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The development of an efficient fabrication route to achieve high-resolution perovskite pixel array is key to realization of large-scale deformable image sensor devices. Herein, a highresolution and stable 10 × 10 flexible PDs array based on formamidium-based quasi-2D (PMA)2FAPb2I7 (n=2) perovskite is demonstrated using the developed SiO2-assisted hydrophobic and hydrophilic treatment process on polyethylene terephthalate substrate. By introducing Au nanoparticles (Au_NPs), we improved the perovskite film quality and reduce grain boundaries.

The mechanism of Au_NPs to improve the photoelectric quality of perovskite is mainly revealed by glow discharge-optical emission spectroscopy (GD-OES) and grazing-incidence wide-angle X-

Introduction

Photodetectors (PDs) can convert incident light signal into electrical signal, which are highly desirable for a wide range of applications in imaging, environmental monitoring, medical analysis, and optical communication [1][2][3][START_REF] Sorger | Advanced 2D material optoelectronic devices[END_REF]. Recently, with the advent of flexible electronic devices, there has been a growing need for flexible PDs. Due to the stretchability and wide-angle imaging properties of flexible PDs, significant breakthroughs have been made in the application of wearable sensors and biomimetic electronic eye optoelectronic devices [5][6][7]. Therefore, pursuing a new type of deformable image sensor with excellent photoelectric performance, good stability, low cost and large-scale integration has become a tremendous driving force for developing advanced, large-scale, controllable, and high-quality patterned flexible PDs arrays. Organic, inorganic, and hybrid semiconductors have been extensively studied in PDs, including organicinorganic metal lead halide perovskite with remarkable optical and electrical properties, which are proposed as core materials for next-generation optoelectronic devices [8][9][10]. The attractive Please cite this paper as : T. Wang, D. Zheng, K. Vegso, N. Mrkyvkova, P. Siffalovic, T. Pauporté, High-Resolution and Stable Ruddlesden-Popper Quasi-2D Perovskite Flexible Photodetectors Arrays for Potential Application as Optical Image Sensor. Adv. Funct. Mater. (2023) 2304659. https://doi.org/10.1002/adfm.202304659 properties of this new class of materials are due to their low defect density, large carrier diffusion length, large light absorption coefficients, high and balanced carrier mobility, tunable band gap, low temperature material processing techniques, and stable ductility [9][10][11][12]. Recently, perovskite PDs have achieved many breakthroughs due to their high performance and low cost [13][14][15][16].

Although three-dimensional (3D) organo-inorganic lead halide perovskite (CH3NH3PbX3)-based PDs have made amazing progress, their environmental instability cast a shadow over their wider applications [17,18]. In addition, due to the incompatibility between perovskite materials and photolithography techniques and the polar liquids stripping process, it is difficult to achieve the miniaturized and integrated arrays of photoelectric device with typical sizes down to microns or even nanometers. Hence, the controllable fabrication of high-quality and stable perovskite microstructure arrays remains a major challenging [6,[19][20][21].

To achieve array integration of perovskite-based PDs with high quality and satisfactory stability, many researchers have put much effort into controllable synthesis of materials and devices design [22][23][24]. First, numerous theoretical and experimental work on controllable synthesis of materials have proved that quasi-2D perovskite is the most promising solution for industrial applications due to its excellent environmental stability [14,25]. Because quasi-2D perovskite simply adds large organic cations to the 3D perovskite lattice, this composite structure exhibits a unique multiple-quantum well structure, making materials have low combination energy and high deformation tolerance, and thus exhibit excellent thermal stability [26,27]. In particular, the formamidinium (FA) based quasi-2D perovskite turn out to be the most promising solution in industrial applications due to their excellent structure and thermal stability than methylammonium (MA), and it is closer to the optimal Goldschmidt tolerance factor [28] as well as a better band gap and better charge transfer ability, resulting in FA-based quasi-2D perovskite having better thermal stability and photoelectric performance, which is an ideal photosensitive layer material for highly efficient and stable PDs [29][30][31][32][33][34]. However, due to the quasi-2D perovskite is obtained by dimensionality reduction of 3D perovskite, which leads to a decrease in the carrier concentration and electrical conductivity [35,36]. Therefore, the photoelectric performance of quasi-2D perovskites is inferior to that of 3D perovskites. To overcome the above problems, it is necessary to improve film quality and crystallinity to achieve high-performance quasi-2D perovskite PDs.

