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Research progress of tunable mid-infrared quantum cascade lasers
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Abstract: Quantum Cascade Lasers(QCL) are the important laser sources in mid—infrared bands.
The tunable mid—infrared quantum cascade laser has been a research focus because of tunable frequency
and single longitudinal mode. At present, the tunable frequency of mid—infrared quantum cascade lasers
can be realized by the Distributed Feed Back(DFB) grating, the Distributed Bragg Reflect(DBR) grating,
the external cavity diffraction grating, etc. The principle and applications of mid-infrared quantum
cascade laser are introduced. The progresses of the DFB and DBR tunable quantum cascade lasers, of the
external cavity tunable quantum cascade lasers nearly 10 years are summarized. The advantages and
disadvantages of various tunable methods are discussed. Finally, the development trends of tunable
quantum cascade lasers are prospected.

Keywords: Quantum Cascade Lasers; tunable; Bragg grating; mid—infrared

7 RGO AR (QCL) 2 2 T e 715 5 1 B v 7117 18] B RO A A 1l B i 2 L B R AT TAR R, 5 E Ak &
PRBOE AR HL 725 28 KO TAR I BEA MR, QCL 2 MRSt RA R 7215, JF Halad i3y & 7Bt/ 2 )2
JEEJRE R AT 5 1 TR AT 9 1 AU 2.5~25 pom HZT A0 I BT R B ORAUE T, KR HL T S IOAT A R
A PRI AR E  BE R L OGig s L OB S . A s DG AR S O AT A A
NI B o 15 3~14 pm QCL HAT S5 B2 . WAEME R . HELL TS0 A, Tz T X s 45, JF13 20858 A Bt
AR R o AN T AT, 3~14 pnm B BLAL S T 2 R0 0 1 BRI SR Lo il 2k, R REUE R, R T H
2 W WS O 1 5 I8 R R A R R T BT T 2 A AURMR B L A AT A, Gl T B RR R Bt
W DL AL GER O, T RS AR I SRR L DT ARSI A R EORE o A, R GERY B ) S OE AR
2R 58 B RS, AL HOL T 23 B /NG R RE , TR T R GE 20 B 04 M TR LMoL, H,0.
CO, X H 2L A Be Ot M B AR, AL 2040 QCL AV I 204 Ot &, AT LA I DG i £ M e Je T Sk, v LA
LLAMI B OGTE A i A B DG IE A5 B AR N T B . AR SEN b, BEACEIR QCL N H A DA L LR R
KimHEE: 2021-10-29; f&EIHHR: 2021-12-23
HEEeWB: EHKAREFFREIEERBITH (11905199)

"BIEEE. EEf email:wangxuemin75@sohu.com




88 AHZMESEFRERFR W2 %

A T IR E . RN TAERESFMERE . X TR, HAT 204 QCL EE AT 3 ML, I
57 DBR OGN . DFB JCHIE R £ A1 i 45 K BEAT IR o Hovb, SNBSS A I3 7 35 vh JR T 3 S P R 5 Al . — T O )
FHATSOCHEIE I 1 B DR AT s — Bl o B B A AR AR50

1  E-F Bragg et &5 ¥ RO AT QCL
1.1 & F DBR St & #B AT 1 QCL

2012 4 3¢ [ Corning 2 7 R i T — i 1] FH BURE 75 $7 4% (Sampling Grating Distributed Bragg Reflector, SG-DBR)
S HEAT A R 09 QCL, S5 A 1 F st L IO EF A IR IS [ 100 em™t, ZE SRR AL AR, ME(E D)
80 mW H{ %] 180 mW , %ML & 45 14 1 Wi s SG-DBROGHIE X . AHFRE X 4 45 [X 4 870 2 o 3 i Hit 3 4% i) DBR
DA 4 0 R G A DT I 1 R R, SEER A AR, MRS XA T AT DA N 3 dB 4 E N B R, dpe s R
T 52 A I8 U 22 [] f) 322 2 ] R 1

1.0000

BACK-DBR PHASE GAIN FRONT-DBR 0.1000
l l l 7 0.0100 -

0.0010 -

intensity/a.u

i

U

i

wavenumber/cm

i

0.0001 L

Fig.1 Schematic diagram of SG-DBR grating tunable quantum cascade laser

Pl 1 SG-DBROEA AT i i 5 SUBRO L a4t A R T & Fig.2 Laser test spectrum
P2 Mg

IZs FAE 2014 4F PR 4 1B DBR G AT 838 QCL, i 30Ot 2% BB % 76 = R (80 °C) T 52 B % 25 Ik K 1) F iy h
ik oh Dy ml ik 2 W, OGS AT S IAR 8 B RS T AR, S BIPI b 30 dB, 3445 UK 4.5 pm, JIEVEH S om™,
WE 2 FRM, 2015 49% 28 @) R R RE R 25 R 254, il e e a4, S8 100 em™ B IR B, S A Ho
30 dB, #OGaRELE TR 28.6 mW, ST A D1 T IO X N,O . CO R MMMk i b4t Tk, 7Rtz ay, P&
T DBR o P& 1) QCL R e Mk 25, JLT- WA TR, 2% 52565 B T ik ob i) 214 SG-DBR QCL 7£ {4
G 1y T A T TR AP R R AR E Y, 3 I RCOR RO A A ARG I T Y LRI

