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In this study, we conducted an exploration of the optimization of various parameters of a photodetector using SCAPS-1D simulation 
to enhance its overall performance. The photodetector structure was modified based on the structure proposed by N.I.M. Ibrahim et al. 
(AMPC, 14(04), 55–65 (2024) by changing the order of the hole transport layer (HTL) and electron transport layer (ETL). Through 
the optimization of layer thicknesses and doping concentrations, we significantly improved the photovoltaic parameters of our 
optimized structure (FTO/PFN/PBDB-T-2F/PEDOT/Ag). The optimized device exhibited VOC of 1.02V, JSC of 35.20 mA/cm², FF of 
84.61%, and an overall efficiency of 30.40%. Additionally, the device demonstrated a high quantum efficiency (EQ) of over 99% and 
responsivity peaking at 0.65 A/W, covering a broad spectral region from 300 nm to 900 nm. The results indicate the critical role of 
meticulous optimization in developing high-performance photodetectors, providing valuable insights into the design and fabrication of 
devices with superior performance characteristics. 
Keywords: Organic photodetector; SCAPS-1D Simulation; Performance optimization; PBDB-T-2F: BTP-4F; PEDOT: PSS; PFN: Br 
PACS: 84.60. Jt 81.05. Xj 85.60.Jb 73.61.Ph 72.80.Le

1. INTRODUCTION
For the advancement of several applications in biosensing, communication networks, and health monitoring, the 

organic photodetectors (OPDs) must be enhanced, as the performance enhancement of OPD leads to a higher signal 
amplification efficiency. It has been reported that the integration of organic field-effect transistors (OFETs) with OPDs 
significantly boosts the signal-to-noise ratio, which is essential for accurate physiological data extraction from 
photoplethysmographical (PPG) waveforms [1]. Recent advancements in materials and fabrication techniques, such as 
using iron-phthalocyanine (FePc) with polyamide-nylon polymer coatings, have shown promising ability to enhance the 
photoconductivity and the responsivity by several orders of magnitude, making OPDs more effective in UV and visible 
regions [2]. The development of ultrathin, self-powered OPDs with efficient exciton dissociation and charge extraction 
processes further enhances the sensitivity and response time, which are critical for high-performance photodetection [3]. 
Modifying transport layers, such as using N,N′-bis-(1-naphthyl)-N,N′-diphenyl-1,1′-biphenyl-4,4′-diamine (NPB) 
interfacial layers with MoO3 can improve charge selectivity and reduce dark current, thereby increasing responsivity and 
detectivity [4]. Through enhanced polymer-based OPDs, detection capabilities can be extended into the near-infrared 
(NIR) range, allowing for applications such as real-time pulse oximetry without the need for signal amplification [5]. In 
addition to optimizing carrier extraction and minimizing dark current, the right thickness of interfacial layers-like SnO2-
can also improve overall device performance [6]. OPDs with upgraded active layers and other parts, such as trans-
impedance amplifiers, can greatly improve signal reception and lower bit error rates in visible light communication (VLC) 
systems [7]. For some applications, it is essential to optimize narrow wavelength selectivity while boosting responsivity 
and detectivity in p-n junction OPDs by utilizing non-fullerene acceptors (NFAs). [8]. Photomultiplication OPDs with 
materials like PBDB-T and FIrpic produce excellent external quantum efficiency and detectivity, ideal for high-quality 
imaging without preamplifiers [9]. For efficient photodetection with high detectivity and response speed, it is critical to 
understand the optoelectronic behavior and address recombination losses in bilayer OPDs [10]. Thus, there is an urgent 
need to enhance the OPD’s overall performance to meet the growing demands of modern technological applications.  

