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Abstract: Metal halide perovskite, a promising semiconducting material, is suitable for new-

generation optoelectronic applications. Compared to organic-inorganic hybrid perovskites (OIHP), 

all inorganic CsPbX3 (X = Cl, Br, and I) show superior thermal and chemical stability. However, the 

fabrication process of CsPbX3 is conventionally involved with spin coating, while the CsPbBr3 

precursor dissolubility is very low compared to OIHP. Consequently, low materials utilization and 

poor uniformity for the large-scale area can be obtained, which limits the application of CsPbBr3 in 

producing quantum dots (QDs) perovskite film. In this work, we report a facile spray coating method 

to produce CsPbBr3 film on a pre-patterned Pt electrode for photodetector (PD) application. The 

spray-coated perovskite was suitable for photodiode outstanding properties such as a high 

responsivity of 60 A/W, high detectivity of 6× 10-13 J., the response time (rising and fall time) below 

17 ms were obtained at 1 V under 405 nm illumination. Results of this work show that the spray 

deposition technique will benefit further thin film-based perovskite optoelectronic devices. 

Keywords: Spray coating method, photodetectors, CsPbBr3 film. 

1. Introduction* 

Over the past several years, organic-inorganic hybrid perovskites (OIHPs) have emerged as an active 

material for thin-film optoelectronic applications such as solar cells, light emitting diode, photodetector, 

etc. [1-3]. These semiconductors have unique electro-photoluminescence properties, such as long carrier 
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diffusion length, high absorption coefficients, and low defect states. In photovoltaics, the power 

conversion efficiency of perovskite solar cells has been demonstrated to possibly reach over 24%, which 

is the largest among next-generation solar cells [4-8]. They also have the potential, in combination with 

traditional silicon batteries, to achieve an overall efficiency of over 28% [9-10]. Perovskite thin films 

have also been adopted as the luminescent layer in light-emitting diodes (LEDs). By controlling the film 

crystallization process and/or mixing halogen anionic in perovskite nanocrystals, the external quantum 

efficiency (EQE) can be improved to over 20%. However, the OIHPs suffer from problems related to 

poor water and thermal stability that limit their practical applications [11]. Compared to organic-

inorganic hybrid perovskites, all inorganic CsPbX3 (X = Cl, Br, and I) show superior thermal and 

chemical stability [12-16]. Currently, most CsPbX3 perovskite thin film fabrication studies focus on 

solution processing techniques; because they are simple, easy to implement at low temperatures, and 

large scale processability. One scalable deposition strategy of solution processing for depositing high-

quality perovskite thin films is spray coating which has been proven to be an effective technique for 

fabricating optoelectronic devices with multilayer stacks. Traditional commercial photodetector based 

on silicon single-crystal p-i-n junction with ultrafast response time (nanosecond scale) and ultralow dark 

current density (picoampere scale); however, due to its low absorbance coefficient and indirect bandgap, 

the light responsivity is limited at < 0.55A/W at the peak wavelength of 940 nm (near-infrared range) 

[17]. Thus, responsivity and detectivity levels of perovskite photodetectors have exceeded those of 

conventional photodetector technologies (e.g. silicon-based) under an applied bias (especially in UV-

Visible light) [18]. In a previous work [17], we successfully fabricated the perovskite CH3NH3PbI3 film 

employing a facile CNC-assisted spray coating method for solar cell application. Spray deposition at the 

optimal spray rate and substrate temperature produces a large-grain-size and void-free 

methylammonium lead iodide (MAPbI3) bilayer structure. When the films are incorporated into a solar 

cell device with a conductive carbon counter electrode, a maximum power conversion efficiency of 

10.58% was obtained [19-21]. 

In this work, we report a systematic approach to prepare uniform and crystalline CsPbBr3 perovskite 

thin films with complete surface coverage via one step hot spray coating process of CsBr and PbBr2 

precursors. The ratio between the two precursors was found to play a critical role in enhancing the 

photoluminescence efficiency of the deposited perovskite thin films. The resulting perovskite 

photodiode achieved a figure of merits for photodetector application. 

2. Experimental 

2.1. Samples Preparation 

Materials: All reagents were used without further purification. Lead bromide (PbBr2, 99.9% metal 

basis), cesium Bromide (CsBr, 99.9% metal basis), NN Dimethyl formamide (DMF, > 99%, analytical 

grade) were bought from Macklin Chemical. 

First, 0.25 mmol of CsBr and PbBr2 were mixed in DMF solvent at various mol ratios of 1/1.2; 1/1; 

1.2/1 with magnetic stirring until completely dissolved. 

Spray coating CsPbBr3 NCs film on Pt electrodes: The planar integrated Ti/Pt (50/200 nm) electrode 

is fabricated using standard photolithography to pattern the photoresist for subsequent metallization and 

lift-off. The electrode includes 40 fingers with the channel width and lengths of 20 μm and 1.60 mm, 

respectively. The total active area was 0.128 mm2.  

