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Abstract: In the conventional semiconductor distributed Bragg reflector (DBR) lasers, to obtain stable single mode
emission, the gain section should be short enough to make the free spectrum range larger than half of the bandwidth of
the reflection plateau caused by the DBR. This constraint severely limits the threshold and the output power of the la-
sers. In this work, single mode terahertz DBR quantum cascade lasers (THz-DBR-QCLs) that break the above con-
straint are realized. The lasers are based on the ridge waveguide, and exploit a cleaved facet and a DBR mirror to con-
struct the resonator. Exploiting the intrinsic narrow gain spectrum of the THz-QCL, we tailor the reflection spectrum of
the DBR so that the high reflection plateau and the gain spectrum are partially overlapped, obtaining the THz-QCLs
with single mode emission. Such strategy enables single mode emission with a significantly elongated gain section, far
beyond the constraint of the free spectrum range. In experiments, we realize the single mode THz-DBR-QCLs, whose
gain section is as long as 3. 6 mm. The emission frequency is about 2. 7 THz, and the side mode suppression ratio
(SMSR) exceeds 25 dB. The measured threshold and temperature characteristics of the THz-DBR-QCLs are compara-
ble to the Fabry-Perot THz-QCLs fabricated with the same material. Our work suggests a novel approach to realize the
high performance single mode THz-QCLs.
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Fig. 1 The schematic diagram of the structure and principle of the DBR laser: (a) the three—dimensional structure of the device,
with the absorption boundary, DBR reflector and straight waveguide gain region from left to right in the x—direction, and the terahertz
wave emitting from the right cavity surface, the electromagnetic field is resonant in the straight waveguide region, with reflections pro-
vided by the DBR and the cavity surface on both sides, respectively, (b) the x—z cross section of the device with a grating period of
A, an air slit width of W, and a thickness of the active region of t,,, and a length of the straight waveguide region of Ly, (c) the sche-
matic diagram of the device, the black line is the reflectivity spectrum of the DBR R, (f), and the blue region represents the effective

gain spectrum g Bﬂ(f ) of the active region
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Fig. 2 The finite element simulation results of the DBR structure with a period 4 of 16. 6 um and a slit width W, of 3 um: (a) the

photon energy band diagram of the DBR structure, the gray area represents the first forbidden region, and the horizontal axis k repre-

sents the wave vector, (b) the reflectivity spectrum of the DBR structure with 30 periods, (c¢) the reflectivity spectrum of the FP cavi-

ty surface, (d) the electric field (IE] component) distribution of the incident wave inside the DBR grating when the incident frequen-

cy is 2.2 THz and 2.6 THz in the DBR structure



6 (LR 55 3 T AR I S B0 B B B T B 7% -

HEAEAS IR T30 Ffl R AR A
1.3 WA

AR T AE i FH B 06 78 S0 SE B4 Rk o 171 285 U 4
FAAMER AR RAS , BT SIS Ry 2 46 2% (100) i 1
[ SI-GaAs. OIGCHRA W IX R RS —E LSS
BRAE " BT 45 R, A YR X AL A 180 4 JE 3, A
W GaAs/Al, Ga, (As I 8 EX B A KL L E T
BIF 25 44, &3 J2 J5E B 43 ) o 4. 2/9. 4/3.8/11.5/1. 8/
11.0/5.5/18. 4, B A Ky nm, H o & 52 XF B
Al Ga, As J2, TR R 2 138 24 e B R 2x10™
em”, HoA JZ AN B2 . MR K e 4 K 250
nm GaAs 2% /)2 300 nm ) Al, ,Ga, ,As J& 1 BH$%4
JZ .600 nm Y n* GaAs(3. 5x10" em™) , #EHF A K 180
MR A X118 wm, &5 4K 50 nm ¥ n*
GaAs(5%10" em™) M2

DBR O i 1 il 28 34 5% FH X4 T I 5 R 2%
BT REBEEOCR B F T A, el id 4R i
BBAMEZ RS B — Fn® GaAsHE |, FFAEAME
MBI " GaAs #1IE Z (8146 A & )& ZE/E M EF0F
e DY oy o A O N B s o = S = R Ny e
S FESMER BRI R /N 0 GaAs oK 2 1138 13
B TR 28 & 42 K Ti(10 nm)/Au (500 nm) , 3 i EL48
PR A B AN P R A B — 1R, SR 5 SR )
FHLAPE 2 AR I8 7 BB R I 1I0KE SI-GaAs 3% [7] 300 nm
[ Al Ga, o As TEAF Bk BUET SMER B 58 25
B En CaAs#EIFEM A ZIE T 241 pm R
Ti/Au % & 2, FES T 2 1405128 350 pum n GaAs
IR .1 pm Ti/Au 4 J& 2 . 50 nm [ GaAs (510"
em™) FHEMALZE 11,8 wm A I X L & 600 nm n'
GaAs(3.5%10" em™) B4 Z , tE 3(a) Bros . 7E
UL IRl b 38 2 5 20 R A 2 5 b A T G
X 35 B8 R 600 nm n™ GaAs (3. 5x10" em™) 1 7 31
B X I il 22 B 1% n” GaAs 2, G %) TR 28
RN B B ARAE B 1 TR A 482 . DBR Y
A AR X — R 52, BVE 428 2 (A IE i
JEIAPE ) 28 SO BE . BLJE 302 YE 2 RER N KR A 2
B PR T 20 ih B R (ICP) 1 45 10 B R i e
F I 52 A T — M A ) T B T I
o IR G FNZEHE 42 TR (Ti/Aa) LA s T fif 3 58
WA ZR A 2 T, TR 3 () fF
o E3Ce) W R T —A~ 35 DBR O A F1 4
HLBE IR A, NAE A5 0 Sl R R i 4 T 28 ROBk
HE 11 DBR 4519 . SR 4R B At B s T8, A PR O

