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Photoelectric conversion of critically coupled quantum well devices
in the strong coupling regime

SONG Jian-Tao'", MA Shu-Huan', WANG Chen-Xiao'?, YANG Fan'?, CHEN Zhi-Jian"*, YAO Bi-Mu’
(1. School of Physical Science and Technology , ShanghaiTech University, Shanghai 201210, China;

2. State Key Laboratory of Infrared Physics, Shanghai Institute of Technical Physics, Chinese Academy of Sciences,
Shanghai 200083, China )

Abstract: To enhance the net photoelectric conversion efficiency of quantum well infrared photodetectors, this study in-
vestigates the matching conditions between radiative dissipation and coupling strength in devices operating in the strong
light-matter coupling regime. A critical coupling model distinct from the conventional intrinsic and radiative dissipation
matching is proposed. Through an analytical model, the contributions of intrinsic thermal dissipation and coupling
strength to the critical conditions are quantified. The results indicate that, with optimized matching parameters, the net
photoelectric absorption efficiency, excluding thermal dissipation, can exceed 95%. Moreover, under the synergistic
regulation of the strong coupling mechanism and critical coupling conditions, the photodetection response can be en-
hanced by up to 160%. This work highlights the importance of optimizing dissipation and coupling parameters under
strong coupling conditions, providing theoretical and design guidance for improving photoelectric conversion efficiency
and enhancing the performance of quantum well infrared photodetectors.
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Fig. 1 Schematic Diagram of the Photodetector Device and Energy Level Distribution: (a) Schematic diagram of the device: in-

put optical field S;, and output optical field S,,,; radiative dissipation coefficient I', and nonradiative dissipation coefficient I' ; cavi-

ty mode electric field E, and vacuum Rabi frequency Q,. (b) Schematic of the energy level distribution: ground state £, first excit-

ed state £, collective excitation electronic energy level E,, Fermi level £, and extraction level E,.
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Fig. 2 Reflectance and Absorption Efficiency of the Photode-
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Fig 4 Analysis of Maximum Photodetection Response with
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Tunneling Effect and Critical Coupling: (a) Maximum photo-
detection response versus extraction energy level w, at g=
11 meV: blue line considers tunneling and critical coupling,
orange line considers tunneling only, and red line ignores tun-
neling. (b) Percentage improvement in response with tunnel-
ing versus without tunneling. (c¢) Percentage improvement un-
der new critical coupling versus tunneling only. (d) Heatmap
of response improvement under the new critical coupling ver-

sus conventional critical coupling as g varies.
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