2016 4%, HhHL 2% K22 il T — FP 3L T B0 DBR G A 25 #9 R ) QCL, b I K 4.7 pm, R E A
29.831 em™', 5% A G DBROGH X 5 5 25 XA 2 A #2045 R B, B R O%E 2206 20 %6 220 mw!',
2016 4, H 7 Sumitomo Electric Industries 7 7] 1 Wi T — ' InP 2& DBR Y6 #lH 1) QCL, #£20 °CF, #Ot# K
WA LIk 40 mW, DI 7.46 pmo BFFE N BT LG T OGRS R S 16 A 1 AR i B TEDRD [ SR S B IR /DBR 2 R
LR MO BUE R, MFRCRM, RO, HA DBR S5 B EOL A8 B B Y B O R
20174, PRHBE R SR T A T —Fh DBR JEMIERT IY 43 2 — AR 25 5 19 T 3 QCL, i 1K SG-DBR Sl 0 iy
— R R I AE K 50% SR HIEMIAS X, MRS X 50620 X A B ok 2 BB ZIH R 584624 A K. #%
AT SRR E SRR SO 0 R4 5.03 pm

i i T $64E DBR-QCL 9 & 1l LA, DBRE5#94E QCL i i I A1z, B b #H b F DFB DL R A i 1
T 9 B ' #% (External Cavity Quantum Cascade Laser, EC-QCL), DBR-QCL — B #3&0 Fl & /N, 1 2h A1 56 17
8 Y1 B[] e S M o B AR RS A 1k R AN BB S B N Y T oK, I L ] DBR SO 5 I8 S 500 AR I Y =
SRR TE RS B N A%, PrUASEAOG S DU AE TR LA By, TR G A AL B b 4 I O R A5 B AL
FYYEIEN1Y ) 3T DBROGHE Y AT 3 QCL A ff it — 2 K e .

1.2 T DFB it & B AT & QCL

VTAESK , JEF DFB A n] 838 QCL 2 #i & B . 2012 4F, S [E P§ b K248 78 F 0 58 0 K i SG-DFB 4%
P RO B PEAT R, A5 3 Fr R AR K 3 mm, BRI KN 1.6 mm F1 1.4 mm, 43 554 A [
HURE SR I ) e, DASCBRI A1 e . 405 30 X, M EIH 753 nm, #ROFE DS S 10 wm, 7E Rl
SR SEH T KT 100 mW B TR, el B AL S0 em™!, U BLHIHI L 24 dBPY, 2013 4, 1% HATBA A3
KA, K G 34 2] 60 X, R SO 25 00 A 2 DY )R ST R R 10% B3 E RR L ] F-P s R



513 X F%E: ROSMNEEEFREEESRARAR 89

P v T B B A5 W UK A MG 25, 0 Il A T 695 nm.
753 nm. 825 nm J& W1 By G M, R AR UG E L E
351 cm™'Y,

1% P BRI 45 2B B0 B F QCL H, itk
Z A~ BURE G M 2 A% 1) HL A R [R) /) Bragg % 1 FLAR [7] 119 ay
WGORE FET Y, 380 3o 5 Bl 7 =AM 1 25 ol I, \‘W
P Z g S B T 236 em™ (9 IE S L, AR R L
KF20dB, ALK 4.65 pm, A& 4 iR

