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ABSTRACT Due to various advantages such as outstanding light absorption coefficient long charge carrier diffusion distance simple
synthesis method and low cost halide perovskite materials which are light absorption materials are widely considered as promising
candidates for next-generation electronic and optoelectronic devices such as solar cell light-emitting diode photodetector laser
device X-ray imaging and information storage devices. Particularly since the introduction of halide perovskite-based solar cells in
2009 their solar conversion efficiency has increased from 3. 8% to 23% which is almost equal to that of commercial silicon cells in
less than ten years. However the low phase stability ion migration-induced hysteresis phenomena and performance degradation
significantly impede the further commercial application development of halide perovskite-based materials. Most recently more attention
has been paid to the zero-dimensional ( 0D) halide perovskite quantum dots ( QDs) as compared to polycrystalline perovskite films
because of their unique optical and electrical properties such as high crystalline quality and defect tolerance flexible composition

quantum confinement effect and geometric anisotropy. This paper summarized the limitations of the polycrystalline perovskite films and
reviewed the intrinsic optical properties and detailed synthesis methods of halide perovskite QDs as well as their applications in optoe—
lectronic devices. Specifically the recent breakthrough on 0D-2D mixed-dimensional van der Waals phototransistors was systematically

introduced. In addition some perspectives of mixed-dimensional van der Waals phototransistors which include interfacial charge carri—

1 2018—12—11
: (2016YFA0202701) ; (51527802 51232001 51702014 51372020
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er behavior modulation and subsequent construction of high performance photosensing device were highlighted and the corresponding

scientific issues and challenges were discussed as well. Such comprehensive review is expected to be helpful for understanding and

solving current issues faced in this research field; thus it will effectively guide the evolution of the halide perovskite quantum dot mate—

rials and the development of perovskite-based next-generation optoelectronic devices in future.

KEY WORDS halide perovskite quantum dot; phototransistor; mixed-dimensional heterostructure; photodetector; stability
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Fig.1 Typical structure and limitations of polycrystalline perovskite thin films: ( a) typical perovskite crystal structure; ( b) schematic of the lateral

structure photovoltaic devices; (c¢) hysteresis of photocurrents under negative and positive poling; defects diffusion or ion migration paths for vacan—

cies V;(d) and Vy,(e); (f) AFM topography image of the perovskite film; local current measured in grain boundary ( g) and grain ('h) in Fig. ( f)
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Fig.2 Methods of perovskite nanodots synthesis: (a) ligand-assisted reprecipitation; ( b) hot injection; ( ¢) SiO, mesoporous template; ( d)
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Fig.3 (a) Schematic of device construction and carrier transportation; ( b) current—voltage ( /—V) logarithm curves of the photodetector under dif-

ferent powers; () images of the CsPbX; QDs solution illuminated under sunlight/UV light and a 3D schematic illustration of the junction structure

constructed upon SiNWs; (d) normalized PL and absorption spectra of CsPbBr; QDs with a simulation distribution profile of absorption intensity at

300 nm and 510 nm
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Fig.4 Perovskite-based photoelectric field effect transistor devices: (a) schematic of the MAPbI; phototransistor; ( b) AFM height image and the
corresponding 3D topographic image of the perovskite fllm; ( ¢) photoresponsivity of the perovskite phototransistor; ( d) schematic of the fast carrier
transport in perovskite/CNTs hybrid structure; ( e) schematic of the perovskite/CNTs phototransistor; ( f) output characteristics; ( g) schematic of the
perovskite-graphene hybrid phototransistor; ( h) photoresponsivity ( R) and external quantum efflciency ( EQE) characteristics of the device; (1)

schematic of the CsPbBr; /MoS, hybrid structure
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Fig.5 Interfacial charge behavior modulation and characterization in the 0D2D mixed-dimensional van der Waals heterostructures ( MvdWHs) : ( a)
schematic model of the two types of perovskite quantum dots-monolayer MoS, 0D2D MvdWHs; ( b) time-resolved photoluminescence spectroscopy;
Fluorescence intensity and fluorescence lifetime mapping of images for type—1 ( ¢) and type-Il ( d) MvdWHs excited by 483 nm laser; ( e) schematic
model of the phototransistor devices with an optical image in its inset; (f) transfer curves for the type—Il MvdWH-based phototransistor at different il—
lumination powers inset showing the shift of the threshold voltage vs effcient illumination powers; ( g) responsivity ( R) at each gate voltage vs effcient

illumination powers
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Fig.6 Photodetectors based on 0D2D mixed-dimensional phototransistor: ( a) schematic model of the CsPbBry_ I, NCs—graphene phototransistor;
(b) energy diagrams of the CsPbBr; _ I, NCs—graphene heterostructure under illumination; ( ¢) transfer curve for the CsPbBr;_ I, NCs—graphene
phototransistor; ( d) schematic of the all4norganic perovskite CsPbl; _ Br, QDs-MoS, monolayer mixed-dimensional phototransistor; ( €) fluorescence
lifetime image mapping of the mixed-dimensional herterostructure; (f) time-resolved photoluminescence spectroscopy of the mixed-dimensional hertero—
structure; ( g) shift of the threshold voltage ( AV,,) as a function of effective illumination power; ( h) schematic illustration of the channel current
transport mechanism and energy band diagram of the phototransistor at on-state ( V, > V,) ; (i) responsivity ( R) and specific detectivity (D" )  with

an inset showing the EQE as a function of illumination power
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