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Abstract The relatively large bandgaps of the 

methylammonium lead halide perovskites are the major 

obstacle to achieving broadband response in the lead-based 

perovskite photodetectors. Partial or total substitution of 

lead with tin leads to smaller bandgaps for perovskite 

materials. Here, we investigated the application of a mixed 

tin-lead perovskite material, (FASnI3)0.6(MAPbI3)0.4, with 

small bandgap of 1.24 eV as the absorber material in a 

perovskite photodetector. The device simulation is 

performed by using SCAPS simulation software. The 
effect of different parameters such as absorber layer quality 

and thickness, interface defects, doping concentration and 

carrier mobility on the performance of the device is 

studied. The simulation results clarify that the parameters 

optimization can result in achieving a self-powered 

photodetector with broad spectral response from 300 to 

1050 nm wavelength, a high responsivity of 0.6 A W-1 at 

930 nm, almost flat detectivity of over 1013 Jones and a 

wide linear dynamic range. We believe this study can 

provide theoretical guidance for the design of highly 

sensitive, broadband, mixed tin-lead perovskite 
photodetectors.  
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1. INTRODUCTION  

Photodetectors (PDs) have been widely used for a variety of industrial and 

scientific applications, including optical communications, environmental 

monitoring, day- and night-time surveillance and chemical/biological sensing [1–

3]. The high-performance commercial PDs, which are mostly based on III-V 

compounds or silicon (Si), normally suffer from relatively low response, high 

driving voltage, limited spectral response, and expensive fabrication [4,5]. 

Therefore, it is necessary to develop PDs based on new materials and design. In 

the past few years, PDs based on organic semiconductors, pocessing wide spectral 

response range and high sensitivity, have been developed [6,7]. Recently, 

extensive research on solution-processed perovskite photodetectors (PPDs) have 

been conducted due to the outstanding optical and electrical properties of 

perovskites, such as large absorption coefficient, adjustable bandgaps (Eg), low 

defects, high mobility, long charge carrier diffusion length, and long charge 

carrier lifetime [8–15]. Among them, the methylammonium lead halide 

(MAPbX3, X is Cl, Br, I) based PPDs show excellent photoelectric detection 

ability [16,17].  Fang et al. reported a visible PPD which can detect the light as 

low as sub-picowatt per square centimeter [18]. Deng et al. fabricated a PPD based 

on MAPbI3 microwires which shows a responsivity of 13.5 A W-1 [19]. A 

phototransistor showing responsivity around 320 A W−1 was developed by Li et 

al. [20]. Although these PPDs exhibit great characteristics such as high sensitivity, 

fast response speed, and long linear dynamic range (LDR), their spectral response 

range is limited to the ultraviolet (UV) and visible range. This behaviour is the 

result of the relatively large Eg (>1.55 eV) of the lead-based perovskite materials. 

Moreover, the toxicity of Pb makes the applications of the lead-based PPDs 

limited.  

Integration of polymers and quantum dots into the PPD has been reported as a 

practical strategy to extend the spectral response range of the PPD to the near-

infrared (NIR) region [21,22]. However, the reported external quantum efficiency 

(EQE) values in NIR region are still relatively low. A proper alternative to these 
strategies for the extension of the spectral response range to the NIR region is the 

application of Low-bandgap perovskite materials in the PPD [23]. The research 

show that the Eg of the perovskite materials can be reduced by the partial or 
complete substitution of lead by tin (Sn) [24,25]. Lead-free PPDs demonstrate 

broader spectral response range compared to the lead-based PPDs, but they 

usually have relatively low responsivity and gain. In 2016, Zhao and co-workers 

showed that the Eg of mixed Sn-Pb perovskite CH3NH3(PbxSn1-x)I3 ] is 
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tunable from 1.2 to 2.4 eV by adjusting the molar ratio of Sn to Pb [26]. This 
implies that one can extend the absorption edge of mixed Sn-Pb perovskites to the 

NIR region. Therefore, the mixed Sn-Pb perovskites are suitable candidates as the 

absorber material for fabrication of broad-band PPDs. Nevertheless, the stability 
of mixed Sn-Pb perovskites are deteriorated significantly by the oxidation of Sn2+. 

