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Mode competition and power characteristics in terahertz second-order
distributed feedback quantum cascade lasers

YAN Quan, WANG Fang-Fang, ZHU Huan, YU Chen-Ren, XU Gang-Yi, CHEN Jian-Xin, HE Li
(Key laboratory of Infrared imaging materials and detectors, Shanghai Institute of technical Physics,
Chinese Academy of Sciences, Shanghai 200083, China)

Abstract; We investigated experimentally and theoretically the mode competition and output power char-
acteristics in terahertz second-order distributed feedback quantum cascade lasers. The experiment results
demonstrated that the lasers operate stably on the fundamental transverse/longitudinal mode during the
whole laser dynamic range. High-order transverse modes are suppressed due to the absorbing bounda-
ries set along the laser ridge. In addition, the fundamental mode and the high-order longitudinal modes
are very close in frequency, and their electromagnetic fields have strong overlap. The spectral or spatial
hole burning effect is therefore effectively avoided, leading to a stable operation of the fundamental
longitudinal mode. The experimental results also show that the slope efficiency of output power decrea-
ses with the length of the distributed feedback grating. As a result, only in certain grating length, the
output power reaches its maximum. Our work provides experimental and theoretical supports for the
studies of high performance THz lasers and the phase locked laser arrays.
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Fig.1 Schematic figure (a) and SEM picture (b) of a
terahertz second-order distributed feedback quantum cas-
cade laser based on metal-metal waveguide
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Fig.2 (a) and (b) show the distribution of calculated
magnetic field H, of the fundamental mode and the first-order

longitudinal mode along the cross-section of laser ( x-z
plane) , respectively. (c) shows the relationship between
cavity loss a,, and the value of N, for the two modes. (d)

shows the distribution of normalized electric field E, along
the x-axis of the ridge. The electric field is shifted for clarity

BAVBE S FISTE T N, (B X BEOCA I ) 45
T 4 B9 5 . SO A (0 450 FE 1T 4 Ok bR 45 RE
(a,.) FIEHFE (o, ). O 900010 OGS,
FEE AR AL OGB4 P it i U A B R (o)
FELIETE SO YR R FR S (o) - BRGSO
AEIFE (o, ) TR N 10y, =y + @y + . TEM
4 I U S THz-DFB-QCL 1, JEAR R =5 B AR 1) 41 )
WAE o, B— B, A UEF TR R o, 28 20
em™ MR e D AR SE G Y R S A o, 1Y
X5, BEE N, BB, YA XS 45 2 A ) SR 2l A
FAZS o, (BB 2 R . 33X 5 3045 62 48 2 0] s 43
FE o, FIZEREASWT i /N, DT 25 5 1 B0 BEA5E 0 15 iy
DI RIS 17 150 7 5 B S v — B AR AT
INFIETRFE e, , 50 5 FEIETE BLSE 4. AT IR
Z4rIHE ( DFTD) 77118 T THz-DFB-QCL HJEAbt
—Br LA L 37 o0 A, DL Bl N, (B B 3 0
XA o, B2 SRR T 2(a~ ), B
2(d) W T X A H 4% x B (E,)
OYAR. TEEAR B N, (B 3 N AR — B AR
o, ZEHAEHGE /N, Y N, =47 B, IS G
0, ZEMNA 1.5 em™ T/ T4 64 BE  LRE.