In organic photovoltaic systems (OPVs), both PBDB-T-2F and BTP-4F materials are frequently utilized as active 
layers. These active layers usually comprise a donor and an acceptor substance that aid in the production and movement of 
charge carriers. For example, in the setting of ternary blending solar cells, a fullerene derivative such as PC61BM is employed 
as the acceptor, and high-crystallinity P3HT is used as the donor to provide low recombination efficiency and good carrier 
transport capacity [11]. Comparably, the exciton dissociation efficiency and optical absorption range, which are essential for 
the overall performance of OPVs, may be increased by using PBDB-T-2F as a donor and BTP-4F as an acceptor. 
Furthermore, the material characteristics can be further improved by crystallizing active layers using methods like laser 
irradiation. This is demonstrated in thin-film transistors, where the active layer is heated and crystallized utilizing asymmetric 
laser profiles [12]. In other applications, such as proton-exchange membrane fuel cells (PEMFC), the active layer comprises 
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perfluoro sulfonate ionomers to improve ion conductivity and performance [13]. Furthermore, developments in materials 
science emphasize the significance of material attributes like energy conversion efficiency and biocompatibility in a variety 
of applications, as demonstrated by the creation of biologic piezoelectric layers on Ti substrates [14]. Improved signal-to-
noise ratios through the incorporation of optical gain in interferometers highlight the importance of material advancements 
for improved performance in photonic devices [15]. In general, the integration of PBDB-T-2F and BTP-4F into the active 
layer of OPV devices is a potentially effective method for attaining enhanced efficiency and performance, drawing upon the 
concepts and developments noted in several associated domains [16], [17], [18]. 

PEDOT: PSS (poly(3,4-ethylenedioxythiophene): poly (styrene sulfonate)) is commonly utilized material as a hole 
transport layer (HTL) in a variety of optoelectronic devices, such as perovskite solar cells (PSCs) and organic solar cells 
(OSCs). This is because of its advantageous characteristics, which include outstanding wettability, appropriate 
conductivity, and high optical transparency, making it a great option for improving the overall performance of the device 
[19]. In addition, PEDOT: PSS has outstanding environmental stability, processability, and thermoelectric qualities. These 
can be further enhanced by doping with nanomaterials such as carbon nanotubes (CNTs) to raise the material's Seebeck 
coefficient and conductivity [20]. By doping graphene oxide (GO) into PEDOT: PSS, the work function of HTL 
significantly improved, which is critical for better hole injection and lessens luminescence quenching at the HTL/emission 
layer interface, thus increasing luminance and current efficiency in perovskite light-emitting diodes (PeLEDs) [21]. 
Additionally, PEDOT: PSS can be altered to increase its conductivity and pattern-making capabilities, which qualifies it 
for flexible electronics applications with high brightness and current efficiency, like flexible PeLEDs [22]. On the other 
hand, low sheet resistance and high transmittance have been obtained by doping PEDOT: PSS-doped with Ag nanowires 
(NWs), which are desirable for flexible and transparent devices [23]. Moreover, PEDOT:PSS can promote neural stem 
cell adhesion, proliferation, and differentiation, suggesting applications in tissue engineering and bioelectronics [24]. 
However, because of its capacity to increase electron mobility and decrease recombination losses, PFN: Br (poly[(9,9-
bis(3'-(N,N-dimethylamino)propyl)-2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene)] bromide) is frequently employed as an 
ETL, and thus enhancing the overall efficiency of devices [25]. By maximizing charge transport and minimizing energy 
losses, PEDOT: PSS as HTL and PFN: Br as ETL can work in concert to improve the overall performance of 
optoelectronic devices. 