Different strategies have been reported to suppress Sn2+ oxidation such as partial 

substitution of MA cation with FA (FA = formamidinium) cation or using tin 

fluoride (SnF2) additives [27,28]. In spite of the great potential of low-bandgap 
tin-lead perovskites in obtaining sensitive broadband PPDs, the experimental 

reports on the application of low bandgap tin-lead perovskites in the PPDs are 

rare. In 2017, Xu et al. reported low-bandgap MA0.5FA0.5Pb0.5Sn0.5I3 based PPDs 
with broadband response range from UV to the NIR [29]. In the same year, Wang 

et al. demonstrated highly sensitive PPD based on tin-lead, exhibiting a broadband 

response from 300-1000 nm [30]. Zhao et al. demonstrated a Sn-Pb PPD with 
double sided passivation structure which contribute an EQE close to 80% from 

300 to 1050 nm [23]. Moreover, the investigation of the materials and the device 

properties, and the relationship between the structure parameters and the PD 

performance in a mixed tin-lead PPD are rather scarce. Device simulation clarifies 
the relationship between the materials properties and the device performance. To 

the best of our knowledge, there has been no report on simulation of PPDs based 

on tin-lead perovskite materials. In this paper, we report on the simulation of a 
(FASnI3)0.6(MAPbI3)0.4 PPD using 1D-solar cell capacitance simulator (SCAPS, 

ver.3.3.09). We investigated the effects of different parameters, such as the 

absorber thickness, the defect density in the absorber, the interface defect density, 

doping condition and carrier mobilities on the performance of the PPD. Giving a 
deep insight, we believe the simulation results in this paper will give a beneficial 

guideline for designing highly sensitive self-powered broadband PPDs. 

2. 2. DEVICE SIMULATION PARAMETERS 

One dimensional SCAPS-1D device simulation software version 3.3.09, 

developed by Department of Electronics and Information systems (ELIS) of 

University of Gent of Belgium, was utilized [31]. The inverted structure of the 

(FASnI3)0.6(MAPbI3)0.4 PPD investigated here is composed of ITO/hole transport 

material (HTM)/(FASnI3)0.6(MAPbI3)0.4/electron transport material (ETM)/Ag 

[32]. (FASnI3)0.6(MAPbI3)0.4 is the absorber material, and the PPD has P-type 

poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT: PSS) as 

organic HTM and n-type fullerene (C60) as organic ETM. 

The various physical properties of the materials used in this work have been 

described in Table I. Table II shows the detailed information on the physical 
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properties of interfaces and defect density. The values reported in Table I and 

Table II are used for the simulation in this work. The electron surface 

recombination velocity is kept at 105 cm s−1 for the back end and 107 cm s−1 for 

the front end. The Eg of perovskite active material is 1.24 eV [32]. In the 

simulation, pre-factor Aα is assumed to be 1 × 105 to obtain absorption coefficient 

(α) curve calculated by α¼Aα(hʋ-Eg)
1/2, where the hʋ is the photon energy [33]. 

The optical reflectance at the surface and interfaces of each layer is ignored in this 

simulation. A series resistance is assumed to be 2.7 Ω cm2. Et in Table II is located 

at the center of Eg and distributed in Gaussian with characteristic energy of 0.1 

eV, where the defect type is neutral. All the simulations are performed under 

AM1.5G (100 mW cm-2) illumination unless clearly quoted. 

To validate the simulation parameters taken in our study, we have firstly 

regenerated the experimental results published by Chongwen Li et al., in which a 

solar cell with a similar structure to the structure in this report is fabricated [32]. 
Figure. S1 in supplementary material (SI), shows the experimental J-V 

characteristics of the (FASnI3)0.6(MAPbI3)0.4 perovskite solar cell in [32], together 

with the simulated data. The simulated results show a close match to the 

experimental results which confirms the validation of the parameters used in the 
simulation. 

 
Table 1: Properties of HTM, absorber and ETM, used in the simulation of the PPD. 

 PEDOT: PSS (FASnI3)0.6(MAPbI3)0.4 C60 

Thickness (nm) 30[30] 620[32] 20[32] 

Eg (eV) 1.6 [34] 1.24[32]  1.9 [35] 

Electron affinity (Xa) (eV) 3.6[36] 4.15 [37] 4.2 [38] 

Relative permittivity 3 [34] 4 [33] 4.2 [38] 

Effective conduction band 
density (Nc) (cm-3) 

1×10²² [34] 1×10¹⁹ [39] 1×1020 [38] 

Effective valance band 

density (Nv) (cm-3) 
1×10²²[34] 2×10¹⁸[39] 1×1020 [38] 

