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Abstract. The absorbing layer thickness is a crucial parameter that significantly impacts the 

performance of perovskite solar cells (PSCs). In this study, we investigated the influence of 

the thickness of absorbing layer on the performance of silver-doped NaZnBr3 perovskite 

solar cells using the one-dimensional solar cell capacitance simulator (SCAPS-1D) 

software. The absorbing layer thickness was varied in the range of 0.1 to 1.3 µm. The initial 

solar cell after simulation gave an open-circuit voltage (Voc) of 1.174 V, short circuit 

current density (Jsc) of 14.012 mA/cm
2
, fill factor (FF) of 79.649%, and the power 

conversion efficiency (PCE) of 13.101%. For the optimized thickness of the perovskite 

layer of 1.0 µm, the following solar cell characteristics were obtained: Voc = 1.197 V, Jsc = 

18.184 mA·cm
–2

, FF = 79.110%, and PCE = 17.215%. A 31% and 30% increase of the 

PCE and Jsc, respectively, was observed for the optimized device parameters as compared 

to the initial ones. Such finding confirms the premise for excellent photon management and 

enhancement of PSCs performance by selecting the thickness of absorbing layer.  

Keywords: SCAPS 1-D, perovskite solar cells, absorbing layer, current density, power 

conversion efficiency. 
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1. Introduction 

Perovskite solar cells (PSCs) absorbing layers exhibit 

excellent properties such as high optical absorption 

capacity [1], easy synthesis route, high power conversion 

efficiency (PCE), low exciton binding energy, and long 

electron and hole diffusion lengths [2, 3]. Due to these 

advantages, PSCs attract great research interest in the 

photovoltaic (PV) sector. PCE of PSCs as high as 25.5% 

has been reported by some studies [4], indicating the 

prospects of PSCs and making them comparable to 

silicon-based solar cells. 

In PSCs, the perovskite material plays a significant 

role in photon absorption, photogeneration of charge 

carriers and injecting them into the device structure. The 

chemical structure of hybrid perovskites is AMX3, where 

A is an organic cation (methylammonium or formamidi-

nium), M is a metal, and X is a halide atom. Perovskite 

materials are ambipolar in nature, which allows them to 

conduct both electrons and holes simultaneously [5]. The 

photogenerated electrons and holes are collected by an 

electron transport material (ETM) and a hole transport 

material (HTM), respectively [6]. 

 

The best performance is demonstrated by PSCs 

made of lead-based perovskites of inorganic-organic 

hybrids. In 2018, the efficiency of 25.2% for a 

perovskite/silicon tandem cell was achieved by Sahli 

et al. [7]. However, lead-based PSCs are unstable and 

toxic.  Due to the toxic nature of lead, use of lead-based 

materials that can be ingested or absorbed by humans has 

been banned. Large-scale production of unstable lead-

based PSCs can induce health disasters, negative impacts 

on the environment and ecosystems and threaten both 

human and non-human lives [8]. Hence, it is paramount 

to find materials with comparable or superior properties 

compared with lead, which are at the same time non-

toxic and not prone to degradation in order to achieve 

clean energy systems. Over recent years, research has 

been geared towards lead-free perovskites with much 

emphasis on inorganic derivatives [9]. 

In PSCs, titania (TiO2) is the most commonly used 

electron transport material. However, its flexibility for 

commercialization is limited by its deposition technique, 

which requires high temperatures [10]. 

Zinc oxide (ZnO) has attracted attention as an 

alternative to TiO2 ETM for PSCs due to its unique  
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properties such as stability against photocorrosion, large 

exciton binding energy (60 eV), high electron mobility of 

115 to 155 cm
2
·V

–2
·s

–2
, and the same value of the band-

gap as that of TiO2. 