The strategy of using organic halides as additives or passivators to improve the crystallinity of 3D perovskite thin films has been successfully demonstrated [29,37,38]. However, as far as we know, this method is rarely reported to be used to improve the crystallinity of quasi-2D perovskite in PDs.

Therefore, these is an urgent need to further explore the controllable growth of quasi-2D perovskite materials to improve their photoelectric properties. Moreover, to integrate quasi-2D perovskite into electronic and optoelectronic devices, a micromachining process including efficient patterning methods is required [39,40]. In microelectronics manufacturing, modified bottom-up photolithography is a standard method for achieving reproducible and high-resolution patterning [6,19]. However, templates/patterns must be prepared prior to perovskite growth. In the lift-off patterning, perovskite is deposited on the substrate, which is covered with a disposable mask (usually a patterned photoresist layer). When removing the mask, perovskite is only formed where it is in direct contact with the substrate [20,41]. Despite these advances in perovskite-related integrated devices, fabricating large-scale, high-quality, and stable perovskite arrays with the required morphology and size, as well as precise electrode alignment during device integration remain a challenge.

In this work, a sequential deposition method using the developed SiO2-assisted hydrophobic and hydrophilic treatment process on polyethylene terephthalate (PET) substrate was achieved for the controllable synthesis of large-scale quasi-2D (PMA)2FAPb2I7 (n=2) film arrays with precise pixel position and controllable morphology. To meet the requirements of PDs arrays for independent photosensitive units, the process of using Au_NPs to reduce film defects and using FACl post-treatment as an effective simple bulk recrystallization method to reduce recombination at the interface and remove excess PbI2 in the formed crystal was employed, which greatly improved the photoelectric quality of the films. Flexible PDs arrays exhibited excellent optoelectronic properties with high responsivity and broad spectral response. In addition, the device exhibits excellent electrical stability even under severe bending and excellent flexural strength after thousands of bending cycles, as well as excellent environmental stability with slightly reduced optical response after 40 days of storage at ambient temperature. Furthermore, using the flexible PDs as sensor pixel of the imaging system, high-resolution imaging patterns were obtained, proving the imaging capability of the PDs arrays. The results indicate that the integrated devices may have potential applications in optical imaging, digital display and artificial electronic skin. 