Electron mobility (µn) (cm² 

V-1 s-1) 
4.5×10-4[34] 1[32] 0.01 [38] 

Hole mobility (µp) (cm² V-1 

s-1) 
9.9×10-5 [34] 3.5[32] 0.01 [38] 

Donor concentration (ND) 

(cm-3) 
_ _ 

2.6×10¹⁸ 
[40] 

Acceptor concentration (NA) 

(cm-3) 
2×10¹⁸ [34] 4.7×10¹⁵ [32] _ 

 

Table 2: The information on the physical properties of interfaces and defect densities 

used in the simulation. 
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 PEDOT: 

PSS 

(FASnI3)0.6 

(MAPbI3)0.4 

C60[41] HTM/ 

Absorber 

Absorber

/ETM 

defect type Neutral Neutral Single 

Acceptor 

Neutral Neutral 

capture cross 

section for 
electrons (cm²) 

1×10-15 1×10-15 1×10-15 1×10-19 1×10-19 

capture cross 

section for holes 

(cm²) 

1×10-15 1×10-15 1×10-15 1×10-19 1×10-19 

energetic 

distribution 

Single Single Gaussian Single Single 

reference for 

defect energy 

level (Et) 

above EV above EV above EV above EV above EV 

energy level with 

respect to 

Reference (eV) 

0.6 0.6 0.6 0.6 0.6 

Defect density 

(Nt) (cm-3) 

1×1014[42] 3×1014 [43] 1×1014 5.5×109 1×10¹⁰ 

 

3. RESULTS AND DISCUSSION 

A. Effect of Carrier Diffusion Length and Absorber Thickness  

In a PPD, photo-generated charge carriers are created in the perovskite 

absorber. Diffusion process takes place in the bulk region of the absorber due to 

the concentration gradient. Then, on both sides of the absorber, at HTM/absorber 

and absorber/ETM interfaces, the charge carriers are separated and move in 

different directions under electric field. Therefore, both the absorber quality, i.e., 

carrier diffusion length for electron (Ln) and hole (Lp), and absorber layer 

thickness are limiting parameters for the PD performance. 

Carrier diffusion length is defined as [44] 

𝐿 = √𝐷 × 𝜏                             (1) 

D and τ are diffusion coefficient and carrier life time and are represented by 

equations 2 and 3, respectively. 

𝐷 =
𝜇𝐾𝐵𝑇

𝑞
                               (2) 

𝜏𝑛𝑝 =
1

𝜎𝑛𝑝.𝜗𝑡ℎ.𝑁𝑡
                             (3) 

where T is the temperature in Kelvin, KB is the Boltzmann constant, and q 

represents the magnitude of charge. ϑth and σn,p denote the thermal velocity and 
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capture cross section of electron and hole, whereas Nt represents the defect 

density. 

The equations 1-3 show that in a constant temperature, the diffusion length of 

electrons and holes are affected by the defect density in the absorber layer. Figure. 

1a shows the short circuit current density (Jsc) as a function of Ln in the absorber 

layer. Ln was changed from 0.16 to 16 μm by changing Nt from 1 × 1016 to 1 × 

1012 (cm-3). The strong impact of the Ln on Jsc is observed when Ln is less than 2 

μm which is corresponding to the defect densities greater than 1 × 1014 (cm-3) in 

the absorber layer. For Ln greater than 2 μm, Jsc is almost unaffected by Ln and 

saturates to 31 mA/cm2. The device simulation indicates that the experimentally 

reported value of Ln ~ 1 μm [45] is not long enough to guarantee an excellent 

carrier collection. Decreasing the defect density in the absorber layer leads to an 

increase in the Ln and thereby better carrier collection in the absorber layer. 

Moreover, if the carrier collection is excellent, the increase of the absorber 

thickness for the complete absorption of incident illumination will be beneficial 

for further improvement of the PPD performance. It is worth mentioning that 

since the PPD has inverted structure in this study, and the Lp is usually large 

enough, the Lp is not considered as a limiting parameter on the performance of the 

(FASnI3)0.6(MAPbI3)0.4 PPD. The corresponding Lps for different defect densities 

in the absorber layer are reported in the inset of Figure. 1a. 