Aluminium (Al) impurity [11, 12] can be used to 

extrinsically dope ZnO in order to improve its electrical 

conductivity. The ionic radius of Al
3+

 (0.54 Å) is smaller 

than that of Zn
2+

 (0.74 Å). Therefore, a small amount of 

Al
3+

 substitutes Zn
2+

 in the lattice sites acting as a dopant 

and enhancing the conductivity of ZnO as ETM at the 

same time maintaining its excellent transparency in the 

visible light region [12]. Undoped ZnO as ETM in PSCs 

induces a relatively low PCE due to the reaction of 

organic cations (CH3NH3
+
) of the perovskite material 

with the ZnO ETM, which does not take place in the Al 

doped ZnO ETM [13]. 

The PSC performance greatly depends on the 

thickness of the absorbing layer as photoinduced charge 

carriers are generated there. The diffusion length of 

charge carriers is affected as the thickness of the 

absorbing layer has direct influence on the photovoltaic 

performance of the device. For too thick absorbing 

layers, the series resistance increases and the charge 

carriers have a high probability of recombining upon 

drifting to the charge transport layers. However, too thin 

absorbing layers will have poor photon absorption, which 

will lead to low photocurrent values and reduction in the 

overall device performance [14]. 

The charge collection efficiency, series resistance, 

fill factor, and generally PCE of PSCs depend on the 

perovskite layer thickness [15, 16]. Therefore, the 

appropriate thickness of the perovskite absorbing layer in 

PSCs devices should be determined. 

In this study, the influence of the thickness of 

absorbing layer on the photovoltaic parameters such as 

power conversion efficiency, fill factor (FF), short circuit 

current density (Jsc), and open-circuit voltage (Voc) were 

investigated using the SCAPS-1D software. The 

following device configuration was considered: 

glass/fluorine doped tin oxide (FTO)/aluminium doped 

zinc oxide (ZnO:Al)/sodium-zinc-tribromide (NaZnBr3)/ 

copper iodide (CuI)/gold (Ag). The simulations were 

done by varying the absorbing layer thickness from 0.1 to 

1.3 µm, while other device parameters presented in 

Tables 1 and 2 remained constant. 

2. Device modeling and simulation methods 

2.1. Simulation methodology 

As mentioned above, the latest-version of SCAPS-1D 

software (3.3.10, developed by Prof. Marc Burgelman 

and his co-workers from the Ghent University, Belgium) 

was used for the study. This software was earlier used for 

numerical simulations of similar PV devices [17–19]. It 

implements standard numerical methods to solve the dif-

ferential equations, which model photovoltaic response 

of any solar cell, similar to many other simulation 

softwares. The equations can be classified as follows: 

 

 

(i) Poisson equation 

This equation describes the behaviour of the 

electrical potential φ as a function of the distribution of 

various types of electrical charges inside the solar cell. In 

the equation, q is the electric charge, ε0 is the absolute 

dielectric constant, εr are the relative dielectric constants 

of each material layer, ND /NA is the donor/acceptor 

dopant concentration, ρp /ρn is the hole/electron charge 

density, and p(x)/n(x) is the hole/electron concentration 

as a function of the thickness x, respectively. The Poisson 

equation is thus defined as follows: 

 
    npAD

r

NNxnxp
q

dx

xd







0
2

2

.   (1) 

(ii) Continuity equations 

These equations establish the relations between the 

gradients of electron (Jn) and hole current density (Jp) 

and position-dependent generation (G) and 

recombination rate (R) of charge carriers. They can be 

written as follows: 

RG
dx

dJn  ,       (2) 

RG
dx

dJ p
 .       (3) 

(iii) Charge transport equations 

A PV cell is intrinsically a diode in nature. 