1 ] P 4x S Kb 2E G A RO B0 & P OB A 5 DR R

63

W/ 22 B2 5 T B0 A 62 AL IR LT, e il
SETER L AR,

SR &5 5 30 7R THz-DFB-QCL £ % M T
VETEIEAE. (8] 3 (a) g — A BLRUZRF 1 & G 3, X g
PAEROE A T 31, 4um N, B0 47, T 7E
Jokwp s 20, 38R R ik 9E 430 10 kHz Al
Tws, BRI N 1. 07 A. OGRS 30 BRI
AN KT 30dB. B 3 (b) W 7R T X R AR
()N 8 O 5 56MEHE BI 5C &, i B AT,
RE—ANHOGAR I BRALGT , HBOG I BE G
HHRAER I, N A RT3 AT R 1%
AR BABLHOE R B K X B B R O B IR 4L
TAETERE 1A SN SR [ 2 (b) TR TE N, (5
KBS 25 5t 0 22 AR T 76 SE 50 b I35 e 5]
LRSS T i — 20 B0 UE X —SL g g 5 14Xt 2
HiRK N ME (N, =47) OGS, W T AR
AR N EOGE 0 &S 45 R a8 3 (c) FioR. B
BRI OGRS TE R AN 3l 7 2730 BBl N 06 4 T AR A 2
B BV AR B R TR | I IO G2 4 25 47 W 2 Y
T, ST 1AV LI 2 =5 B A

R TR LIRS AT AN B T T SR
— B PRI IR IS N B RE An. B 2(d) BoR T
FHAGE I B LT (2 il 25 20 391 A S AR RN — B A
IR0 BV 45 (x Bl 920 A 17 0. oy &1 m]
T, B A A28 T D S s B R A AT 2 R A T 2 R
K1 70% , X RIS 0 A0 5 B 51 5 T
TR s P 4 R A A AR i L A — [ A A
Yoy A A 2 28 B TR 2 WX B
BRARBET  SEHME I A =34, 0pum B, PSS
FIAZ 591 2. 51 THz F12.50 THz. iR & S5
#£ THz-DFB-QCL " AN 55 I B3 25 76 25 18] AT i)
LIRS, BRI, Rl AR — B AL i Fi e B2 0
WOE AR ATE IR TS E L T A A FE A

AT — 252 M 25 4 % SO D R
M. &4 W T 4 ASEAMESEHE (A =31.4
wm) {HA G N, {8 B9 THz-DFB-QCL %5 1 i 2 2 5
PR3 4 DI N, A8 508 29 .35 .41 Fi47.
BRTE Bk o =0 64T, 35 R K TE 43 51k 10
kHz 1 1ps. B 4 8w, ot i bR P gt
BE N, (B (N, (5 IE T BOEEHA B o) 1y
BT BRI AN. XY N, <35 B O IR R
{ELRE N, (ECSE I 0 10024 N, > 35 B, iZ R E
JLMRE N, (E3E s, BeAh, oo 2 5 4L
FNBEE N, ELHE T SR8, TIRHOR N N,

oL

1¢ T period=31.4 u
Nslit=47
current=1.07 A

101 E

Intensity/a.u.
—_
=)

—_
<
&

T

10+
22 24 26 28 30 32
Frequency/THz
(@)
120F [eN,=29
vN,=35 /
g AN,=41 4
E v
B =N, =47
8 116} /
o
3 /:/
B
/
12} /
v
1 1 1 1 1 1
31.0 31.5 32.0 325 33.0 33.5 34.0 34.5
period/pm
®)
4.0
3.5F
330 I
<
%’ 2.5
20 e
=l
S 15f
E L
£10
Z
0.5
" o

1 1 1 1 1 1
22 23 24 25 26 27 28 29
Frequency/THz

©

B3 (a) —A~84%0 THz-DFB-QCL ) % 5435 , WOk %
SR EA 31. 4pm, N B 47 SRS HL IR 1. 07A.

(b) BEXF 4 LA N, (ERIHOLAS  HOLBH 5 e
WIMER. (o) X Ny fH 47 B—ABOGE, ER0EH
) 320 Rl A AS () 30K 5l H e I 8 3 3%, R 0. 90A
1. 10A 53517 B BT LA K die KA H T 538 i 4 R 14
UK LI

Fig.3 (a) lasing spectrum of a typical THz-DFB-QCL,
the grating period is 31.4 wm, the number of N, is 47,
and the driving current is 1.07 A. (b) For 4 groups of
THz-DFB-QCLs with different values of N, the rela-
tionship between emission wavelength and the grating pe-
riod. (c) For a device with N, being 47, the emission
spectra at different driving currents in the laser dynamic
range. The threshold current and the current of the maxi-
mum output power are 0.9 A and 1.10 A, resepectively
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