Figure. 1b shows the variation of Jsc with the absorber thickness for different 

electron diffusion lengths in the (FASnI3)0.6(MAPbI3)0.4 perovskite. Here, the 

absorber thickness was varied from 100 nm to 1000 nm. When a thin absorber 

layer of 100 nm is used, the photo-generated current density is as low as 21 

mA/cm2 for all electron diffusion lengths. When the absorber quality is high (Ln 

> 1.6 μm), Jsc increases with increasing the absorber layer thickness, and reaches 

a saturation at value of around 31.2 mA/cm2. This can be attributed to the much 

photon absorption and thereby much carrier generation in a thicker absorber layer. 

If the quality of the absorber layer is not good enough (Ln < 1.6 μm), the 

recombination in the absorber layer becomes dominant as shown in Figure. 1c and 

the reciprocal relation between photon absorption and carrier collection in the 

absorber layer is much obvious. The Jsc first increases and then decreases by 

increasing the absorber thickness when Ln is smaller than 1.6 μm (Figure. 1b). 

Hence, the optimum thickness of the absorber layer for generating the highest 

amount of Jsc is different for different absorber layer qualities, i.e., different Ln. 

Figure. 1d. shows the variation of the optimum thickness of the absorber layer 

with the Ln in the absorber layer. When Ln is around 1.6 μm, the optimum 

thickness of the absorber layer for attaining the maximum achievable Jsc is around 
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500 nm, while the value of the optimum thickness reduces to around 400 nm and 

300 nm when Ln is 500 nm and 160 nm, respectively. The simulation results show 

that the desirable thickness is determined by both the absorption efficiency and 

the absorber quality. If the carrier collection is excellent (large Ln), the increase 

of the absorber thickness for the complete absorption of incident illumination will 

be beneficial for further improvement of the current density and thereby the 

responsivity of the PPD.  
 

 

Fig. 1. (a) Jsc as a function of Ln in the absorber layer. (b) Variation of Jsc with the absorber 

thickness, and (c) recombination current vs thickness of the absorber, for different Ln in 
the (FASnI3)0.6(MAPbI3)0.4 perovskite. (d) variation of the optimum thickness of the 

absorber layer with the Ln in the absorber layer. 

 

In order to clarify how the absorber layer thickness affect the responsivity and 

response range of the (FASnI3)0.6(MAPbI3)0.4 PPD, the plots of responsivity vs 

wavelength for the PPDs with absorber layers of different thicknesses are 

demonstrated in Figure. 2. The data reported in Figure. 2 are generated for an 

absorber layer with Ln ~ 1 μm. It is clear that the responsivity of the 
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(FASnI3)0.6(MAPbI3)0.4 PPD can be noticeably improved with the increase of the 

absorber layer thickness, especially in the long wavelength range. Nevertheless, 

increasing the absorber thickness over an optimum value of around 500 nm, leads 

to a decrease in the responsivity, especially in short wavelength range. This can 

be attributed to the higher recombination rate in thick absorber layers. These 

results imply that a relatively thick (FASnI3)0.6(MAPbI3)0.4 perovskite layer, as the 

absorber layer, in the PPD is needed in order to have a large responsivity in a 

broad wavelength range including the NIR region. 

 

 

Fig. 2. Responsivity vs wavelength for the (FASnI3)0.6(MAPbI3)0.4 PPDs with absorber 

layers of different thicknesses. 

 

B. Effect of Interface Defect 

The interface quality is another parameter affecting the performance of the 
(FASnI3)0.6(MAPbI3)0.4 PPD. The photo-generated charge carriers meet the 

defects and thereby recombine at the HTM/absorber interface or absorber/ETM 

interface on their way to the charge collectors in the device. Zhao et al. reported 
the presence of different kinds of defects such as defects of iodide anions at the 

interfaces of a tin-lead perovskite device [23]. They also stated that the massive 

PbI2 surplus at the interface between the bottom perovskite layer and the hole 

transport layer, had negative effects on crystal growth of the tin-lead perovskite 
and can easily lead to more defects [23]. Here, we investigated the 

(FASnI3)0.6(MAPbI3)0.4 PPD performance by changing the defect densities at the 

interfaces to reveal the trend of the significance of the interface quality. The defect 
densities of the HTM/absorber and the absorber/ETM interfaces were changed 
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from 1 × 107 to 1 × 1013 cm-3. Figure. 3a shows the Jsc variation by defect densities 
at the HTM/absorber and absorber/ETM interfaces for the (FASnI3)0.6(MAPbI3)0.4 