Therefore, the diode charge transport equations may be 

applied to it. These equations combine the total drift and 

diffusion current of electrons and holes. Here, μn /μp and 

Dn /Dp are the electron/hole mobility and diffusion 

coefficient, respectively. Hence, the diode charge 

transport equations can be written as follows: 

pn JJJ  ,       (4) 

dx

d
n

dx

dn
DJ nnn


 ,      (5) 

dx

d
n

dx

dp
DJ ppp


 .      (6) 

(iv) Absorption coefficient equation 

The other important parameter is the optical 

absorption coefficient α(λ), defined as the average 

penetration depth of a series of photons with the given 

wavelength λ permeating the semiconductor layers with 

the bandgap Eg before absorption. The SCAPS-1D 

software operates various models for estimating the 

absorption coefficient, which are applied to different 

semiconducting materials. The mostly addressed optical 

absorption coefficient model for perovskite solar cells is 

formulated as follows: 
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  gEh
h

B
A 










 ,     (7) 

where A and B are the arbitrary constants, h is the  

Planck constant, ν is the optical frequency of photons, 

and Eg is the band gap energy of the absorbing layer, 

respectively. 

2.2. Simulation parameters 

The semiconducting layer materials and their physical 

parameters used in the simulations are listed in Table 1. 

These parameters were carefully selected and have due 

reference. As the considered materials are disordered 

semiconductors in nature having defects in their bulk 

regions, the total photovoltaic response of the device may 

be hampered by the presence of these defects, especially 

in the photo-absorbing perovskite layer [20–23]. 

Therefore, a neutral defect density was introduced into 

the bulk region of each semiconducting layer. The defect 

parameters, including the ones of two defect interfaces, 

ZnO:Al/NaZnBr3 and NaZnBr3/CuI, inserted to induce 

carrier recombination are presented in Table 2. Finally, 

all the simulations were carried out by setting the work 

functions of the front and back contact to 4.4 and 5.1 eV, 

respectively [24], the room temperature environment 

(300 K), the standard illumination condition AM 1.5 

(1000 W/m
2
) and a scanning voltage ranging from  

0 to 1.5 V. 

3. Results and discussion 

3.1. Structure of the simulated PSC and the energy 

level diagram of the PSC device 

The modeled device alongside its energy band structure 

obtained by simulation is presented in Figs 1a and 1b. 

The interface offsets of the conduction and valence bands 

are favorable for flow of charge carriers through the 

interfaces thus reducing their recombination and 

quenching losses and resulting in enhanced device 

performance. 

The obtained interface conduction band offset 

(CBO) and valence band offset (VBO) at the 

ZnO:Al/NaZnBr3 interface are 0.34 and 1.97 eV, 

respectively, while the respective values at the 

NaZnBr3/CuI interface are 1.42 and 0.09 eV, as shown in 

Fig. 1b. 

The value of CBO blocks flow of electrons from the 

ETM to the perovskite absorbing layer and to the Au 

back contact for minimal recombination. The large VBO 

value prevents drift of holes from the Au-back contact to 

avoid its recombination with electrons in the perovskite 

absorbing layer. Such CBO and VBO values have an 

important effect on PSCs as they promote collection of 

charge carriers, which results in higher photovoltaic 

performance. The obtained results can form a basis for 

the studies of PV devices with ZnO:Al, NaZnBr3 and CuI 

layers. 

 

 

 
 

 

Fig. 1. (a) Structure of the simulated perovskite solar cell and 

(b) Energy band diagram of a ZnO:Al/NaZnBr3/CuI PSC 

device. 

 

3.2. Performance study of the initial device 

The simulated current density–voltage (J–V) 

characteristic of the initial device is shown in Fig. 2a. 

The values of 1.174 V, 14.012 mA/cm
2
, 79.649%, and 

13.101% were obtained for Voc, Jsc, FF, and PCE, 

respectively. Comparing these solar cell characteristics 

with the reported experimental values [27], appreciable 

values of Voc and PCE were obtained which are higher 

than those from the research work. Such values are 

expected due to the existence of point defects in the bulk 

of the absorbing layer as well as recombination centers at 

the interfaces between the charge transport layers and 

perovskite absorbing layer [29]. Also, doping the ETM to 

increase its conductivity and choice of different HTM 

contributes as well. Fig. 2b shows quantum efficiency 

(QE) and photon energy (PE) versus wavelength. 