DBR Z5F4 (4K T, T v (8 24 ) 283 ok 4 4R34 4
AT S BT A R . LA R T FP DL
R4 5 DBRBOGA &AM, HE F &2
HA DBR G, LA s 4 7 1) A WA
FIT A 45 B IO 28 38 2 Tn A5EARH AR 22 7E JC 4805 A
TU L, I 3t 20 A P 0 B0 T 1 T 245 v, 3 o I
Bk i P e Bk R e TARIRE . AT AR, 3ok
i TAELE Bk p =X, SO 28 H bk o el YR 9K 8 (0 5
M Avtech-2B-B) , ik #4515 5 10 KHz, Jik o 56 2
1 s, SR &5 25 R 19, AT BhIA Sk 2 14 2 R 3
AREFITURIE . SO0 R TR h &t )
IR E B Golay FAR I #5 HEAT HAF , f T HAR I 4%
) Wi 7 A %8 38 /N T 10 KHz, DRI 3t 3 8 s P i
T % A= 2% 72 AR AR R 40 Ha 19 5 IV A B TR ) 1] 42
T O FL IR L AT VR AR S R 1 R A S
RS ORRS Lo FHH HESk R SL R
DU 2 () SE PR L3 5 H T IR 2 BRI AR s 1
AT AR B 2R 0 A G Dy R - i - R R SO
A T84 B ' T 3 1 48 B F 5 3 Y (Bruker Vertex 80v)
HEAFIR, SETEA ETE A BEE M 0. 1 em ™

2 Sth5ie

RATRG A5 T —F &5 S0 FPOGE A1
3FPLEF S EUN DBR OGS . FPIOGER IR KA
2.9 mm, B 4595 5 4 210 wm. DBR OGRS o B %
SRR EL R 3. 6 mm, 55 A 210 pm, DBR Y
JEHAAN B 30, JE K B A R B 4% 9 B W4 5
16.0 pm/4. 0 pum, 16. 6 wm/3.0 wm, LA f2 18. 6 pm/
5.0 wmo 5 EF] DBR O 4 09 H 80T SR 24k
3.4, 4 DBR WL B I K R 3.6 mm ), X
Y RS RE 24 R 15 GHz, FPFI DBREOG 1Y
FESHIN TR,

K 4(a)-(d) /R T FPIGHR A1 DBR OGRS FE
AN TR B0 T B At K A5 3 A Dy oK — F R — L TR
(LIV) 2k o DIAES R BT, IR0 &8 26 1R T (20
K) T A BARA B A% (~130 Arem™) L {H
ST I 1) SO 30 253 L (B 2O G (E T X
JO7 4) FEL S Y D) 570N, 3k B R BR il T OB A8 i g i
BN S RO T R M e TARIR . R 22
FEA IR OB A4 E R AR (5. 6X10% em™) , BAIRY
5 v B AR BRI T A PR 0 T R 5 AR Dk
PRE , (Lt BRI TR 550 e LA RSO A T LA )
(R K L B o ARG I 4 i IR SR, R 144
T FP OGS A DBR IO AFE 20 K B 1 [0 {8 i 9 285



802 AN NS 3 N o 74 42 %

top contact layer
active region
bottom contact layer
metal

n" GaAs substrate

L.

(a)
n" GaAs epitaxial material
I Au-Au Bonding
Making top Forming absorption l Substrate removal

electrode boundary

Substrate thinning ! Cleavage

(b)

ICP Etching

y Z
Q—px

DBR s SR

1 mm

0.5 mm
| — |

K3 SCE AR L R ERIAL: (a) et B I 2 J5 AR ) 254 7 ZE AT, (b) il %6 DBR O & i BAA T 205 #2141, (¢) DBR
WOLER 1 SEM ] 4 141 )2 DBR S5 58 XA i ek el

Fig. 3 The experimental flow as well as the resultant diagram: (a) the schematic diagram of the cross—sectional structure of the ma-
terial after bonding and thinning, (b) the specific process flow diagram of the prepared DBR laser, (¢) the SEM diagram of the DBR

laser, and the inset is an enlarged view of the DBR reflector area
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Table 1 Parameters and performance characterization data of FP cavity and DBR devices

Current Density J,, / Maximum Operating

Types of structure Ly, /mm Al pm . Power P /mW
(Arem™) Temperature T /K
FP 2.9 - 132 1.1 60
DBR-A 3.7 18.6 124 2.5 82
DBR-B 3.5 16.6 127 2.0 70
DBR-C 3.6 16.0 124 2.6 90
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Fig. 4 The power-current-voltage test plots of FP cavity as well as DBR laser: (a) the power—current—voltage test plots for the FP

cavity device of the L970 material bimetallic waveguide, (b)—(d) the power—current—voltage test plots of the DBR laser with periods

A of 18.6 pm, 16.6 pm, and 16 wm, respectively, with the black dots representing the spectral current positions in the lower plots
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Fig. 5 Results of the spectral tests of the laser: (a) the spectrum of the FP cavity of material L970, (b) a rough fit of the material
gain curve based on the spectral range in (a) and the available paper data, and the dashed line represents the loss of the FP cavity,
(¢) the spectrum of the device with DBR period A of 18.6 pm and slit width W of 5 um. The dotted line is the reflection spectrum of
the corresponding parameter DBR, and the blue region is the gain range marked according to (a), (d) and (e) also show the spectra
of the two devices and the reflectance spectra of the corresponding DBR with periods A of 16.6 pm and 16 pwm, respectively, and slit

widths W of 3 wm and 4 um, respectively, the inset in (e) is the logarithmic axis spectrum
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