5 44 345 3 0 AP NS N2 3 1 Vol. 44, No. 3
2025 4 6 A J. Infrared Millim. Waves June,2025

X E4HS:1001-9014(2025)03-0384-10 DOI:10. 11972/j. issn. 1001-9014. 2025. 03. 008

B ThE B A R A M 2% B T R B FT %

B w2, FIET mER, OO, HREY ERE, BEES, BRERS
KAEY, EEAT, HAR"T
(1. FEPBLEBE FEEARY IO 20AME0 4 E & 5 S0, i 200083 ;
2. T ERREBE RS, AT 1000495
3 AAE A RIS RT L A K 0500515
4. BHEASGE R YIRS R, L 2002405
5. ERFRBUMN ST 5EBE P03 S0 i TR 2=k, Wil HuJh 310024)

WEREFLAT UL REES HiIBRENEERFZETFAIHBLE(TH-QCL) . 2R K& T H
FRAELTA2BEZH, BAARETRKFE, FHRAREF HRBHAENEURFER, B AREZ
By EAAERNH T REG AT HAN R Fib, YR 4D 5 R & KRS0 &R E 7R R
EHEEE., B, ARSI RERESOW, WA, BB AN REAEVFERHRAAREATAATR, 4463
REX SRRy EE A RGBT AAEKES. 6 mK/(Weem®), #it B B 230 AN
P BT AT B ORI R N 3. 18 THz, L AZ M1 4| th 3k 19. 5 dB, o8 3K & # A 35 “x35 7,20 K B 3 48 T {F 3k 2
3.14mW, BB # LT HBEEAFNIOK, EZH THEMBHAHNNEAE- T KR LENTHEE ., KRTHENR
% THz-QCL ty 3% 28 TAR R AR (1 7 7 e B

X B R A% RAEY; ETAREOLE; £EEX

FESES: 043 ZERERIRAD: A

Research on low-power consumption, high heat dissipation
efficiency terahertz quantum cascade laser

TAN Cheng'?, YAN Chuan-Feng'?, ZANG Shan-Zhi'?, WANG Kai', GAN Liang-Hua’, CAO Chen-Tao’,
CHEN Bing-Qi’, CHEN Hong-Tai’, ZHANG Yue-Heng', FANG Yu-Long”, XU Gang-Yi"™
(1. National Key Laboratory of Infrared Detection Technologies, Shanghai Institute of Technical Physics, Chinese
Academy of Sciences, Shanghai 200083, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. HeBei Semiconductor Research Institute, Shijiazhuang 050051, China;
4. School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China;
5. School of Physics and Optoelectronic Engineering , Hangzhou Institute for Advanced Study, University of
Chinese Academy of Sciences, Hangzhou 310024, China)

Abstract: A single-mode terahertz quantum cascade laser (THz-QCL) with a two-dimensional patch antenna array as a
resonant cavity is proposed and realized. The active region of each patch antenna is sandwiched between two metal lay-
ers, exhibiting full-scale subwavelength characteristics and exciting a vertical electric quadrupole mode with low radia-
tion loss. The inter-antenna coupling within the array effectively suppresses electromagnetic leakage in the plane, allow-
ing for a high-quality factor and low threshold current density even with only a few antennas in the array. As a result,
the laser's power consumption is reduced to 950 mW. Moreover, the discrete antenna array design provides a larger heat
dissipation area compared to the heat-generating area, and with the lateral heat dissipation channels offered by the un-
pumped regions, the thermal resistance per unit area is as low as 5. 6 mK/W/cm’. By significantly reducing power con-
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sumption and enhancing heat dissipation efficiency, the laser achieves a lasing frequency of 3. 18 THz, a side-mode sup-

pression ratio (SMSR) of 19. 5 dB, and a beam divergence angle of 35°x35°. It operates continuously at 3. 14 mW at

20 K, with a maximum continuous operation temperature of 90 K, notably higher than that of Fabry-Pérot cavity lasers

made from the same material. This work provides a novel approach to improve the continuous operating temperature of

THz-QCLs.
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Fig. 2 Calculated result using full wave finite element meth-
od under periodic boundary conditions: (a) E, distribution; (b)
E, distribution; (c) H, distribution
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rent-voltage (L-/-V) curves of device A at different temperatures, the spectra in the inset demonstrates a SMSR of 20 dB; (c) Far-

field distribution
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Fig. 7 CW test results of EQA: (a) spectrum at 20 K with dif-
ferent current densities; (b) Light power-current-voltage (L-/-
V) curves at different temperatures, with the spectra in the inset
demonstrating a SMSR of 19.5 dB
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