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High-performance Near-infrared Photodetector Based on Surface
Periodic Structure of the Perovskite Single-crystal Sheet

ZHANG Zhenyu", WANG Guoping”
(Laboratory of Artificial Microstructure Optoelectronic Materials and Devices , College of Electronics and

Information Engineering , Shenzhen University , Shenzhen 518060, China)

Abstract In this paper, millimeter-sized CH,NH,Pbl, (MAPbL,) single-crystal sheets (SCSs) were synthesized
using the spatial confinement method, and the periodic structures were fabricated on the SCS surface by focused ion
beam (FIB) etching technology, enabling the resonance absorption peak to be located in the near-infrared band.
Based on this active layer, a longitudinal-structured photodetector (PD) was constructed. The detection capability of
such device in the two-photon near-infrared light (1064 nm) was significantly enhanced by two orders of magnitude
compared to the device based on pristine MAPbI, SCSs. Specifically, the PD responsivity can reach 0.6 A/W, the
on-off ratio can reach 1.7x10*(the dynamic linear region is approximately 84.6 dB), the external quantum efficiency
can reach 58.2%, and the specific detectivity is about 6.3x10" Jones (1 Jones=1 cm+*Hz">*W™). The result
demonstrates the high feasibility of FIB etching for processing the periodic structure on the surface of MAPbI, SCSs,
which will greatly contribute to the design and fabrication of high-performance near-infrared photodetectors based on
perovskite single-crystal sheet.
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Scheme 1 Schematic diagram of the preparation process for MAPbI, single-crystal sheet(SCS)
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Scheme 2 Schematic illustration of the surface periodic structure processing on MAPbI, single-crystal sheet
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Fig.1 SEM image of a whole MAPbI, single-crystal sheet(A), the cross-sectional AFM height curve
of the sample and two-dimensional pattern(inset) near the edge(B), the absorption spectrum of

the whole sheet and its Tauc plot(inset)(C)
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Fig.2 SEM image(A), three-dimensional AFM image(B) and the cross-sectional AFM height curve(C)
of the surface periodic structure, the near-infrared reflection spectra of pristine SCS and the

surface periodic structure after the evaporation of 50 nm-thick Au layer(D)
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Fig.3 1I-V curves of the photodetector based on the MAPbI, single-crystal sheet at 520(A) and 1064
nm(B) continuous light irradiation with the device curve under dark conditions(olive curve)
as a reference, I-¢ curves of the photodetector at 520(C) and 1064 nm(D) rectangular pulsed
light irradiation with different powers
(C, D) The period of the pulse is 10 s, and the duty cycle is 50%.
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Fig.4 I-V curves of the photodetector based on the surface periodic structure of MAPbI, single-crystal
sheet at 520(A) and 1064 nm(B) continuous light irradiation with the device curve under dark
conditions(olive curve) as a reference, I-f curves of the photodetector at 520(C) and 1064 nm(D)
rectangular pulsed light irradiation with different powers
(C, D) The period of the pulse is 10 s, and the duty cycle is 50%.
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Fig. 5 Schematic diagram of the cross-sectional drawing of the periodic structure of the MAPbI, single-
crystal sheet, as well as the resonant cavity for two-photon near-infrared light(A), magnified SEM
image for the side facade of the surface periodic structure, with emphasis on marking the
nanoparticles(B), comparative XRD patterns of MAPbI, single-crystal sheet before and after under-
going FIB process, with emphasis on marking the slight and complex crystal facets of nanoparti-
cles(C), the comparative fluorescence lifetime curves(D), absorption(E) and fluorescence(F) spec-

tra between pristine and FIB-processed MAPbI, single-crystal sheet
P 2(A) 1 1 SEM BE 7 52 30 /2 MAPDL 58 ) 3 1 Jo] PS5 A A ORFOLIT , D0 i LA 7 Thi 7
FERL. WO R PSS B M 7 T AT T T SEMRAL[IE15(B) 1, Al UL, MAPDL, 5k F 2 A 1 45
(RS T HAT G OR I R TEDEAS . R UITE FIB N L B b, sl 355, #5715 MAPDL dnd& [R] AR
AR HISUE R R S A AT, FE R IR R b, A58 A R AR R 2 % B T SR I 4
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