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Abstract: Quantum cascade technology, based on resonant tunneling and intersubband transitions in a multiple-quantum well
or superlattice structure can generate light source and detect optical signals, it is the theoretical cornerstone of quantum cascade laser
(QCL) and quantum cascade detector (QCD), which has wide application prospect in detection, remote sensing, communication, ra-
dar, and other fields. After three decades of research, quantum cascade technology has made significant progress in basic research,
product performance, application system research and scene testing. In this paper, the principle and development history of quantum
cascade technology are briefly introduced first. Subsequently, the calculation approaches of intersubband energy level structure and
electron transport dynamics in quantum cascade devices are elaborated. Next, the research progress of quantum cascade technology
is mainly reviewed, including mid- and far-infrared high power QCL, mid-and far-infrared widely tunable QCL, terahertz QCL, high
performance QCD, and single-chip photonic integration of QCL and QCD. Finally, the commercially available QCL and QCD prod-
ucts, as well as their application status, are introduced.
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Table 1 Research progress in performances of responsivity and detectivity of quantum cascade detector
Detection Responsivity/  Detectivity/ Operating .
V2 Research institutions Year References
wavelength/um (mA/W) (em-Hz'**W™') temperature/K
4.6 0.12 1.63x10° 150 University of Neuchatel 2002 [97]
84 8.6 5x107 10 University of Neuchatel, etc 2004 [98]
9.2 35 7x10° 50 Thales Research and Technology, etc 2004 [16]
10.5 8~10 >x10° 50 University of Neuchatel, etc. 2009 [59]
4.7 8~9 1x10" 50 University of Neuchatel, etc. 2009 [59]
4l 8.4 ~10° 160 Institute of Semiconduc.tors, Chinese Academy of 2012 [99]
Sciences
8 16.9 ~107 300 Vienna University of Technology, etc 2014 [100]
48,58 40 3.1x10" 80 Princeton University, etc. 2015 [101]
4.84 1.9 2.7x107 300 Vienna University of Technology 2015 [102]
4.3 16 5x107 300 Vienna University of Technology, etc. 2016 [103]
5.4 7 2.5%107 300 Hamamatsu Photonics 2016, 2017 [104]
5.4 40 3.5x107 300 Hamamatsu Photonics 2016, 2017 [104]
4.1 1300 7x107 300 Vienna University of Technology 2017 [40]
5 Shanghai Institute of Technical Physics, Chinese
7.6~10.4 63 5.1x10 77 . 2019 [105]
Academy of Sciences

9 50 107~10° 300 University of Paris, etc. 2020 [106]
2.6 50 4.18x10° 300 Institute of Semicond.uctors, Chinese Academy of 2021 1]

Sciences, etc

Institute of Semiconductors, Chinese Academy of

10 4.15 / 290 . 2021 [11]

Sciences, etc
18 234 Lo" s Institute of Semicond.uctors, Chinese Academy of 2021 (1]

Sciences, etc
2.7 5.63 1.14x10° 293 Vienna University of Technology, etc. 2022 [107]
10.3 85 / 295 French Joint Laboratory of III-V Lab, etc. 2022 [21]
4.6 156.9 1.9x10" 80 Tsinghua University, etc. 2023 [108]
13~16 1.45 1.52x10" 15 Fudan University, etc. 2023 [109]

S Changchun

14.5 3.51 1x10 77 2023 [110]

University of Science and Technology, etc
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Fig.12 Microstructure of 8x8 patch antenna resonator arrays

monolithically integrated with coplanar waveguide'"
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