PPD. Figure. 3a indicates that the defect density at the HTM/absorber interface 

has a strong impact on the Jsc when the value of the defect density is more than 
1010 cm-3. On the other hand, the Jsc variation by the defect density at the 

absorber/ETM interface is negligible. These results imply that the interface 

quality at the HTM/absorber interface has more significant impact on the 

(FASnI3)0.6(MAPbI3)0.4 PPD performance than that at the absorber/ETM interface. 
This difference can be attributed to the inverted structure of the PPD. In a PPD 

with inverted structure, the illumination takes place from the HTM/absorber 

interface side. Since the absorption coefficient of the (FASnI3)0.6(MAPbI3)0.4 
absorber layer is high, the incident light is mostly absorbed near the 

HTM/absorber interface. Therefore, as it is shown in Figure. 3b, the generation 

rate of electron-hole pairs at HTM/absorber interface is much higher than the 
generation rate at the absorber/ETM interface. This implies that more counter 

carriers are available for recombination at the HTM/absorber interface defects 

compared to the absorber/ETM interface. Therefore, as it is demonstrated in 

Figure. 3c, variation of the defect density at the HTM/absorber interface has a 
more pronounced effect on the recombination current compared to the 

absorber/ETM interface. Figure. 3c shows the recombination current in the device 

at different interface defect densities for both HTM/absorber and absorber/ETM 
interfaces. For all interface defect densities, the recombination current caused by 

the defects at the HTM/absorber interface is much higher than the recombination 

current caused by the defects at the absorber/ETM interface. Moreover, the 

recombination current in the device increases drastically by the increase in 
HTM/absorber interface defect density in the range of 109-1013 cm-3, while a 

similar change in the absorber/ETM interface defect density does not change the 

recombination current significantly. The simulation results in this part show that 
the improvement of the interface quality, especially the HTM/absorber interface, 

leads to a high responsivity of over 0.55 A W-1 in the NIR region for the 

(FASnI3)0.6(MAPbI3)0.4 PPD. The plots of EQE, responsivity and detectivity of 
the (FASnI3)0.6(MAPbI3)0.4 PPD for different HTM/absorber interface defect 

densities are provided in Figure. S2. 
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Fig. 2. (a) The Jsc variation by the defect densities at the HTM/absorber and absorber/ETM 

interfaces for the (FASnI3)0.6(MAPbI3)0.4 PPD. (b) carrier generation rate profile in the 

(FASnI3)0.6(MAPbI3)0.4 PPD. (c) The recombination current in the (FASnI3)0.6(MAPbI3)0.4 

PPD as a function of interface defect densities. 

 

C. Effect of Doping Condition of the Absorber Layer 

Easy oxidation of Sn2+ to Sn4+ in the perovskites containing tin, facilitates the 

formation of tin vacancies in the perovskite material and acts as an acceptor 
dopant within the material [43]. Therefore, in the simulation of PPD based on 

(FASnI3)0.6(MAPbI3)0.4 perovskite, we considered an acceptor density (NA) in the 

range of 1013 to 1018 cm-3 inside the absorber layer. The results for the effect of 
NA on the Jsc of the (FASnI3)0.6(MAPbI3)0.4 PPD is shown in Figure. 4a. Jsc is 

almost constant when NA is small and decreases rapidly when NA exceeds 1015 

cm-3. The energy band diagrams and recombination rates of PPDs for different NA 

in the absorber are presented in Figure. 4b and Figure. 4c, respectively. When NA 
is higher than 1015 cm-3, the recombination rates both near the HTM/absorber 

interface and in the bulk are enhanced (Figure. 4c). Therefore, increased acceptor 

density in the absorber layer causes the suppression of hole and electron transfer 
from absorber to the HTM and the ETM layers, leading to a decrease in Jsc. Thus, 

the doping density is markedly effective on the properties of 

(FASnI3)0.6(MAPbI3)0.4 PPD. Different strategies have been suggested in the 
literature in order to decrease the oxidation of Sn2+ in tin-lead perovskites. Partial 

substitution of MA cation with FA cation or using SnF2 additives has been 

reported to suppress Sn2+ oxidation in the mixed Sn-Pb perovskites [30]. Adding 

Bromide (Br) to (FASnI3)0.6(MAPbI3)0.4 compound will also reduce hole density, 
thus reducing Sn2+oxidation [32]. SnF2 derivative coordinated with DMSO 

molecules such as a [SnF2(DMSO)]2 complex can also suppress the Sn2+ oxidation 

[46].  
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Figure 3. (a) Variation of Jsc as a function of NA in the (FASnI3)0.6(MAPbI3)0.4 perovskite 

layer. The (b) energy band diagrams, and (c) recombination rates of 

(FASnI3)0.6(MAPbI3)0.4 PPDs for different NA in the absorber 

 

