University of CRDS The diesel . .
se NO:; ~10°°6 . 30.
Tokyo, Japan /99.97% Pulse : engine exhaust 10 ! 0-5m 30.5 min (28]
S. N. Bose National CRDS . 2CH, . o ~1.2X105(C"2CHyp
Centre, India /99.08% W uep,  Amblentalr ) g0 sancH 0-om L3s]
Physical Sciences 1ICOS
s N Huma ath X107Y 1. h (
Inc. . USA /=99, 97% Pulse O uman breat <1X10 4 5 km <3 [40]
University of CEAS . N, O Ambient 2X1072(N,O)
Bristol, UK />>99.94% ¢ CH,4 air 8X 10 (CHy) ! 0-7m [46]
. N, O X ~6X10""(N,O)
Rice [i}i;\:rsity, QEPAS CW CH, Landfills ~3%10 $(CH,) ~4 h [71]
‘ QEPAS CW  CO Houston 3% 1079 5 12 d [72]

TE: ik — R« 00 FR B R %

Note: the symbol % used to show the reflectivity of cavity mirror
:I: N
3 én ®

H1 R 2 R 23 7 B R AIE DI 5 B B A TR T 2 A0 D
Be. Db AT B0 R R W LIR . 205 Ok 3 1R 1
B TARK A K Jie s o2 E AF R M WS s B H AT Ik, &
G Z R i T GBRBOL AR L1 AR O B BOR B TTTE T MR
masg s, X HH A DAS, WMS, CRDS, CEAS i PAS /X
T IR AR . WA DOAS, FRS #l CAS AR £ A . JF H
#IAT T B R LA R . ARTE PR B2 A 20500
TP T KT i T I WOLAS 204 R WO6 i B BTE 5T L K 4137

T O AR FR A A SCIF 5% /N 41 JF R T3 T A WF 5K L
1B, B BAR T —E MR

FEMZ OGS I &, DAS J5 R SR Rl i R 50k, fig
i B A5 B ARG R B (A28 5 Z 815 st SRR
HISEm . R A JRTR B . CRDS fil CEAS 4% A #5007 5 B
e AHE B A A R AR 2 S T A A R, HL
T4 5 B e A . WMS F PAS 45 A ] M 75 5545 B 47 1 411
T DRE . ASOCHEI R R ST 56 B A X R, WMS
T AT L2 F A B R AT i R ER I . BB 2T A ROt
TR AR I PR R R A I S B R T LA AS B S ALY Bk
ST R 2 R LR o AR DA R e A R
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Progress of Measurement of Infrared Absorption Spectroscopy Based on
QCL

ZHANG Huai-lin, WU Tao” , HE Xing-dao
School of Measuring and Optical Engineering., Nanchang Hangkong University, Nanchang 330063, China

Abstract As a new type of unipolar semiconductor laser, the quantum cascade laser (QCL) has a peak emission wavelength in
the mid-infrared band (2. 5~25 pm), and has the unique advantages that traditional semiconductor lasers do not have, such as
high power, narrow linewidth and fast response rate. The infrared absorption spectroscopy of QCLs has high detection sensitivi-
ty and is very suitable for the detection of gas molecules with the characteristic spectrum in the mid-infrared band and can be
widely used in the detection of low-concentration gas such as trace gas, respiratory gas, combustion gas, biochemical gas, auto-
mobile exhaust, industrial waste gas and pesticide residue gas. Therefore, the use of QCL to detect gas molecules is of great sig-
nificance in non-invasive medical diagnosis, environmental monitoring, and industrial and agricultural production. Since the in-
vention of QCL at the end of 20th century, the performance of room temperature laser has been greatly improved, and a variety
of QCLs have appeared, which also makes the infrared absorption spectroscopy of QCLs greatly developed. In fact, many laser
spectroscopies have been developed and applied before the invention of QCL. These include direct absorption spectroscopy
(DAS), wavelength modulation spectroscopy (WMS), cavity ring-down spectroscopy (CRDS), cavity enhanced absorption
spectroscopy (CEAS) and photoacoustic spectroscopy (PAS) and other related technologies. While the use of QCL as the light
source extends the detectable band to a large extent, and also increases the detection limit to some extent. This paper reviews the
research status and development trends of infrared absorption spectroscopy of QCLs at home and abroad, and analyzes the bottle-
necks encountered in the development process and the solutions obtained in the later stage. The principle and application of vari-
ous methods are introduced in detail, and the advantages and disadvantages in the measurement are pointed out. At the same
time, the field trace gas detection is briefly summarized. Finally, the application and development of infrared absorption spec-
troscopy of QCLs in the detection of trace gases in the future are prospected. It is pointed out that with the rapid development of
infrared absorption spectroscopy, these methods can be more effectively improved and developed with high sensitivity, high inte-

gration and high timeliness.
Keywords Quantum cascade laser; Infrared absorption spectroscopy; Gas detection
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