Prior to coating, pre-patterned Pt electrodes on SiO2/Si substrate were ultrasonically cleaned in 

acetone and ethanol for 10 min and dried in the oven at 100 °C for 30 min. The precursors were 
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introduced onto the pre-patterned Pt electrodes on SiO2/Si substrate via the air-brushed sprayer (spray 

type: 74510, Japan) at a substrate temperature of 220 °C in order to achieve uniformity perovskite films. 

The N2 gas pressure was fixed at ~ 103.43 Pa, and the spraying volume was controlled at 5 μL/min. 

Films were sprayed at nozzle heights fixed at 60 mm with a lateral moving speed between 1.0 cm/s, the 

scanning steps at 2 mm, and the spray angle between the nozzle with the basal is 75-80°. 

2.2. Analytical Methods 

The surface and cross-section morphologies of perovskite layers were analyzed using scanning 

electron microscopy (SEM, JEOL). The current–voltage (I-V) characteristics of the devices were 

obtained by applying a potential external bias to the devices and measuring the generated photocurrent 

with a Keithley model 4200 digital source meter (Keithley, USA) under illumination from a 405 nm 

laser coupled with a pulse generator. A 450 W monochromatic light source Xe arc and spectrometer 

(NanoLog, Horiba) measured excitation and fluorescence emission results at room temperature.  

3. Results and Discussion  

3.1 Physical Properties of Spray-coated CsPbBr3 Film 

The surface and cross-section morphologies of as-prepared CsPbBr3 film coated on 600 nm Fluoride 

doped Tin Oxide (FTO) substrate with CsBr/PbBr2 mol ratio of 1/1 were obtained via scanning electron 

microscopy (SEM) as shown in Fig. 1. Both surface and cross-section images showed dense packaging 

and compact, crack-free CsPbBr3 films. Additionally, the particles with an average size of 200 nm and 

an approximately 250 nm-thick film can be observed to adhere directly to the FTO substrate. 

 

Figure 1. Diagram of (a) spray-coated CsPbBr3 film procedure and (b-c) SEM images of spray-coated CsPbBr3 

films with CsBr/PbBr2 mol ratio of 1/1 on FTO substrate. 

Three perovskite samples with different molar ratios of CsBr and PbBr2 (1.2:0.8, 1:1, 0.8:1.2) were 

produced to investigate the characteristics of thin films further. X-ray diffraction (XRD) measurements 

were used to analyze the crystal structures of the prepared spray-deposited perovskite films, as shown 

in Fig. 2. All three samples exhibited a pure cubic phase (PDF# 54-0752) with diffraction peaks at 15.2°, 
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21.6°, 30.6°, 34.4°, and 38.0°, corresponding to the (101), (121), (202), (141), and (321) crystal planes, 

which can confirm the integrity of the perovskite structure. The lattice parameter is consistent with 

several previous reports. The characteristic peaks of CsBr and PbBr2 could not be observed, suggesting 

that the change in film stoichiometry has an insignificant effect on the crystal structure of the deposited 

films. The morphology of the CsPbBr3 perovskite films is investigated by conducting top-section and 

cross-section SEM, as shown in Fig. 1. 

 

Figure 2. XRD patterns of spray-coated CsPbBr3 films with different CsBr/PbBr2 mol ratios. 

  

Figure 3. The absorbance spectra of spray-coated CsPbBr3 films with different CsBr/PbBr2 mol ratios. 

The optical absorption of the as-prepared spray-coated CsPbBr3 samples was prepared to understand 

further the influence of CsBr/PbBr2 on the optical properties of CsPbBr3. The absorbance peak of 

samples slightly shifted from 515 nm to 519 and 521 nm, corresponding to 1.2/1, 1:1, and 1:1.2 

CsBr/PbBr2 mol feed ratio of precursors, respectively (Fig. 3).  

3.2 Photodetector Characteristics of Spray-Coated CsPbBr3 Film 

A 405 nm laser diode was employed as the light source to illuminate the photodetectors on the 

sample stage with a spot size of ~ 0.75 mm in radius to determine the photoresponse. The corresponding 

power intensity of light sources was measured at 0.1 mW/cm2. Under light illumination, photocurrent 

can be generated via a photoconductive effect, and a Keithley 4200 system can subsequently record the 

relationship between photocurrent and voltage. Regarding the response time measurement, the curve of 

https://aip.scitation.org/doi/10.1063/1.5144103
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photocurrent versus time was recorded as periodically turned on/off laser diodes, the pulse generator  

(1 Hz-1 MHz are used to power the laser light source). The response time can be evaluated by measuring 

the duration between 10% and 90% of the maximum photocurrent. 

Moreover, the area of the photodetector is essential, as it directly affects the device's performance. 

The active area can be defined as the area between two electrodes for the photodetectors with a lateral 

structure. In this work, the active area was to be calculated at 128 µm2. The structure diagram of the 

measuring system is described as shown in Fig. 4.  