D. Effect of Carrier Mobilities in the Absorber Layer 

The high responsivity of a PPD is resulted from different characteristics of the 

absorber layer such as direct band gap with high absorption coefficient, long 

carrier diffusion lengths as well as large and balanced electron and hole 

mobilities. Therefore, investigating the impact of carrier mobility on the PPD 

performance will be of great significance. In this section we demonstrate how 

carrier mobility, as a basic parameter, plays role in light detection by a 

(FASnI3)0.6(MAPbI3)0.4 PPD. Figure. 5a gives the Jsc curves as a function of the 

electron and hole mobilities in (FASnI3)0.6(MAPbI3)0.4 perovskite.  A large carrier 

mobility is definitely beneficial to the high current generation and thereby high 

responsivity of the PPD, but as it is demonstrated in Figure 5a, Jsc increases with 

the increase in electron mobility while it stays almost unchanged with the increase 

in the hole mobility. The difference in the trends of Jsc variation by electron and 

hole mobilities arises from the different path lengths for the electrons and holes 

in the absorber layer. As explained before, in an inverted structure, the incident 

light absorption and thereby the electron-hole pair generation mainly happens 

near the HTM/absorber interface (Figure. 3b). This implies that the electrons need 

to pass a longer path inside the absorber layer compared to the holes path before 

they reach the corresponding transport layers. When electron mobility increases, 

the recombination of the photo-generated carriers reduces considerably. This 

behavior is more obvious in the bulk of the perovskite layer and near the 

HTM/absorber interface and is demonstrated in the Figure. 5b which shows the 

recombination rate in the (FASnI3)0.6(MAPbI3)0.4 PPD for different electron 

mobilities. Electron mobility has a remarkable effect on the recombination rate in 

the perovskite layer while hole mobility does not change the recombination rate 

in the bulk of the absorber layer significantly. However, Figure. 5c shows that the 
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recombination rate near the absorber/ETM interface reduces by increasing the 

hole mobility in the absorber layer. Electrons with low mobility are difficult to 

transport in the perovskite layer and reach the ETM. They accumulate in the 

absorber layer and recombine with other carriers. Therefore, the electron mobility 

has a more significant effect on the current generation in the 

(FASnI3)0.6(MAPbI3)0.4 PPD compared to the hole mobility.  

Moreover, higher carrier mobility results in larger diffusion length (see equations 
2 & 3). According to the discussions in section effect of interface deffect, thicker 

absorber layers can be used in the PPD when the diffusion lengths are larger. 

Therefore, higher carrier mobility will let us to make PPDs with thicker 
(FASnI3)0.6(MAPbI3)0.4 perovskite layer and thereby have PPDs with broader 

response range. One can say that for having a broadband PPD with high EQE and 

responsivity in NIR region, high electron mobility inside the 

(FASnI3)0.6(MAPbI3)0.4 layer is essential. 
 

 
Fig. 4. (a) Jsc curve as a function of the electron and hole mobilities in 

(FASnI3)0.6(MAPbI3)0.4 perovskite. The recombination rate in the (FASnI3)0.6(MAPbI3)0.4 

PPD for different (b) electron mobilities, and (c) hole mobilities. 

 

E. The Performance of the Optimum (FASnI3)0.6(MAPbI3)0.4 PPD 

In this section, a mixed tin-lead PPD based on the optimum parameters discussed 

in the previous sections is simulated. Figure. 6a shows the simulated J–V curve 

of the self-powered PPD both in dark and under the illumination of AM 1.5G solar 

spectrum. The device shows a very low short circuit dark current (of the order of 
nA/cm2) while the short circuit current density under light illumination reaches a 

value as high as 32 mA/cm2. This ensures a high photosensitivity for the mixed 

tin-lead PPD [47]. The corresponding EQE, responsivity and detectivity of the 
simulated PPD are provided in Figure. 6b-6d. These parameters are the most 

important parameters for evaluating the efficiency of the PPD. Responsivity is 

severely linked to the EQE, which demonstrates the ability of the PPD to convert 

the incident photons into current in varied wavelengths. Both Figure 6b and 6c 
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show a broad spectral response range from UV to NIR for the 
(FASnI3)0.6(MAPbI3)0.4 PPD. The overall EQE is more than 80% and maintains 

average values in the NIR region. The high EQE in the NIR region can help the 

PPD to have higher responsivity in this part. The responsivity in the wavelengths 
between 750 nm and 990 nm is over 0.5 A W-1 and it reaches 0.6 A W-1 at 930 

nm. These results imply that the responsivity of a broadband mixed tin-lead PPD 

can be considerably higher than that of the conventional Si-based photodiodes. 