Results and Discussion

To synthesize large-scale quasi-2D perovskite arrays on flexible substrates for optical sensing and imaging applications of high-resolution PDs arrays, a suitable and effective fabrication technique needs to be developed. Therefore, flexible quasi-2D (PMA)2FAPb2I7 perovskite PDs arrays were fabricated by modified photopatterned polymer template lithography. Figure 1 shows the schematic diagram of the process for fabricating patterned perovskite films. First, the flexible substrate PET was treated with oxygen plasma to obtain hydrophilic surface. Next, the positive photoresist solution was spin-coated onto the substrate to generate a photoresist layer and standard ultraviolet photolithographic techniques were employed to define the required patterns. A thin SiO2 layer was deposited by magnetron sputtering as an auxiliary layer for surface hydrophobic treatment. Then it was treated with a solution of (octadecyl) trichlorosilane (OTS) in hexane for 20 minutes to make the entire surface hydrophobic. Next, the substrate was placed in an acetone solution to remove the photoresist mask, exposing the photoresist covered area with a hydrophilic surface. After treatment, the perovskite precursor solution was dropped onto the treated substrate so that only hydrophilic part of the surface was wetted by the precursor solution. After spin-coating and annealing at 100 ℃ for 15 seconds, an appropriate amount of Au_NPs were sputtered onto the film surface. The film was then annealed at 100 ℃ for 20 minutes to improve crystallinity. At the end of annealing, the FACl solution was spin-coated at an optimized concentration (2 mg mL -1 in IPA) to recrystallize the film and improve the film quality. This part is described in detail in the supporting information. The main steps of (PMA)2FAPb2I7 perovskite film synthesis are shown in to obtain large area and high-quality quasi-2D (PMA)2FAPb2I7 perovskite arrays. It is worth noting that the method of introducing Au_NPs here is not to add them directly to the precursor solution in the traditional sense, but to uniformly introduce large-area thin films that are in the process of crystallization by sputtering (Figure S1). The structural properties of the samples were examined by XRD, and the measured patterns are shown in Figure 2e. After adding Au_NPs into pure perovskite, the (222) diffraction peak intensity of perovskite gradually increased, while the intensity of the PbI2 peak at 12.7˚ decreased. The observed intensity increase indicates a higher crystalline quality and an improvement in the vertical orientation of the perovskite film, proving that a 20 s sputtering time of Au_NPs (Au_NPs-20s) could suppress the growth of PbI2 and improve the quality of perovskite film in terms of crystallinity. Further increase of Au_NPs concentration (sputtering time over 20 s) affected the film quality and decreased the intensity of the diffraction peak (details in the Figure S3a). After FACl-post-treatment, the peak intensity of PbI2 further decreased, while other diffraction peaks obviously increased, indicating that FACl recrystallization significantly improved crystallinity. Figure 2f shows the absorption spectra for pure perovskite (labeled Ref), Au_NPs, and Au_NPs+FACl treat samples. Compared to the bare Ref, the samples treated with Au_NPs and Au_NPs+FACl showed a slight red-shift of the absorption edge, suggesting that Au_NPs and FACl post-treatment contributes to the phase transition and growth of perovskite films, improve crystallinity, and then promote grain size growth [38,42]. Upon addition of Au_NPs, the essentially unchanged band gap value indicates that introducing Au_NPs did not result in a measurable change in the perovskite lattice (Figure S3c). On the other hand, with increasing sputtering time, the near-infrared absorption intensity increased significantly for the Au_NPs-treated films, indicating that were better light harvesters, and help to broaden the range of photoresponse of perovskite. It is also related to the absorption range of Au_NPs (Figure S3d). However, we found that an excessive content of Au_NPs can hinder the light absorption of perovskite films (Figure S3b). The results reveal that the appropriate amount of Au_NPs can promote near-infrared light absorption and improve the film quality of (PMA)2FAPb2I7 perovskite. Therefore, after introducing an adequate amount of Au_NPs, the grain size increases and the grain boundaries decreases, which also improves the quality of perovskite film and reduces inherent defects (Figure S4, details in the Supporting Information). All these aspects strongly affect the final performance of the device and we will be discussed below. To deeper understand the effect of Au_NPs on the film formation process, we first adopted the GD-OES technique in which the curve intensity shows the depth concentration profile of the main element concentration in perovskite layers as a function of sputtering time using Ar plasma.

The working principle of GD-OES is shown in Figure S5. For reference purposes, the presence of Si was shown as a purple line. It visualizes the onset of substrate sputtering at around 10-15 s. Therefore, sputtering times between 0 and 10-15 s correspond to times when the perovskite layer was probed from the top to the bottom interface. We studied the depth-resolved element profiles for the pristine sample (Figure 3a) as well as for the sample with Au_NPs (Figure 3b). The curve intensity shows the variation of Au or I element concentration with Ar plasma sputtering time. The sputtering time to complete perovskite (from top to bottom) depth detection was 20 s. First, it can be seen that iodine (I) signal was increased during the first few seconds due to the strong solvent elimination and a broad distribution of I throughout the entire bulk in both samples. By comparing XRD results in Figure 2e, we can conclude that the high quality of the perovskite layer with Au_NPs produces an enhanced signal intensity for I element. We also examined the Au distribution in the film, which can help us to analyze the recrystallization process. In Figure 3b, as expected, we found that Au_NPs concentration suddenly increased at the beginning and then gradually decreased, indicating that the Au_NPs were not only present on the top surface of perovskite layer, but also in the upper layer of perovskite film. To understand this, we assume that the Au_NP segregated at the grain boundaries of the perovskite crystallites during the recrystallization process and induced the growth of a more textured perovskite film with better crystallinity. Consistent with our previous work, the changing distribution of these elements allows us to better understand the quality of perovskite films [43][44][45]. We measured the thermal conductivity of the pure perovskite film and film with added Au_NPs to further demonstrate that the addition of Au_NPs contributes to better crystallization of the perovskite film. As shown in Figure S6a, the thermal conductivity of perovskite film added with Au_NPs was about 52 % higher than that of pure perovskite, indicating that the presence of Au_NPs may make perovskite film more uniformly heated in the annealing process, thus contributing to more crystallization [46,47]. Furthermore, the crystal structure and grain orientation of perovskite films were studied by grazing-incidence wide-angle X-ray scattering (GIWAXS). The GIWAXS patterns of the reference and Au_NPs treated perovskite films are displayed in Figure 3c and3d, respectively. The former reveals two orientations of the (PMA)2FAPb2I7 (n=2) phase, both exhibiting a uniaxial texture. The series of three diffractions 020, 040, and 060 along qz at 0.3, 0.6, and 0.9 Å -1 belong to a horizontally oriented fraction. The radial distributions of their intensities confirm a strong texture with (010) planes parallel to the substrate (Figure S6b). On the other hand, the four prominent diffractions 111, 002, 211, and 0102 belong to the vertically oriented fraction of the (PMA)2FAPb2I7 (n=2) phase, with (101) planes parallel to the substrate. This is also confirmed by the coplanar XRD scans shown in Figure 2e, showing only 111 and 222 diffraction peaks belonging exclusively to the vertically oriented fraction of the perovskite film. The less pronounced diffraction 020 located at qz≈0.5 Å -1 in GIWAXS pattern belongs to a minor (PMA)2PbI4 (n=1) phase. Recrystallization of the perovskite film employing Au_NPs has no adverse effect on the crystallinity and texture of the final film. The only effect seen is an increase of vertically oriented crystallites at the expense of horizontally oriented ones. This is also confirmed by a significant increase in the intensity of 202 diffraction peak compared to 111 diffraction peak (see Figure 2e).

