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Abstract: Hybrid perovskite semiconductors have attracted enormous interest in the field of optoelectronic devices
for creating high-performance solar cells, light-emitting diodes, and photodetectors owing to their tunable narrow
band gap, high optical absorption, high charge-carrier mobility, and low cost, etc. Among them, perovskite single-
crystalline thin-films show greater promise as an ideal matrix for optoelectronic applications because of their absence
of grain boundaries, lower impurity, and lower defect densities. The space-confined method was usually used for the
growth of perovskite single-crystalline thin-films, where a polymer hole-transport layer was employed to accelerate
the ion diffusion. However, this solution-processed method will inevitably bring in the interfacial defects and induce
poor charge-carrier injection between the perovskite single-crystalline thin-film and hole-transport layer. Herein, we
introduced the template stripping method to solve this problem that enables direct thermal-deposition onto two sides
of the perovskite single-crystalline thin-film. A novel perovskite single-crystalline thin-film photodetector can be con-
structed by a device structure of Cu/BCP/C4/MAPbBr;/MoOs/Ag. Then, an ultrasensitive and fast perovskite single-
crystalline thin-film photodetector can be realized with an on-off ratio of 3. 1 X 10°, a responsivity up to 7. 15 A/W, a
detectivity of 5.39 x 10" Jones, and an external quantum efficiency of 1794%, due to the optimal device structure

and improved charge-carrier transport. These results indicate that the template stripping method provides a feasible
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approach to further improve the performance of perovskite single-crystal photodetectors.

Key words: hybrid perovskite semiconductors; perovskite single-crystalline thin-films; template stripping method;

photodetectors
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Fig.1 (a)Schematic diagram of growth process of MAPbBr; single-crystalline thin-film (SC-TF). Top-view optical(b) and SEM
(¢) images of MAPbBr; single-crystalline thin-film. (d) Thickness of MAPbBr; single crystals acquired by Surface Profil-
er. (e) AFM images of MAPbBr; single-crystalline thin-film. (f) UV-Vis absorption and PL spectra of MAPbBr; single-

crystalline thin-film
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Fig.2 Current-voltage(I-V) curves obtained from MAPbBr; SC-TF(a) and bulk single crystal(b). (¢)XRD patterns of MAPbBr,
SC-TF and bulk single crystal. (d)Time-resolved photoluminescence spectra of MAPbBr; SC-TF and bulk single crystal
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Fig.3 (a)Schematic diagram of fabrication process of the perovskite SC-TF photodetector based on the template stripping tech-

nique. (b) Schematic diagram of the MAPbBr; SC-TF photodetector. (¢) The corresponding energy band diagram of the
MAPbBr; SC-TF photodetector. (d)Photograph of the MAPhBry SC-TF photodetector
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(a) Current-voltage curves of MAPhBry SC-TF photodetector performed under the excitation of 520 nm by varying light in-

tensities. (b)Photocurrent response of MAPbBr; SC-TF photodetector with several on/off cycles measured at a bias voltage

of 1 V and the illumination intensity of 3.93 mW/cm®. (¢)Photocurrent and responsivity of MAPbBry SC-TF photodetector

performed under a bias of 1 V by varying light intensities. (d) The corresponding EQE and detectivity of MAPbBr; SC-TF

photodetector
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