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Motivation

« Mid-wavelength infrared (MWIR) detection and long-wavelength
infrared (LWIR) detection constitute the key technologies for
space-based Earth observation and astronomical detection. The
advanced ability of infrared (IR) to penetrate the atmosphere and
identify the camouflaged targets makes it essential for detecting
and tracking low-temperature and far-distance moving targets.

 However, due to the diverse scenarios in which space-based IR
detection systems are built, the key parameters of IR technologies
are subject to unique demands. Thus, it is crucial to provide a
more comprehensive exposition of the applications, developments,
requirements, and challenges of IR detection technologies.



Main idea

* The developments and features of MWIR and LWIR detectors with
a particular focus on their applications in space-based detection
are reviewed.

« A comprehensive analysis of key performance indicators for IR
detection systems and their interconnections with IR detector
parameters are conducted.

» The influences of pixel distance, focal plane array size, and
operation temperature of space-based IR remote sensing are
evaluated. Requirements and technical challenges of MWIR and
LWIR detection systems are identified to achieve high-quality
space-based observation platforms.



Evolution and space-based applications

of infrared detectors
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IR detectors have evolved from unit detectors, line arrays, single-color FPAs, and
double-color FPAs to the current 4" generation, which features multi-color FPAs. As

the number of pixels significantly increases, staring imaging is enabled.



Development of cooled infrared
systems onboard space telescopes
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Onboard the high-performance IR astronomy observation telescopes, high-sensitivity
IR detectors operate at temperatures ranging from 0.3 to 60 K, covering the detection
range from SIR to FIR.




Interconnections between the
performance indicators of infrared
detectors and detection systems
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The relationships between key performance indicators in designing a space-based IR
detection system are summarized. One can discern how an IR detector characteristic
impacts the performance indicators of the IR detection system and determine the
design parameters required to meet the IR detection system specifications.



Conclusions

Future IR detectors should have detection spectrum that expands
to mid-wavelength and long or very long wavelength, with a large
integrated format size and a smaller pixel size. This will enable the
space detection capability and the ability to explore the margins of
space, and will support future space resource exploration and
space policy formulation as well.

It is expected that in the future, a new generation of IR detectors
with multi-dimensional information fusion imaging, on-chip
intelligence, and on-chip sensing-storage-processing features will
further enhance IR detector technologies.
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