In this work, we investigate how to greatly improve the performance of photodetectors by optimizing their various 
parameters using SCAPS-1D simulation. An apparatus called a photodetector transforms light into electrical signals that 
are utilized in a variety of fields, including communications, imaging, and environmental monitoring. Investigations were 
conducted into the impacts of temperature variations on device performance as well as the optimization of the thicknesses 
and doping densities of PBDB-T-2F: BTP-4F, PEDOT: PSS, and PFN: Br layers. Our study builds upon the structure 
proposed by N. I. M. Ibrahim et al., who reported on a device configuration of ITO/PEDOT: PSS/PBDB/PBDB-T-2F: 
BTP-4F/PFN: Br/Ag. The power conversion efficiency (PCE) of this configuration was 4.1%, with a VOC of 0.25 V, a JSC 
of 29.14 mA/cm², and a fill factor (FF) of 56.44%. In our study, the configuration was modified to FTO/PFN: 
Br/PBDB/PBDB-T-2F: BTP-4F/PEDOT: PSS/Ag, reversing the order of the HTL and ETL. Through meticulous 
optimization of the layer thicknesses and doping concentrations, we achieved significantly improved outcomes. The 
optimization process involved varying the thicknesses of HTL, ETL layers, and doping densities for the PFN: Br and 
PEDOT: PSS layers to achieve the highest efficiency. Our optimized structure exhibited a VOC of 1.02V, a JSC of 35.21 
mA/cm², an FF of 84.62%, and an overall efficiency of 30.40%. This study emphasizes how important careful 
optimization is to create high-performance photodetectors. Through our methodical examination of the impacts of 
temperature, doping density, and layer thickness, we offer important insights into the design and manufacturing of 
photodetectors with exceptional performance qualities. The results of this investigation further the field of photodetector 
technology by providing useful recommendations for optimizing efficiency in practical applications. 

 
2. METHODOLOGY 

2.1 Numerical simulation and device structures 
The SCAPS-1D software is widely used for numerical simulations to evaluate the optical and electrical properties 

of various solar cell structures [26], [27]. The SCAPS-1D software utilizes fixed sources and solves three fundamental 
differential equations: Poisson's equation and the continuity equations for electrons and holes, all under specific boundary 
conditions. Through the use of self-consistent iteration methods, SCAPS-1D effectively models solar cells, producing 
simulated results that closely align with experimental data. This reliability makes it an invaluable tool for predicting 
device performance. Researchers can use SCAPS-1D to optimize various parameters, such as layer thickness, carrier 
concentration, and defect density, thereby enhancing solar cell efficiency and overall performance. Consequently, 
SCAPS-1D plays a crucial role in the design and analysis of photovoltaic devices [28], [29], [30]. 
Poisson’s equation for a solar cell device is as follows: 

 𝝏𝝏𝒙 ቀ−𝜺ሺ𝒙ሻ 𝝏𝑽𝝏𝒙ቁ = 𝒒[𝒑ሺ𝒙ሻ − 𝒏ሺ𝒙ሻ +𝑵𝑫ାሺ𝒙ሻ − 𝑵𝑫ିሺ𝒙ሻ+ 𝒑𝒕ሺ𝒙ሻ − 𝒏𝒕ሺ𝒙ሻ], (1) 

And the electron, hole continuity equations are: 



153
Optimization of Organic Photodetectors Using SCAPS-1D Simulation...   EEJP. 1 (2025)

 𝝏𝒏𝝏𝒙 = 𝟏𝒒 𝝏𝑱𝒏𝝏𝒙 + 𝑮𝒏 − 𝑹𝒏, (2) 
 
 𝝏𝒏𝝏𝒙 = −𝟏𝒒 𝝏𝑱𝒏𝝏𝒙 + 𝑮𝒑 − 𝑹𝒑. (3) 
 
Where 𝜀 is the dielectric permittivity, 𝑉 is the electric potential, and 𝑞 is the electronic charge. The variables p(𝑥) and 𝑛(𝑥) represent the concentrations of free holes and free electrons, respectively. 𝑁𝐷+𝑥 and 𝑁𝐴−𝑥 are the ionized donor 
and acceptor concentrations. The terms 𝑝𝑡(𝑥) and 𝑛𝑡(𝑥) denote the trap densities for holes and electrons. Additionally, 
Jn/p signify the current densities, while Gn/p represent the generation rates, and Rn/p correspond to the recombination rates 
for electrons and holes. 

