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Abstract: Traditional perovskite single-crystal optoelectronic devices typically rely on mechanical polishing to
achieve flat interfaces. However, this process inevitably introduces severe lattice damage and deep-level defects,
leading to increased dark current and significantly heightened noise in the devices, which severely limits their perfor-
mance. To address these issues, this paper proposes a silicon wafer-assisted seed-reverse-temperature crystallization
growth strategy. By leveraging the atomically flat surface of silicon wafers to regulate nucleation and growth behavior,
it successfully achieves controlled growth of high-quality perovskite single crystals, directly yielding flat, growth-tex-
ture-free native surfaces. Self-driven photodetectors were constructed using gold/silver asymmetric electrodes, sys-
tematically investigating photoresponse characteristics under visible light and X-ray irradiation with both front and
back illumination. At O V bias, the device exhibited a low dark current of 0. 014 5 nA, a high on/off ratio of 196 un-
der 500 nm front illumination, and a maximum responsivity of 2. 44 mA+W™". When light was incident from the rear,
the response shifted from broadband to narrowband. X-ray testing revealed a sensitivity of 3 487 pC+Gy,, ' +cm™ at
0 V bias, with a detection limit as low as 21. 99 nGy,;,*s™". This study provides a simple polishing-free approach for
constructing high-quality perovskite single-crystal interfaces, offering a novel technological pathway for developing

ultra-sensitive, low-cost perovskite single-crystal photodetectors.
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Fig.1 (a)Schematic of MAPbBr; single crystal fabrication process. (b)Optical morphology of MAPbBr, single crystals grown us-

ing silicon substrates as seed assistants. (¢)Optical morphology of MAPbBr, single crystal grown by traditional seed crys-
tals. (d) Optical morphology of CsPbBr; single crystals. () Optical morphology of MAPbCl; single crystals. (f) XRD pat-
tern of MAPbBr3 single crystal. (g) Optimized MAPbBr3 single crystal SEM image. (h) Unoptimized SEM image of MAPb-
Br; single crystal. (i) Optimized MAPbBr; single crystal SEM image at 10 pm scale bar. (j) SEM image of unoptimized
MAPbBr; single crystal at 10 pm scale bar
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Fig.2 (a) Absorption spectrum. (b) Optimized MAPbBr; PL photoluminescence spectrum. (¢)PL photoluminescence spectrum
of unoptimized MAPbBr;. (d) Carrier mobility-lifetime product plot
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Fig.3 (a)Schematic diagram of the device structure for MAPbBr; single crystals. (b) [-V characteristic curves of MAPbBr; sin-

gle crystals under different incident light wave conditions at 500 nm illumination and in dark state. (¢) I-t characteristic
curves of MAPbBr, single crystals under O V bias at 500 nm illumination for different incident light wave modes. (d)Band
diagram of the MAPbBr; detector at 0 V under no illumination. (e)Band diagram of the MAPbBr; detector under 0 V illu-
mination at 500 nm. (f)Stability test of MAPbBr; detector at 0 V under 500 nm light illumination for 2 000 s. (g) The re-
sponse curves of MAPbBry single crystals under different incident light wave modes. (h) Transport of carrier-generated

particles in back-illuminated time. (i) Transport of carrier generated by directly incident light
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