$23% 8 AXFZBEZEBFEEER Vol.23, No.8
2025 4 8 H Journal of Terahertz Science and Electronic Information Technology Aug., 2025

XEHE: 2095-4980(2025)08-0825-11

K ZEFREZ LB FREHRHERE
XA e, BB, EEHC, BRAAE, B OF, # A, BWES, F o#Her, RITER
(P E TR B a BOERABDFG PG b SR TR E S, W 48 621999)

B OE: AMZTH)EFARBABOQCLZETFHE R FHRANF FHRESH, BHAKR
N, BB, HEKR., IERTHAMGEELEZRSNEL, ZEMHART MK E=—. HH THz QCL
AR AHAFREFRNTREEE, ETRAEEREX —MANEELREFE ., A X4 4 THz QCL ¥
FTHEZEFEWNHRARATTIME, B4, TR TEMF BN THz QCLERGEm; LKk, NE
THRAARXEAEITREQCLIEREN T E; &G, MTHz QCLE FHE F @A RHIAATT
B, ZE&ERNTHz QCLEY#EAUENARA —EWHEEE L,

KEW: EFRIKACLEQCL); A BFHs; $BL7E

HESSHES: TN248.4 XktRERG: A DOI: 10.11805/TKYDA2024363

Progress in electron transport of Quantum Cascade Lasers

LIU Chengxu™”, ZHAN Zhiqiang™”, WANG Xuemin®, CHEN Fengwei*", JIANG Tao™", FAN Long™",
PENG Liping"”, SHU Lin*", WU Weidong""
(a.Laser Fusion Research Center; b.Key Laboratory of Science and Technology on Plasma Physics ,

China Academy of Engineering Physics, Mianyang Sichuan 621999, China)

Abstract: Terahertz(THz) Quantum Cascade Lasers(QCLs) are semiconductor devices based on
intersubband electron leaps, which are characterized by small size, lightweight, easy integration, tunable
frequency and high energy conversion efficiency, and have become one of the hotspots of current
research. At present, THz QCLs have not appeared high—performance devices, and electron transport, as
the most basic and fundamental starting point of THz QCLs, is an important way to break through this
bottleneck. In this paper, the research progress in electron transport for THz QCLs is sorted out. Firstly,
the influence of various scattering on the performance of THz QCLs is discussed. Secondly, the method to
improve the operating temperature of QCLs through the optimized design of active region is also
introduced. Finally, the research on electron transport of THz QCLs is outlooked. This work shows
certain reference significance for improving the performance and application of THz QCLs.
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Fig.1 The scattering process in THz-QCL
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Fig.3 Transport and gain characteristics of resonant phonon THz QCL
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Fig.4 The influence of IFR on the operation of mid—infrared and THz QCL
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Fig.5 The main influence of different IFR on THz QCL based on GaN
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Fig.6 MC simulation results
6 MCHREIZE R

20124, o LR 2 B B 452 AR 38 005 1) MC 7 2 R T R X1 oK 40 % 2545 THZ QCL b THig iy oo, 3t
WAL L T - L T IO R T -LO A T LS s PRI A T A AL X a8 R R B PR RE B e, AR S O
AE AT G A AL B AR AN o 181 7(a) RO 747 EARH 7RO O 3 . 78 25 KF, L - L T U o L .
P B9 HL - -LO P T O i AR i Rl AKOF, S EQEARCR T M. MR REN TR, BT -LOA T4 %
9 AE 4 55 BRI A BOG Y 2 7 0 T 2 7 B R R I AR AT O RE R A R U R, S BT R
THRUEE

P 7(b) o S AR EOL TR S B A o R 25 KOE, AT 50 20 1 S T - A T O A T
A, YT R ZE 100 K, B7-LO A RO A A/ o ZEMRIRTS, |- TR Oy EEHLH . BEE R T
100 K, BTl o g i AR AR TR A8 A S RE LS T RUIR B BOL T, T -LO 7 RS RHIR O T
Uok 9 5 e 14 508, A v A PR T - T R R R

w o
25K ‘x' L K .
of .-a..M e AAAA’AW 4tk I\l
ﬁ:\j \ o d of .l.lllll‘#:d‘: ' sasassne
—m— total \ /\/ ik |
2 —e— e o J
— A~ LO phonon s 712 : {
Ly L

4L 100K A 100 K

- —m—total
-4 F ®—c-—¢
° sr
b ~— & — LO phonon =

-8 1 L 1 1 1 1 1 1 1 -12 1 1 kL 1 1 1 1 1 L

3" 6" 9" 3 6 9 3 6 O 6 9" 3 6 9 3 6 O

scattering rates /7, /(x10"s™")
scattering rates /7 /(<10 s™")

(=}
T

subband i subband i

(a) high level carrier (b) low level carrier

Fig.7 Effect of temperature on carrier transport path and scattering mechanism
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Fig.8 Subband electron temperature after electric field application and wave function under 50 kV/cm DC bias voltage
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Fig.9 The variation of calculated gain with temperature for

different extraction barrier widths
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