Nonzero QE values correspond to the wavelength range 

of 300 to 900 nm. This range encompasses the visible 

spectral region, which satisfies the device requirements. 

The maximum QE value of 84% is obtained at the 

wavelength of 360 nm. Strong absorption in the visible 

region is a determining factor for the light absorption 

strength. The cut-off value is 750 nm, which corresponds 

to the band gap of 1.65 eV for NaZnBr3 as shown by the 

dependence of QE on PE in Fig. 2c. 
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3.3. Effect of absorbing layer thickness 

The quality and morphology of the absorbing layer play a 

vital role on the photovoltaic performance of PSCs. In 

this layer, photogeneration of charge carriers occurs. The 

performance parameters of PSCs are highly dependent on 

the absorption layer thickness. 

Collection of photoexcited charge carriers is 

inhibited when the carrier diffusion length is less than the 

thickness of the absorbing layer. This leads to the 

increase in the recombination rate of the device and also 

has a detrimental effect on the device performance  

[30–32]. 

 

In this study, the absorbing layer thickness was 

varied in the range of 0.1 to 1.3 µm, while the thick-

nesses of the charge transport layers were fixed. The J–V 

and the QE versus wavelength dependences for different 

absorbing layer thicknesses are shown in Figs. 3a and 3b, 

respectively. As can be seen from Fig. 3a, Jsc increases 

from 4.950 to 18.188 mA/cm
2
, increasing the absorbing 

layer thickness from 0.1 to 1.3 µm. This increase is attri-

buted to the enhancement of charge carriers photogenera-

tion and distribution within the absorbing layer [33, 34]. 

Fig. 3b shows the QE versus wavelength plots for 

different thicknesses of the absorbing layer in the 

wavelength range of 300 to 900 nm. As can be seen from  

 

 

Table 1. The physical and material parameters for active perovskite layers, a hole-transport layer, and an electron-transport layer 

are considered in the simulation by SCAPS 1-D. 

Parameters FTO [25] ZnO:Al [26] NaZnBr3 [27] CuI [28] 

Thickness (µm) 0.40 0.22 0.45 0.10 

Bandgap Eg (eV) 3.50 3.25 1.65 2.98 

Electron affinity χ (eV) 4.30 4.00 4.19 2.10 

Relative permittivity εr 9.00 9.00 5.80 6.50 

Effective conduction band density Nc (cm
−3

) 2.20·10
18

 2.00·10
18

 1.00·10
16

 2.80·10
19

 

Effective valance band density Nv (cm
−3

) 1.80·10
19

 1.80·10
19

 1.00·10
16

 1.00·10
19

 

Electron thermal velocity (cm/s)  1.00·10
7
 1.00·10

7
 1.00·10

7
 1.00·10

7
 

Hole thermal velocity (cm/s)  1.00·10
7
 1.00·10

7
 1.00·10

7
 1.00·10

7
 

Electron mobility μn (cm²/V·s)  2.00·10
1
 3.00·10

2
 2.00·10

1
 1.69·10

−4
 

Hole mobility μp (cm²/V·s)  1.00·10
1
 2.50·10

1
 2.00·10

1
 1.69·10

−4
 

Donor concentration ND (cm
−3

) 1.00·10
18

 7.25·10
18

 − − 

Acceptor concentration NA (cm
−3

) − − 1.00·10
19

 1.00·10
18

 
 

 

Table 2. Defect density values inside the layers and at interface of the device. 

