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Abstract: Miniaturized, low-power, and high-performance photoelectric sensor is a key research topic in integrated
optoelectronic chips and intelligent sensors. Particularly, pyro-phototronic detectors have emerged as a vital research
direction in optoelectronic sensing due to their self-powered capability, fast response, high responsivity, and broad
bandwidth. Here, the fundamental principles of pyro-phototronic effect are elucidated, followed by an overview of per-
formance optimization strategies and specialized applications of this effect in various junctions-based photodetectors.
Subsequently, enhancement of non-uniform polarization field on pyro-phototronic effects in PN junctions is demonstrat-
ed through enhancement mechanism and constructing methodologies for gradient polarization fields. Based on the engi-
neered gradient polarization, we achieved the PN-junction pyro-phototronic detectors with superior performances in re-
sponsivity and spectral bandwidth. Finally, we offer insight into the future development of pyro-phototronic detectors in
design principles, device architectures, and specific applications. The studies on polarization-field-tuned photodetec-
tors offer flexible design paradigms for advancing pyro-phototronic sensing, which might significantly accelerate the

practical applications of pyro-phototronic detectors in smart sensing, communication and ultrafast imaging.
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Fig.4 Schematic band diagrams of p-Si/n-ZnO heterojunction'”’, as turning on (a) and turning off (b) light to illustrate the working

mechanism of pyrophototronic effect based PDs
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wavelength-distinguishable photodetector ™
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Fig.6 (a) Interface state modification via UV irradiation. (b) Enhancement mechanism of UV irradiation for pyrophototronic
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Fig.9 (a)-(c) At 0V bias voltage, transient responsivity under the quasi-monochromatic light excitations with a peak wave-
length from 300 nm to 1 700 nm (a) , pyroelectric enhancement factor (b) and detectivity (¢) of the graded p-Si/n-
Zn,_, Mn,0 pyrophototronic detector™’. (d) Photocurrent responses of the junction with initial IS, low concentration IS
and GIS vary with the exciting power density ™", (e) Photoresponsivity of the fabricated PD with the GIS varies with the

peak wavelength of quasi-monochromatic illuminations""
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Tab. 1 Comparison of performance parameters of self-powered pyrophototronic detectors controlled by uniform polarization and

gradient polarization fields

Polarization field Responsive Responsivity/ Detectivity/ Response time
Materials Ref.

type bandwidth/nm (mA-W™) Jones (rise/fall)/ms
Gradient p-Si/-Zn,_ Mn O 300~1 700 140(900 nm) 4x10"(900 nm) — [38]
Gradient p-Si/n-Zn0 320~1 120 63(880 nm) — (0.02/0.07) [51]
Uniform p-Si/n-Zn0O 325 17 — (0.7/—) [63]
Uniform 2D MoS, 470 24.6 2. 85x10° (0.741/2.83)  [24]
Uniform Ni0/ZnGa,0, 246 88 2.03x10" — [59]
Uniform N-IBATFA 260~1 950 1. 1(405 nm) 2.3x10"(405 nm) — [43]
Uniform n-Si/MAPbI, 780 1.5 3.4x107 (1.4/6.3) [56]
Uniform Ag/B-Ga,0, 200~980 2.029%107°(450 nm)  568. 627 3(450 nm) — [75]
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