2015 4F, ZE[E Rice University % F 5.26 um DFB &
THRERBOCRE & T —F ML A, HTRNNO,
% DFB % 7% 98 3% 5 B 5.5 cm™'(1 899.5~1 905 cm™), 3 g /
NO W W £E fE % 1 1 900.08 em™, %L KA R G TE 1 s W
NI T 0.7 ppb (e /R HEBR ™. 2016 4, 3 AR Fig.3 Tunable DFB quantum cascade laser
il T —FhIE T DFB-QCL () CO il {4 B &%, 7E i €] 3 AT DFB & T 200 0T 58
WH 10 em™ W, FE1 s BRERE N, FERIETT
ik E] T 1.16x10° mol/m® i & P R4, 2017 4F, 5% [
Rice University >k J #% 42 Il DFB-QCL H1 EC-QCL 43 %I
*F1900.075 cm™ 4k B NO W e B0 Fl 1 630.33 cm™ 4b
B NO, #EAT K o 2 330 LU AH [R] Y O 8% 240 A 1% i,
Wifi J& RS 21 A PR DU g K . @ X DFB-QCL Al
EC-QCL #E A7 AN [ 430 % (1 W 41, | I 3 F Labview 4k
A B TSR #5 X6TAG T  A  EAT ARE L R IO N Y
TR W e, S TR E TR, Lmas R
T, BRI £ 2 I RGP RE R R /N, W]
SR, R SHORT I i M ] SRS I NO R NO,T, 2019 4,
¥ E University of Montpellier & & T — Ff 17 pum ¥
DFB-QCL, Hi 355 % 6.8 e /A, it KOG & 2 i
HIIR 6 mW, X & E PR L E MR IE 17 pm 3% K 1
DFB-QCL, >4 DFB-QCL #£ K i Bt (1 FF & F1 0 FH 42 fit
T &0, Fig.4 Schematic diagram of digital cascade grating

M\ DFB-QCL B 55 B4R 7] LA i, DFB-QCL fty % 4 Zer g
J&& K i FH #B t DBR-QCL WG4 H.J7 72, SG-DFB # %
A PR TS Y AT S B 200~300 em™t, GELETR AT LGA R HZ K, © &N HFAMAEN Y, DFB BOGH HA KW
P R IR E e, BRI 0 A AL, % DBROGMEZE K 25 S #5172 . H Rif DEB K DBR %Ml 45 ¥4 11
QCL ) TAE K 38 7F 4~8 pm, X F 8~15 pm WL AN BE B9 A 5T 8 /0, RS B B9 RN, SOG4 1 i R s ik
DOEWM TREE K, LRERGEFMIEMN, 80 FEO A RS R], AR K AE 2 it s <35,
T 2R O SO SRR R I, BOAVRR A 25000 BB AR A B T AT QCL W kB, TR An A ik
B R i N AT S, X 0 BT R QCL A oY B B X

iy

sampled grating

sampling period, Z
il

2 ETF5EEIAIER QCL(EC-QCL)
2.1 ETFHT5T M EC-QCL
EC-QCL A Fb F LA b 2 Mot 2% i Pk se s A i, AT LASRAS 0 R A PRI Bl . DR DL RO AS 4k 58, e f

P A ERE, WA 5 s o S5 BOCAS G i P B0 AR, 20 B KRS A T AT SOG S AT AT B i, SEUR
2 TR IR L, e R e AR R A R R P IS o Littman 2544 J2& 78 Littrow £5 8 FE Al _E 3% fin— > 2
SYBE, WO AOEASTRDEHE B, Zad Se M T A A S B RS b RO R O SR BT S e M b
RTSTIR R PRI, SRR A F AT LLSE B AR R 2 v, (HIE I T AR



90 AHZMESRFREEFR W2 %

laser output
laser output
reflector

optical lens diffraction grating
diffraction grating
optical lens
QCL
QCL
>
(a) Littrow structure (b) Littman structure
Fig.5 Schematic diagram of Littrow structure and Littman structure
€5 Littrow £5#) Al Littman 4514 75 2 &
201645'5’ EP%’W’%*%{AKE??I%%‘T—‘ﬁ{E&]EJﬁEQ EC_ diffraction grating

QCL, il 6 fir/wt4, R H Littrow &5 44, FEA7 S G A1 AR coating
0] 348 — 187 B B, AT O 2 OB R A R A
RV 5 O AR R IR, B T A DK 7.2 pm
1) 1R B AN i, SRR B AR T EC—-QCL 11 3 {1 L 3 %% /
B o T UFE RS i EC-QCL 4 #i H O Th R 50 mW
AH EE T FP-QCL i 3 06 2y 28 242 mW A Jif B R, @i

HR coating

e 45 6 M £ FE SC R 128 em! U K 3 (6.78~7.43 pm)BY opticallens o
2017 4F , TR B o 5 B L1 S 6 4 4 QCL o Pty
BT T AR, 40208550 B 35 AR A 6] 19 /UL Fig.6 External cavity tunable quantum cascade laser

L RWHIR D, AT RO, A 8 6 iR 7 O PRI TR0

I 75 — 5 P JE _E R W DG AT S 80, BT U B m AT S 80R, FEOBMIE AT IS 2 BE R A A 12 B, Bk i AR AR R U
HY R K] 0.64 W, HHASGHRMBOLR BTN 1.83 WA T TR, B CoRE MR IBm L, &ARAE
75%, Wi EOCH B R N /N T 5.5 X MO Sk T IR R R IR A, BB S B e D R SR B i, R T
DA 3 8 5 A R S BRI A IR IS

plane mirror

Fig.8 Structure diagram of the external cavity quantum cascade laser
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