Parameters ETM HTM NaZnBr3 NaZnBr3/ETM HTM/NaZnBr3 

Defect type  Neutral Neutral Neutral Neutral Neutral 

Capture cross section 

electrons (cm
2
)  

1.00·10
−15

 1.00·10
−15

 1.00·10
−15

 1.00·10
−15

 1.00·10
−18

 

Capture cross section 

holes (cm
2
)  

1.00·10
−15

 1.00·10
−15

 1.00·10
−15

 1.00·10
−15

 1.00·10
−16

 

Energetic distribution  Single Single Gaussian Single Single 

Energy level with respect 

to  v (above  v) (eV)  
0.6 0.65 0.6 0.60 0.60 

Characteristic energy (eV) 0.1 0.1 0.1 0.1 0.1 

Total density (integrated 

over all energies) (1/cm
3
)  

1.00·10
15

 1.00·10
14

 1.00·10
15

 1.00·10
11

 1.00·10
12
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Fig. 2. (a) J–V curve of PSC with the initial parameters, 

(b) quantum efficiency and photon energy of the simulated 

device versus wavelength and (c) quantum efficiency versus 

photon energy. 

 

 
this figure, QE rapidly increases first with the increment 

in the absorbing layer thickness from 0.1 to 0.4 µm and 

reaches steady state at the absorbing layer thicknesses of 

0.4 to 1.3 µm. This corresponds to the increment in Jsc in 

Fig. 3a related to the enhancement of photon absorption 

by the absorbing layer. 

The effects of the thickness of absorbing layer on 

the device photovoltaic parameters FF, PCE and Voc, Jsc 

are shown in Figs 3c and 3d, respectively. 

 

 

It can be seen from Fig. 3c that FF of the device 

rapidly increases from 78.828% to 79.610% increasing 

the absorbing layer thickness from 0.1 to 0.2 µm. A 

steady increase in the FF value to the maximum for the 

thicknesses of the absorbing layer between 0.2 to 0.3 µm 

is observed followed by its steady decrease beyond 

0.3 µm. This trend is attributed to resistive losses [31]. 

The increment of the resistance matches the increase in 

the absorbing layer thickness, which leads to the 

corresponding FF decrease [35, 36]. PCE of the device 

increases sharply from 4.950 to 8.279 mA/cm
2
 increasing 

the absorbing layer thickness from 0.1 to 0.2 µm. A 

slight increment in the thickness range of 0.2 to 0.4 µm is 

observed followed by a steady increase beyond 0.4 µm. 

This trend is solely due to Jsc, while the saturation of 

PCE is as a result of the saturation of both photo-

absorption and Jsc [35]. At the thickness of 1.0 µm, the 

PCE value saturates at 17.215%. The low efficiency at 

the thicknesses around 0.1-0.2 µm is due to partial light 

absorption and lower photogeneration. Hence, the 

optimum PCE value was determined at the absorbing 

layer thickness of 1.0 µm. Beyond this value, PCE 

remains quasi-constant. 

It can be seen from Fig. 3d that Voc increases with 

the increase in the thickness of the absorbing layer. This 

effect is attributed to the absorption of more photons with 

longer wavelengths [36]. It contributes to generation of 

excitons as well. In semiconductor theory, Voc can be 

obtained from Eq. (8), which explains the reliance of Voc 

on Jsc and dark saturation current J0. It is evident from 

Eq. (8) that J0 decreases with the increase in Voc, which 

can be expressed as follows [37]: 














 1ln

0J

J

q

kT
V sc

oc .      (8) 

Here, k is the Boltzmann constant, T is the 

temperature, and J0 is the saturation current density. 

It can be seen from the Jsc trend that increase in the 

absorbing layer thickness causes more photons to be 

absorbed in the device. Therefore, Jsc rapidly increases at 

the initial stage of increasing the absorbing layer 

thickness from 0.1 to 0.2 µm. A steep rise is observed 

from 0.2 to 0.3 µm followed by a steady increase. When 

the layer thickness is over 1 µm and Jsc = 18.184 mA/cm
2
, 

a quasi-constant increment is observed indicating the 

optimum value. At this, the absorbing layer thickness is 

sufficient to enable absorption of most of the incident 

photons as shown in Fig. 3d. The value of Jsc may be 

attributed to the reduction of back-contact recombination 

current density with the increase of the absorbing layer 

increases [38]. At ever thicker absorbing layers exceeding 

the charge carrier diffusion lengths, charge carriers gene-

rated close to the perovskite layer center will recombine. 

