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Infrared Differential Detectors: A New Paradigm
Beyond the Limits of BLIP

LU Wei, LI Xiang-yang, LI Ning, ZHANG Yan, MA Ding, WANG Ji-giang
ZHEN Hong-lou, ZHOU Xiao-hao, WANG Shao-wei

(State Key Laboratory of Infrared Science and Technology . Shanghai Institute of Physics »
Chinese Academy of Sciences, Shanghai 200083 , China)

Abstract: Although long-wavelength infrared imaging technology is crucial in applications such as terrestrial
remote sensing and astronomy, it faces a fundamental challenge from the overwhelming thermal background
radiation. This background photon flux often pushes conventional detectors to the limits of their background-
limited performance (BLIP). The main limiting factor here is not the intrinsic noise of the detector, but the
shot noise of the background itself. In this paper, a key classification is demonstrated to distinguish between
two superficially similar but fundamentally different detection architectures (difference detector and differential
detector). According to the application and implementation of the detector, the background photocurrent of the
conventional difference detector sets a background-determined threshold for the detectable signal difference,
while the differential detector is a device that directly measures the differences of the target physical quantities
at the physical perception level. Only the weak difference signals are integrated, resulting in extensive cumula-
tive sampling to improve the signal-to-noise ratio to an unprecedented level. In particular, the differential de-
tection technology path based on the quantum well infrared photodetector (QWIP) is introduced. QWIP pro-
vides an ideal physical basis for realizing high-performance long-wavelength infrared differential detectors with
its extremely low dark current, precise electrical controllability and intrinsic spectral selectivity, and has made
significant progress in experiments. Finally, Fisher information theory and Cramer-Rao bound are used to pro-
vide rigorous theoretical support for differential detectors.

Key words: difference detector; differential detector; quantum well infrared photodetector; long-wavelength
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