 

Figure 4. Schematic diagram of Photodetector measurement. 

 

Figure 5. (a) Logarithmic I–V curves of photodetectors in the dark and under irradiation, (b) and (c) The 

response and recovery time analysis of the photodetectors at 1 V (405 nm@ 0.1 mW/cm2). 

Fig. 5a shows the current–voltage profile curves of samples fabricated by spraying with different 

CsBr/PbBr2 ratios. As shown in Fig. 5a, the on-off current ratios of the samples remain almost 
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unchanged with the bias sweep external voltage potential from - 4 to + 4 V. Fig. 5b shows the time-

sensitive line of samples at an external voltage of 1 V. Samples with CsBr/PbBr2 ~1/1.2 and 1/1 ratios 

had ~ 40 times, while CsBr/PbBr2 ~1.2/1 samples had only ~ 10 times. This is maybe because of the 

excess of Cs- ions, causing the formation of a small amount of insulating Cs4PbBr6 phase (could not be 

observed by XRD patterns) [22].  

Photoresponse features have been plotted to infer the rise time (τr: time taken for the photocurrent 

to rise from 10 to 90% of its amplitude) and decay time (τf: time taken for the photocurrent to drop from 

90 to 10% of its amplitude). Devices' rise and decay times were evaluated at about ~ 17 ms for all three 

samples. Typically, the speed of response of devices corresponds to the scale of the carrier lifetimes of 

the CsPbBr3 NCs film. Because of limitations of the apparatus employed to acquire the photocurrent 

during the transient measurements, these rise and fall times should not be regarded as the absolute 

response speed of our photodetectors, and hence the actual ton and toff are indeed shorter than 17 ms.  

 

Figure 6. Dependences of Responsivity and Specific detectivity on different CsBr/PbBr2 mol ratios. 

Table 1. Comparison of device performance of CsPbBr3 -based photodetectors 

Active 

Materials 

Wavelength 

(nm) 

Responsivity 

(A/W) 

Rise/fall 

(s) 

On/off 

ratio 

Detectivity 

(Jones) 
ref 

CsPbBr3 QDs  
0.40 mWcm−2 @ 

532 nm 
4.7x10-3 0.2/1.3 1.6x105 16.84x108 [14] 

CsPbBr3 micro-

particles 

1.01 mWcm−2 @ 

442 nm 
0.18 1.8/1 8x103 6.1x1010 [20] 

CsPbBr3 nanosheets  
0.35 mWcm−2 @ 

442 nm 
0.25 0.019/0.025 103 - [22] 

Single crystal 

CsPbBr3 

1 mW @ 450 

nm 
0.028 90.7/57 102 1.8x1011 [22] 

CsPbBr3 spray 

coating 

405 nm @ 

0.1 mW/cm2 
60 < 17 ms 102 3.6 ×1013 this work 

 

Two important parameters of the device, the responsivity (R) and Detectivity (D*), can be obtained 

from equation R = Iph/Plight [3] where Iph is the photocurrent, Plight is the light power intensity (0.1 mWcm-2). 

D = R/√2𝑞𝐼𝑑𝑎𝑟𝑘, where 𝐼𝑑𝑎𝑟𝑘 is dark current, q is the elementary charge (Coulomb). The highest values 

achieved for responsivity and specific detectivity were 60 A/W with the CsBr/PbBr2 mol ratio of 1.2/1; 

However, the detectivity of the sample (~3.610-3 Jones) is slightly lower than the sample with the 

CsBr/PbBr2 mol ratio of 1/1 (6.1 × 1013 Jones), when the devices were exposed to 405 nm laser LED 
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illumination with intensity at 0.1 mWcm−2. The analytical parameters of CsPbBr3-based photodetectors 

are summarized in Table 1. The superior performance obtained from photodetectors via spray-deposited 

perovskite NCs films might be attributed to the high intrinsic quality of the perovskite films (high-

quality compact films with no pinholes). 

4. Conclusion 

We successfully fabricated CsPbBr3 films on pre-patterned Pt/SiO2/Si substrate as a planar 

photodetector with metal/Semiconductor/metal structure via a one-step spray coating method with 

different CsBr/PbBr2 mol ratio of 1/1.2, 1/1, and 1/1.2. The compact, crack-free CsPbBr3 films with an 

average particle size of 200 nm and an approximately 250 nm-thick film can be observed to adhere 

directly to the pre-patterned Pt electrodes on SiO2/Si substrate. Consequently, the photodetector device 

performance shows several figures of merits, such as an on/off ratio of 102 times, responsivity of  

60 A.W-1, and Detectivity of 6.1×1013 Jones (by using 0.1 mWcm2 405 nm LED light source). The 

obtained results suggest that this technique is a potential method for fabricating high-quality all-

inorganic perovskite films for photodetector application. 
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