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Abstract

Photodetectors are widely used in both civilian and military fields, such as electromagnetic radia-
tion detection, environmental monitoring, optical communication and missile guidance, etc. Organic-
inorganic perovskite single crystals have excellent photoelectric detection performance. Compared
with traditional semiconductor materials (such as Si, GaAs and GaN, etc.), they also have the advantages
of easy doping, easy preparation and environmental friendliness. Nowadays, organic-inorganic perov-
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skite single crystal photodetectors have made considerable progress in aspects such as wavelength
regulation, sensitivity, switching ratio and dark current. Starting from the basic principles of pho-
todetection, this paper mainly introduces the research progress and current situation of organic-inor-
ganic perovskite single crystal photodetectors, and discusses the performance improvement and opti-
mization strategies of the detectors. It aims to trigger new ideas for the development of perovskite
materials in the field of detection.
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Figure 1. (a) Schematic diagram of the Au/MAPbI3/Ga/Glass device structure; (b)~(c) Comparison of responsivity and EQE
between 3 mm and 200 um-thick single-crystal devices; (d) Power-law fitting under varying light intensities
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Figure 2. (a) Schematic diagram of BSSG growth; (b)Optical images of MAPDI; single crystals with (100) and (112) fac-
ets(c)MAPDCI; single crystals (4.5 mm~10 mm in size) grown via micro-solution reaction; (d)Responsivity curves of the
MAPDBCI; detector under 1 V~3 V bias; (e) [-V characteristics of the device; (f) Device response speed measurement
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Figure 3. (a) Schematic of the MAPbBr; NWs device structure; (b) Dependence of the responsivity and detectivity of the
device on the light intensity; (c) [-t curves of perovskite nanowire photodetectors measured; (d) Schematic illustration of the
lateral-structured photodiode based on the MAPbDI; crystal array; (e) Current-voltage curves of the photodiode under light
illumination with different intensities; (f) Lightintensity-dependent photocurrent for the device
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Figure 4. (a) MAPbCIs single crystal growth process, photos of triangle prism MAPbCIs single crystals; (b) XRD patterns of
(100) and (110) planes of MAPbCIs single crystal; (c) Responsivities and EQEs of MAPbCI; single crystal on (100); (d)
Responsivities and EQEs of MAPDbCl; single crystal on (110)
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Figure 5. (a) XRD patterns of the MAPDbBr3 rods (black) and plates (red); (b) TRPL decay profiles (excited at 405 nm) of the
MAPDBEr3; single plate (red) and single rod (black); (c)~(d) I-V curves of the MAPbBr; single plate and single rod devices
under dark condition and under illumination (light wavelength is of 350 nm with an intensity of1.32 mW cm™) (¢)
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Figure 6. (a) Preparation process diagram of the Au/MAPbCI; single crystal/Ag structured photodetector; (b) Energy band
diagram for the device; (c) Photoresponse spectra of the devices with Au-Ag electrodes at 30 V reverse bias and with symmet-
rical Au electrodes at 30 V. Inset: the photoresponse spectra of the above two structured devices at 0 V; (d)~(e) Transient
photocurrent response of the device with the light source of a 355 nm pulsed laser at 0 V and 30 V reverse bias
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Figure 7. (a) Schematic diagram of MAPbBr3-based photodetectors with interdigital electrode spacings of 25 um, 50 pm, 75
um, 100 ym, and 125 um; (b)~(d) Photoresponse spectrum, detectivity spectrum, and photoswitching response of the 50 um-
spacing detector
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Figure 8. (a) Schematic diagrams of Au/perovskite and Pt/perovskite devices; (b) Energy band alignment between metal elec-
trodes and perovskite; (c)~(e) Device responsivity spectrum, detectivity spectrum, and EQE spectrum
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Figure 9. (a) Device structure of the self-powered MAPbBr3/Si heterojunction; (b) Operational mechanism of the self-powered
narrowband photodetector; (c) Photoresponse measurement results; (d) Energy band diagram of the heterojunction
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Figure 10. (a) Device schematics of Ag*-doped and Sb**-doped MAPbBr3 photodetectors; (b) Power-dependent I-V charac-
teristics; (c) Comparative responsivity spectra; (d) MAPbI3/GaN heterostructure device; (¢) Energy band alignment at the
MAPDI3/GaN interface; (f) Cross-sectional SEM image of the interface; (g) Power-dependent photoswitching behavior; (h)
Switching speed at 0.25 mW/cm? illumination; (i) Wavelength-dependent switching performance
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Figure 11. (a) MAPDI3/Si heterojunction device; (b) Schematic of photoinduced carrier transport under illumination; (c)
Current-voltage (I-V) characteristics; (d) Perovskite single crystal epitaxially coupled on Si substrate; (€) MAPbCI13/Si het-
erojunction device; (f) Carrier transport mechanism under illumination; (g) Wavelength-dependent I-V characteristics; (h)
Responsivity and detectivity of MAPbCI3/Si device; (i) Temporal photoresponse (on/off switching).
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