The device structure of the modified broadband PDs (referred to as Ref-Au_NPs-FACl-PDs) is shown in Figure 4a. The optoelectronic properties of the Ref-Au_NPs-FACl-PDs were studied at different incident wavelength (Figure 4b). The I-V curves of Ref-Au_NPs-FACl-PDs at different wavelengths of light measured in the UV, visible, and near-infrared regions at a light intensity of 11.52 mW cm -2 showed a broad response spectrum (Figure S7a). Figure 4c 

𝐷 * = 𝑅√ 𝐴 2𝑞𝐼 𝑑 (2)
where R is the responsivity, Id is the dark current, q is the electronic charge, and A is the area of S1. In comparison, our fabrication method were competitive in improving performance and broadening the optical response range of device. been a challenge. For practical application, the electrical stability of flexible PDs arrays in bending state was characterized. Figure 5a shows the corresponding recordings of the device under different bending conditions. Figure 5b displays the output current of the device at various bend angles ranging from 0° to 70° under 450 nm illumination with a light intensity 11.52 mW cm -2 at a bias voltage of 2 V. Although the photocurrent decreased at small bending angle of 10°, the flexible device showed no further significant decrease of photocurrent at a more severe bending up to 70°. This indicates that the flexible PDs arrays retain good photoelectrical stability even after substantial bending. During the cyclic bending test shown in Figure 5c, the device was repeatedly stretched and bent up to 70°. After bending 5000 times, there was only a slight decrease in photocurrent, probably due to the increase in electrode resistance, and the flexible PDs arrays still functioned properly, showing that the flexible perovskite PDs arrays have great application potential in the field of flexible devices. We also measured the stability of the device under periodic on-off switching of light illumination at 450 nm with a light intensity of 11.52 mW cm -2 . As shown in Figure 5d, the modified perovskite PDs exhibited stable performance under periodic on-off switching, with no decrease observed during runtime. The results confirm that the modified PDs have excellent working stability. Long-term photosensitivity measurements were also performed to analyze the stability of PDs without encapsulation (room temperature, 30-45 % humidity). The response of the Ref device (without PMMA) decreases by about 50 % after more than 40 days compared to the initial value. In contrast, the modified PDs only degrade by 10% under the same conditions. Therefore, the PMMA film on the top surface significantly improved the environmental stability of PDs, which was not the case for the pristine perovskite hybrid structure devices (Figure S8). Notably, no significant adverse effect due to the PMMA layer was observed in this work, as bare and PMMA-coated devices exhibit the same level of photosensitivity. The excellent photoelectric properties and good environmental stability have great potential advantages for a variety of applications, such as optical imaging and digital displays [6,24].

