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Abstract : Lead sulfide quantum dots (PbS QDs) have excellent optoelectronic properties and strong near-
infrared light absorption, making them ideal materials for the preparation of near-infrared photodetectors.
However, there are still challenges in the process and insufficient performance of the PbS QDs-based
optoelectronic detection. In this study, PbS QDs are synthesized by the hot injection method, and the PbS
quantum junction infrared detector is prepared by the layer-by-layer method and the solid-state ligand
exchange method. The photoelectric performance of the PbS quantum junction infrared detector is
improved by the thermal annealing process, and the effect of annealing temperature on the photoelectric
performance of the PbS quantum junction is described. The results show that annealing effectively reduces
the dark current of the PbS quantum junction infrared detector while increasing the photocurrent, and
obtains a stable photoresponse current output. After annealing, the response time of the PbS quantum
junction infrared detector is shortened, resulting in a time of 1.9 ms and a delay time of 3.2 ms. The
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sensitivity of the detector is improved, and the responsivity and detectivity are increased by 1.2 times and

1.3 times, respectively, resulting in a responsivity of 0.78 A+W ™" and a detectivity of 7.8 X10" cm-Hz"*-W ™",

Annealing effectively improves the crystallinity and the carrier mobility of PbS QDs thin films, while

reducing the defect states at the film and interface, resulting in a comprehensive improvement in the

optoelectronic performance of PbS quantum junction infrared detectors.
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Fig.1 Preparation process of PbS quantum junction infrared detector
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(a)low-magnification optical microscope image of D, devices; (b)high-magnification optical microscope image of D, device;

(c)SEM cross-section of D, device; (d)SEM cross-section of D, device
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Fig.4  Structure and I-V and I-T optoelectronic properties of PbS quantum junction infrared detectors

(a)schematic diagram of device structure ; (b)dark current of device; (¢)photocurrent of device;; I-T curves: (d)D; at 1 V;
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Fig.6 Response speed,responsivity, and detection rate of PbS quantum junction infrared detectors

(a)response speed of D, device; (b)response speed of D, device; (¢)responsitivity of D; and D, devices; (d )detectivity of D, and D, devices
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