A quick and steady increment in Jsc observed at this is 

simply because of the energy gap of the absorbing layer 

is less than the incident photon energy [39]. 
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3.4. Study of the initial and optimized device 

performance 

The simulated initial and optimized J–V characteristics 

under illumination of the PSC device are shown in Fig. 4. 

The performance parameters of the optimal device 

obtained from the simulations are as follows:  

Voc = 1.197 V, Jsc = 18.184 mA·cm
–2

, FF = 79.110%, and 

PCE = 17.215%. A 31% increase in PCE and 30% 

increase in Jsc are observed comparing the results for the 

initial and optimized devices. 
 

3.5. Effect of series resistance on the optimized device 
 

The absorbing layer, the charge transport layers, and the 

front (FTO) and back (Au) contacts make a significant 

contribution to the electrical resistance of PSC devices. 

Simulation for the optimized device was carried out  

by varying the values of the series resistance  

from 0 to 10 Ω·cm
2
, in order to study its effect on the 

device performance. Fig. 5a shows J–V characteristics at  

 

 

 

 

 

Fig. 4. J–V curves for the initial and optimized devices. 

 

 

different series resistance values, while Figs 5b, 5c 

present the solar cell parameters versus simulated series 

resistance. 
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Fig. 3. (a) J–V curves under illumination for different absorbing layer thicknesses, (b) QE versus wavelength, (c) FF and PCE 

versus absorbing layer thickness, as well as (d) Voc and Jsc versus absorbing layer thickness. (Color online.) 
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Fig. 5. (a) J–V characteristics under illumination at different 

series resistance values, (b) Voc and Jsc, as well as (c) FF and 

PCE versus series resistance. 

 

 

As can be seen from Fig. 5b, the device voltage gradually 

increases when the series resistance grows from 0 to 

10 Ω·cm
2
. The other photovoltaic parameters such as 

current density, PCE, and FF are greatly affected at this, 

as shown in Figs 5b, 5c. The observed decrease in the 

current density is due to optical transmission losses caused 

by discoloration [39]. The likely factor conditioning the 

decrease of the FF with the increase of the series resis-

tance is the transport limitations within the absorbing 

layer, which results in internal voltage drop [40]. High-

efficiency devices have low values of series resistance 

[41], which is supported by Fig. 5c showing a decrease in 

the device performance as the series resistance increases. 

 

 

3.6. Effect of shunt resistance on the optimized device 

 

Shunt as well as series resistance cause the main losses in 

photovoltaic devices, thus providing a relevant analysis 

of device operation [41]. There are a number of charge 

recombination pathways responsible for shunt resistance 

in PSC [42]. The performance of the optimized device 

was studied by varying the value of the shunt resistance 

from 10
5
 to 10

30
 Ω·cm

2
. Fig. 6a shows J–V characteristics 

for different shunt resistance values, while Figs 6b, 6c 

present the solar cell parameters versus shunt resistance.  

 

 

 
 

 
 

 
 

Fig. 6. (a) J–V characteristics under illumination at different 

shunt resistance values, (b) Voc and Jsc, as well as (c) FF and 

PCE versus shunt resistance. 
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High values of the shunt resistance lead to improvement 

of the device efficiency [41], as can be seen from  

Figs 6b, 6c. In particular, increments in Voc (from 1.1966 

to 1.1967 V), FF (from 79.0716% to 79.1102%) and PCE 

(from 17.2048% to 17.2148%) are observed as the value 

of the shunt resistance increases from 10
5
 to 10

10
 Ω·cm

2
 

with following saturation of these parameters up to 

10
30

 Ω·cm
2
. At this, however, Jsc does not change with 

the simulated value of the shunt resistance. 

 

 

 
 

 
 

 
 

Fig. 7. (a) J–V characteristics under illumination at different 

temperatures, (b) Jsc and Voc, as well as (c) PCE and FF versus 

temperature. 

