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Abstract: Polarization integrated detector has the advantages of small size, light weight, compact structure, and no
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need for image registration to detect and recognize the dynamic targets simultaneously at the same place. This

article mainly introduces the research progress and applications of polarization integrated infrared detector. We

analyse the key technologies for obtaining high extinction ratio polarization integrated detectors, such as grating

structure design and simulation, submicron polarization grating preparation, integration and testing, polarization

image data reconstruction, etc. Finally, we introduce the typical applications of polarization imaging in unmanned

aerial vehicles, camouflaged trucks, landmines, sea vessels, facial recognition, road recognition, sea oil leakage

detection, medical detection, etc.

Keywords: polarization integrated detector; extinction ratio; image reconstruction; polarization imaging applications
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Fig. 1 Basic concept and connotation of polarization integrated detector imaging
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Fig. 2 (a) Schematic diagram of the quantum well infrared detector and polarization response test spectrum *; (b) Schematic diagram of the
mid infrared structure of type Il superlattice and polarization response spectrum ; (c) Optical field distribution diagram and SEM diagram of the
integrated plasma microcavity quantum well infrared detector™; (d) Structural diagram and SEM diagram of the integrated non centrosymmetric
uniform elliptical array uncooled infrared sensor; (e) Schematic diagram and polarization selective enhanced spectrum of
the InGaAsP quantum well photodetectors with the integrated non-uniform photonic crystal structure !
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Fig. 3 (a) Schematic diagram of the circular polarization photodetector integrated with chiral materials and semiconductors "”; (b) Schematic
diagram of the linear polarization and circularly polarized light converting each other into super surface materials "'"; (c) Theoretical model of the

MWIR polarization detector with monolithic integrated surface metamaterial "*"'*; (d) Symmetry design of the circular polarization structure;
(e) Design of the T-shaped structural unit parameters; (f) The geometric design of the devices includes annular, semi annular,

and L-shaped designs; (g) Devices achieve highly selective photoelectric response "**
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Research progress and applications of
polarization integrated infrared photodetector

Zhou Jian', Zhou Yi"**, Ni Xinyue’, Wang Fangfang', Ying Xiangxiao', Huang Min’,
Xu Zhicheng', Chen Fansheng®®, Liu Yunmeng', Chen Jianxin"**

Basic concepts and connotations of polarization integrated detector imaging

Overview: As one of the important platforms of the fourth generation new photoelectric imaging technology, the
polarization integrated detector can simultaneously obtain multi-dimensional information such as the intensity and
polarization of infrared radiation, and has the advantages of small size and high reliability. It is the development
direction of the future infrared polarization imaging system. We first introduce the concept and research progress of the
polarization integrated detectors, from the earliest regional polarization integrated detectors to pixel level polarization
integrated detectors, and from the linear polarization integrated detectors to the focal planar array polarization
integrated detectors. The second part mainly introduces the key technologies of the polarization integrated detector,
mainly including the integrated structure design and the influence of related parameters on device performance, the
method of the submicron polarization grating structure integration process, and the performance testing system. The
third part mainly introduces the pseudo color image reconstruction method of the polarization integrated detector
imaging and its application to typical targets in complex scenes. The last part introduces the new progress of the long-
wave infrared polarization focal plane of Shanghai Institute of Technical Physics.

Infrared polarization imaging shows great advantages based on the application requirements in some scenarios, but it
also faces the huge challenge of reducing the signal-to-noise ratio and the spatial resolution caused by halving the
received radiation energy. It needs to make continuous efforts to break through the existing technical bottlenecks in
both hardware and software. In terms of the performance of polarization integrated devices, it is necessary to continue
to improve the extinction ratio of the polarization integrated detector by cooperating with the metasurface structure to
control the light field. In the aspect of image reconstruction and fusion, it is necessary to clarify the polarization
characteristics of the target and background and the transmission characteristics of polarization through the
polarization coding algorithm, and reflect its important value of significantly improving the signal-to-background ratio
in the imaging detection of typical targets in relevant application scenarios.
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