The calculated detectivity of the PPD, which demonstrated the ability of devices 
in detecting low intensity light, is plotted in Figure 6d. As can be seen, the 

optimized (FASnI3)0.6(MAPbI3)0.4 PPD exhibits almost flat detectivity of over 

1013 Jones in a broad spectral range from 350 to 1000 nm, suggesting the high 
performance of the simulated mixed tin-lead PPD. Notably, it is of great 

importance that this PPD can provide a detectivity in NIR region as high as the 

detectivity in visible spectrum. 
 

 
Figure 5.  (a) J–V curves of the optimized (FASnI3)0.6(MAPbI3)0.4 PPD simulated in dark 

and under AM 1.5G illumination. (b) EQE spectrum, (c) responsivity, and (D) detectivity 

of the optimized (FASnI3)0.6(MAPbI3)0.4 PPD. 

 

Another important figure of merit for a PPD is its LDR, which exhibits a region 

where the PPD current changes linearly with the incident light intensity. 
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Therefore, the light signal intensity can be precisely detected in this range. The 

simulated LDR for the (FASnI3)0.6(MAPbI3)0.4 PPD is calculated under varied 

light intensities of monochromatic light of 930 nm as shown in figure 7. 

Intriguingly, the optimized (FASnI3)0.6(MAPbI3)0.4 PPD shows a wide LDR 

extended to 10-8 W m-2, suggesting that the PPD has the capability to detect light 

with a large light intensity range. 

 

 
Figure 6. The linear dynamic range (LDR) of the optimized (FASnI3)0.6(MAPbI3)0.4 

PPD.  

4. CONCLUSION 

In this study, we demonstrated the high potential of the mixed tin-lead 

perovskite material as the absorber material in a broadband PD. A device 

simulation of PPD with the structure of 
ITO/PEDOT:PSS/(FASnI3)0.6(MAPbI3)0.4/C60/Ag has been done showing the 

impact of different parameters on the device performance. The simulation 

approach is based on the individual variation of device parameters to see its 

impact on the PPD performance and to gain a deep insight on the reason behind 
its influence. Simulation results show that the optimum thickness of the absorber 

layer is highly affected by the quality of this layer. In the case of high absorber 

layer quality (Ln > 1.6 µm), absorber layers thicker than 500 nm can be used in 
the (FASnI3)0.6(MAPbI3)0.4 PPD in order to satisfy the full absorption of the 

incident light.  We investigated the effect of the interface defects and realized that 

a high defect density at the HTM/absorber interface cause a more intense 
recombination rate in the (FASnI3)0.6(MAPbI3)0.4 PPD with inverted structure 

compared to the defects at the absorber/ETM interface. Another main issue in 

these PPDs is the doping concentration (NA). Our results show that 
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(FASnI3)0.6(MAPbI3)0.4 PPDs with lower NA have better performance. Therefore, 
the proper strategies need to be hired in the fabrication of the devices to suppress 

the formation of Sn4+ in the absorber layer. In addition, our simulation results 

show that the carrier mobilities in (FASnI3)0.6(MAPbI3)0.4 perovskite layer is large 
enough to provide a high Jsc in the PPD. When including all parameters 

optimization, the final (FASnI3)0.6(MAPbI3)0.4 PPD show a self-powered response 

in a broad spectral range from 300 to 1050 nm, a high responsivity of 0.6 A W-1 

at 930 nm, almost flat detectivity of over 1013 Jones and a wide LDR. The 
optimized (FASnI3)0.6(MAPbI3)0.4 PPD show much higher responsivity and 

detectivity compared to the experimental results reported for the mixed tin-lead 

PPDs [23,29,30], implying the higher potential of the mixed tin-lead perovskites 
as the absorber material in PPD. We believe that these results can provide 

important guidelines for designing self-powered, highly sensitive, broadband, 

mixed tin-lead PPDs which is desirable for practical applications. 
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