The imaging performance of flexible PDs arrays under light irradiation has great practical application value in large-scale photoelectric imaging system. In fact, it is very important to verify the uniformity of light response performance of all pixels under homogeneous illumination. To verify the feasibility of a PDs arrays for device integration, the uniformity of optical response performance of all 10×10 pixels devices was investigated. The PDs arrays were illuminated with (e-f) Light intensity distribution imaging results of "P","H", and "K" under blue (450 nm), green (532 nm), and red (808 nm) light, respectively. homogenous white light (0.01 mW cm -2 ), and the dark current or photocurrent of each pixel device was recorded separately. To facilitate comparison, the photoresponse results were summarized in a 2D comparison maps, with different colors representing different current levels, as shown in Figure S10a and S10b. Obviously, all the detectors in the optical sensor work normally. After thorough analysis, it was found that most pixels had dark currents in the hundreds of picoamperes (pA) and photocurrents in the tens of nanoamps (nA) at a bias voltage of 2 V, indicating relatively good uniformity. The average dark current and photocurrent were ≈ 0.44 nA and ≈ 10.1 nA, respectively (Figure S10c andS10d). It is worth noting that despite the device's pixel-to-pixel performance variance, the dark current and photocurrent tendency to deviate from the mean was nearly the same for each pixel device. This phenomenon was probably caused by the fluctuation of the thickness of the perovskite film in the PDs arrays.

In addition, the application of the device in light trajectory tracking and visible light imaging was also explored. As shown in Figure 6a, by placing a pre-designed shadow mask between the light source and the PDs, the device was independently illuminated with moving points of light along the pre-designed route from pixel #1 to pixel #6. At the same time, the photocurrent of the 6b). It is easy to observe that the current of the illuminated pixel increases sharply while the other pixel remains constant, indicating no crosstalk between the neighboring pixels (Figure 6c). Experimental results show that PDs arrays can accurately record the trajectory of light spots. In addition, the imaging recognition capability of a 10 × 10 addressable PDs arrays for a simple character was investigated. Figure 6d shows a schematic diagram of the measurement setup. A laboratory-made metal mask made of various hollow letters was placed between the homogenous illumination source and the PDs arrays. Only light passing through the hollow region of the mask can be projected onto the pixels, while the rest of the pixels were in a dark state without illumination. The channel current of each pixel was measured and then incorporated into a 2D contrast current map. As shown in Figure 6e, 6f and 6g, the letters "P", "H" and "K" were clearly identified in the mapping results under illumination of 450 nm, 532 nm and 808 nm. Under the given illumination conditions, only the light-projected pixel shows a large photocurrent, while the other pixels show a weak channel current. Therefore, characters with different letters can be uniquely identified in the comparison image, which means the perovskite PDs arrays have preliminary visual imaging capabilities. Furthermore, the spatial resolution can be optimized by further reducing the size of the pixel unit. Therefore, the perovskitebased modal visible image sensor developed by this technique is expected to have important applications, such as artificial electronic eyes.

Conclusions

In summary, we have demonstrated an improved bottom-up method to fabricate large-area flexible PDs arrays based on quasi-2D (PMA)2FAPb2I7 film perovskite for optical sensing and imaging. Using the developed SiO2-assisted hydrophilic and hydrophobic surface treatment technology and by introducing Au_NPs assisted by FACl-recrystallization process, we reduced film defects and grain boundaries and improved the crystallinity of perovskite films. In this way, large-scale patterned perovskite films with excellent crystallinity were fabricated on the flexible substrates intended for application in 2D PDs. The flexible PDs arrays showed excellent optoelectronic properties with a high sensitivity of 4.7 A W -1 , a detectivity of 6.3 × 10 12 Jones, an on/off current ratio of 5 × 10 3 , and a broad spectral sensitivity. More importantly, the devices exhibit excellent electrical stability and flexural strength even under severe bending, as well as excellent operational stability with slightly degraded photosensitivity after 40 days of ambient storage (room temperature, 35-40% humidity). Furthermore, the integrated flexible 10×10 PDs arrays were used as the sensor pixels of the imaging system to obtain high-resolution imaging patterns, proving the imaging capability of the PD array and the widespread potential of light sensing for multifunctionality and competitiveness in optical imaging and digital displays in the future.

Experimental Section 4.1 Materials

Lead iodide (PbI2, 99.99%) were purchased from TCI. Phenylmethylamine iodide (PMAI, 99.5%), Formamidine iodide (FAI, 99.5%), FACl (99.5%) were purchased from Greatcell. N,N-Dimethylformamide (DMF, anhydrous, 99.8%), Dimethyl Sulfoxide (DMSO, GC, 99.9%), isopropanol (C3H8O, AR, 99%), Chlorobenzene (C6H5Cl, AR, 99%), Hexane (C6H14 , AR, 97%) and (octadecyl) trichlorosilane (C18H37SiCl3, 95%,5-10% branched isomers) were purchased from Alfa Aesar. Poly(methyl methacrylate) (PMMA, Macklin) were purchased from Xi'an Polymer Light Technology Corp. The PET substrate was obtained from Libra new energy technology Co., Ltd. All chemical materials and reagents were used without any further purification.