 

 

3.7. Effect of temperature on the optimized device 

Photovoltaic device installations are greatly influenced 

by the ambient conditions, especially temperature [41]. 

Generally, PSCs operate at the temperatures exceeding 

300 K in outdoor conditions [43]. The photovoltaic 

properties of the optimized device were explored by 

simulating the device operation at different temperatures 

ranging from 290 to 360 K. 

Increase of the temperature resulted in a significant 

reduction in FF and PCE, while increase in the Jsc and Voc 

values was observed. The recombination of electrons  

and holes is enhanced at high temperatures as the 

electrons gain more energy before being collected at  

the electrodes [43]. 

At extreme temperatures, the band gap, electron and 

hole mobilities, and carrier concentration in the device 

become affected. This lowers the device performance 

[44, 45], as can be seen from Fig. 7c by the decrease in 

the PCE value. On the other hand, Jsc increases, as shown 

in Fig. 7b, due to the reduction of the band gap and 

carrier thermal generation rate [46]. The simulated device 

attains the metastable nature at high temperatures [47]. 

4. Conclusions 

In this study, silver-doped NaZnBr3 perovskite solar cells 

were numerically investigated using SCAPS-1D 

simulation software. The effect of the absorbing layer 

thickness in the range of 0.1 to 1.3 µm on the PSC 

efficiency was studied. Our study revealed that the 

optimal photovoltaic parameters were obtained  

at the absorbing layer thickness of 1.0 µm. For the  

optimized device (FTO/ZnO:Al/NaZnBr3/CuI/Au),  

PCE = 17.215%, Jsc = 18.184 mA·cm
–2

, Voc = 1.197 V, 

and FF = 79.110%. The optimized device had a 31% and 

30% upturn in PCE and Jsc, respectively, as compared to 

the initial device. The optimized device was also shown 

to be affected by series and shunt resistance and 

temperature. The numerical simulations carried out have 

paved a way to a better understanding of the way to 

choose the absorber thickness parameter in order to 

improve the performance of NaZnBr3 based PSC devices. 
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Вплив товщини перовскіту на ефективність перовскітних сонячних елементів на основі NaZnBr3, 

легованого сріблом, досліджений з використанням програмного забезпечення SCAPS 

 

M.O. Abdulmalik, E. Danladi 

Анотація. Товщина поглинаючого шару є найважливішим параметром, який істотно впливає на ефективність 

перовскітних сонячних елементів (ПСЕ). У цій роботі досліджено вплив товщини поглинаючого шару на 

ефективність перовскітних сонячних елементів на основі NaZnBr3, легованого сріблом, з використанням 

симулятора ємності одновимірного сонячного елемента SCAPS-1D. Товщину поглинаючого шару варіювали 

в діапазоні від 100 до 1300 нм. При моделюванні було використано такі початкові значення параметрів 

сонячного елемента: напруга холостого ходу Voc = 1,174 В, густина струму короткого замикання Jsc = 

14,012 мА·см
–2

, коефіцієнт заповнення FF = 79,649% та ефективність перетворення потужності PCE = 13,101%. 

За оптимізованої товщини перовскітного шару, що дорівнювала 1000 нм, було отримано такі значення 

характеристик сонячного елемента: Voc = 1,197 В, Jsc = 18,184 мА·см
–2

, FF = 79,110% та PCE = 17,215%. 

Значення PCE та Jsc збільшились відповідно на 31% та 30% для пристрою з оптимізованими параметрами 

порівняно з початковим пристроєм. Цей результат підтверджує потенційну можливість відмінного керування 

фотонами та покращення ефективності перовскітних сонячних елементів шляхом вибору товщини 

поглинаючого шару. 

 

Ключові слова: SCAPS-1D, перовскітні сонячні елементи, поглинаючий шар, густина струму, ефективність 

перетворення енергії. 
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