Device Fabrication

First, the PET flexible substrates were ultrasonically cleaned with deionized water, ethanol, acetone, isopropanol, and ethanol for 20 min each. After 20 min UV-ozone treatment, the electrodes were prepared by UV photolithography followed by a lift-off process. Cr/Au electrodes with a thickness of 10 nm/100 nm were prepared by radio frequency (RF) magnetron sputtering.

Then a layer of 20 nm SiO2 film was deposition by RF magnetron sputtering, which could be used as an auxiliary layer for surface hydrophobicity treatment. Third, the surface of the SiO2 film was treated with a 300:1 mixed solution of hexane and (octadecyl) trichlorosilane (OTS) for 20 min to render the entire surface hydrophobic [6], and then washed with acetone to remove the photoresist and expose array hydrophilic region covering the photoresist. After treatment, the substrate surface was hydrophilic in certain array regions and hydrophobic in other regions, which is beneficial for the fabrication of perovskite arrays. Subsequently, perovskite arrays were synthesized by solution spin-coating. The precursor solution mixed with 276.6 mg PbI2, 141mg PMAI and 51.6 mg FAI in DMF and DMSO was spin-coated onto the prepared substrate at 3000 rpm for 30 s and annealed at 100 ℃ for 15 s. After annealing for 15 s, Au nanoparticles were immediately sputtered for 20 s, and then annealed for 20 min. After annealing, FACl solution (8mg mL -1 in isopropanol) was spincoated at 3000 rpm for 10 s and annealed at 100 ℃ for 10 min. Finally, an encapsulation layer was prepared by spin-coating with a PMMA solution (20 mg mL -1 in chlorobenzene).

Characterizations of films and devices

The structure of the organometal lead perovskite films was characterized by a PANanalytical X-Pert high-resolution X-ray diffractometer (XRD) operated at 40 kV and 45 mA and using the CuKα radiation with λ= 1.5406 Å. The morphology of perovskite thin films was measured using a field-emission SEM equipment (Zeiss Supra 40) in the in-lens mode. GD-OES analysis was performed with a HORIBA Jobin Yvon GD Profiler 2 device. The instrument was equipped with a RF generator (13.56 MHz), a standard HORIBA Jobin Yvon glow discharge source, cylindrical anodes with an internal diameter of 4 mm and two optical spectrometers (one polychromatic and one monochromatic) for fast optical detection. The argon plasma was generated at an argon pressure of 420 Pa and an applied power of 17 W. The perovskite film was attached to an O-ring on one side of the plasma chamber that acts as the cathode. The perovskite film area analyzed was a 4 mm diameter disk. GIWAXS measurements were made using a microfocus X-ray source (IμS, Incoatec, Germany) producing Cu Kα radiation (λ=1.54 Å). GIWAXS patterns were recorded with a 2D X ray detector (Pilatus 100 K, Dectris, Switzerland) with an exposure time of 10 s. The incidence angle was set to 2° and the distance between sample and detector to 73 mm. Au nanoparticles were sputtered by an ion sputtering coater (10W, 20 s). The I-V and I-T performance of the PDs were tested using the Keithley 2410 digital sourcemeter. The laser diodes were used as light source for the PDs measurement. The light power intensity of incident irradiation was tuned and obtained by an optical powermeter.

Statistical Analysis

We have no preprocessing data and use Origin for all data analysis and processing. The sample size (n) for the light imaging device is five. Since the light imaging device has a high reproducibility, we found no difference in the results we obtained.
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Quasi-2D (PMA)2FAPb2I7 halide perovskite films have been prepared using Au nanoparticles to reduce film defects and improve crystallinity, and FACl to operate an efficient recrystallization that reduce recombination and promote stencil-like growth of vertically aligned quantum-well structures. The films have been successfully integrated into flexible photodetector arrays with large scale that can be used as an effective visible light image sensor with good spatial resolution.
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 S1 Figure S1. Finally, the device was spin-coated with a layer of PMMA as a protective layer.

Figure 1 .

 1 Figure 1. Schematic diagram of the fabrication process of the flexible PDs arrays.

Figure 2 .

 2 Figure 2. Schematic device structure and characterization. (a) Schematic illustration of the flexible perovskite PDs. (b) optical image of 10×10 pixelated flexible PDs arrays. (c) SEM image of of Au electrodes. The inset is enlarged SEM image of a single Au fork electrode channel (the spacing is 10 μm). (d) SEM images of patterned perovskite arrays and magnified SEM images of the film surface and cross-section. (e) and (f) XRD and absorption spectra of pure perovskite (Ref), Au nanoparticles, and Au nanoparticles+FACl films.

Figure 3 .

 3 Figure 3. GD-OES distribution curves of the main elements in perovskite layer. (a) Ref, and (b) Ref+Au NPs films. GIWAXS patterns of (c) the Ref and (d) Ref+Au NPs films.
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where

  photoresponsity (R) of the Ref-PDs, Ref-Au_PDs-PDs, and Ref-Au_NPs-FACl-PDs under different monochromatic light illuminations (a light intensity of 0.27 μW cm -2 at voltage bias of 2V). R can be expressed as[48] 

Figure 4 .

 4 Figure 4. Device structure and photodetection performance. (a) schematic diagram of the device. (b) I-V curves of the (PMA)2FAPb2I7-Au nanoparticles -FACl PDs under dark and different monochromatic light illuminations(11.52 mW cm -2 ). (c) Responsivity of the Ref, Ref+Au NPs, and Ref+Au NPs+FACl PDs under different monochromatic light illuminations with a light intensity of 0.27 μW cm -2 at 2 V bias. (d). The photocurrent as a function of light intensities at 450 nm illumination and a bias of 2 V. (e) I-T curves of the device at 2 V under 11.52 mW cm -2 illumination power density of 450 nm light. (f) Responsivity and detectivity as a function of the light intensity for Ref, Ref+Au NPs, and Ref+Au NPs+FACl PDs under 450 nm illumination at a bias of 2 V.

  the PDs. The R and D* values of Ref-PDs, Ref-Au_NPs-PDs and Ref-Au_NPs-FACl-PDs measured as a function of incident light intensity at 405 nm and a 2 V bias are shown in Figure 4f. With decreasing of light intensity, the values of R and D* increased significantly. The R and D* value decrease with increasing light intensity, which can beattributed to the decrease of the photoinduced carrier lifetime or saturation of the trap states under the higher flux during the Auger Please cite this paper as : T. Wang, D. Zheng, K. Vegso, N. Mrkyvkova, P. Siffalovic, T. Pauporté, High-Resolution and Stable Ruddlesden-Popper Quasi-2D Perovskite Flexible Photodetectors Arrays for Potential Application as Optical Image Sensor. Adv. Funct. Mater. (2023) 2304659. https://doi.org/10.1002/adfm.202304659 process [52]. The R and D* values of Ref-Au_NPs-FACl-PDs were improved compared with those of Ref-PDs and Ref-Au_NPs-PDs. At an optical power density was 0.27 μW cm -2 , the R and D* values of the Ref-Au_NPs-FACl-PDs were 4.69 A W -1 and 6.3 × 10 12 Jones, respectively, which were three times than those of the Ref-PDs. The performance of PDs based on different published perovskite structures is in Table

Figure 5

 5 Figure 5 Bending tolerance and air stability of devices. (a) The photographs of the device under different bending states. (b) Repeatable on-off photoresponse to 450 nm light under different bending strains at a bias voltage of 2 V. (c) Bending tolerance test of the device. Inset is the corresponding photograph of the device under 50˚ bending. (d) I-T curves of the modified device at a bias voltage of 2 V and an illumination of 11.52 mW cm - 2 . (e) The responsivity evolution of the device over time at in ambition condition without encapsulation.

Figure 6

 6 Figure 6 Demonstration of the flexible PDs arrays imaging capacity. (a) Schematic illustration of the light spot moving process. (b) The corresponding trajectory (from pixel #1 to #6). (c) the change of terminal voltage when the light spot went through the corresponding pixel. (d) Schematic illustration of the flexible PD arrays to detect multipoint light distribution. (e-f) Light intensity distribution imaging results of "P","H", and "K" under blue
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