The physical parameters for the photodetector components in the SCAPS-1D simulation are listed in Table 1. These 
parameters are FTO, PBDB-T-2F: BTP-4F, PEDOT: PSS, and PFN: Br. Thickness, band gap, electron affinity, dielectric 
permittivity, effective density of states, mobility, doping densities, and thermal velocities are some of these properties. 
FTO serves as the transparent electrode, PFN: Br is the ETL, PBDB-T-2F: BTP-4F is the active layer responsible for light 
absorption and charge generation, and PEDOT: PSS acts as the HTL. The values that are supplied act as a basis for both 
simulation and optimization. 
Table 1. Physical parameters utilized for SCAPS 1D simulation 

Material properties FTO [31] PFN: Br 
(ETL)[32] 

PBDB-T-2F: BTP-4F 
(Active layer)[33] 

PEDOT:PSS (HTL) 
[33] 

Thickness (nm) 500 5 Variable 40 
Band gap (eV) 3.500 2.8 1.27 1.6 
Electron affinity (eV) 4.000 4 4.03 3.4 
Dielectric permittivity 9.000 5 6.1 3 
Conduction band effective density of 
states, nc (cm−3) 2.20 ×1018 1 × 1019 1 × 1019 1 × 1022 
Conduction band effective density of 
states, nv (cm−3) 1.80 × 1019 1 × 1019 1 × 1019 1 × 1022 
Electron thermal velocity, Ve (cm/s) 1.00 × 107 1.00 × 107 1.00 × 107 1.00 × 107 
Hole thermal velocity, Vh (cm/s) 1.00 × 107 1.00 × 107 1.00 × 107 1.00 × 107 
Electron mobility, μe (cm2/Vs) 20 2.00 × 10-6 1.70 × 10-3 4.5 × 10-4 
Hole mobility, μh (cm2/Vs) 10 1.00 × 10-4 2.96 × 10-4 9.9 × 10-5 
Shallow uniform donor density, nD (cm−3) 1×1019 9.00 × 10-18 7.5 × 1016 2.00 × 1021 
Shallow uniform acceptor 
density, nA (cm−3) 0 0 0 0 

The photodetector and energy band diagram are shown in their entirety in Figure 1. Several layers known as FTO, 
PFN:Br (ETL), PBDB-T-2F:BTP-4F (active layer), PEDOT:PSS (HTL), and Ag within the device are shown in 
Figure 1a. Light is typically allowed in through the FTO light window, electron transport is facilitated by PFN:Br, 
photons are absorbed and charge carriers are produced by PBDB-T-2F:BTP-4F, hole transport is promoted by 
PEDOT:PSS, and Ag is the back electrode. Figure 1b shows the energy band diagram with conduction band (Ec) and 
valence band (Ev) energies, indicating efficient charge separation and transport, essential for optimal device performance. 

 
Figure 1. Schematic structure of the device, and (b) energy band diagram 

 
3. RESULTS AND DISCUSSIONS 

3.1 Optimal thickness and performance of active layer 
Figure 2a depicts the effect of the thickness of the PBDB-T-2F: BTP-4F layer and performance items; open-circuit 

voltage (VOC), current density (JSC), fill factor (FF), and efficiency (η). As the layer thickness increases from 100 nm to 800 
nm, VOC rises steadily from 0.95V to 1.00V, and JSC increases dramatically from 17 mA/cm² to roughly 35 mA/cm². FF 
indicates a marginal decline from 79.1% to roughly 78.5%. There was a notable increase in overall efficiency from 13.1% 
to around 27.5%. This shows that the ideal thickness for the PBDB-T-2F: BTP-4F layer is around 800 nm. Nonetheless, a 
thickness range of 700–800 nm might be chosen for practical reasons to balance production efficiency and performance. 
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Figure 2. (a) The effect of PBDB-T-2F: BTP-4F layer thickness on photovoltaic parameters (VOC, JSC, FF, and η), and (b) the EQE 
as a function of wavelength with varying PBDB-T-2F: BTP-4F layer thickness 

 
3.2 Impact of HTL layer thickness on device performance 

Figure 3a displays the simulation-based examination of the effect of PEDOT: PSS layer thickness on several 
performance metrics of the device. As the thickness increases from 50 nm to 600 nm, the VOC shows a tiny increase from 
0.97519V to 0.977099V, suggesting a marginally beneficial impact on open-circuit voltage. With a continuous 
improvement, the JSC goes from 25.5886 mA/cm² to 26.5829 mA/cm². The overall efficiency, which declines little from 
19.6797% to 19.4037%, is negatively impacted by the FF, which falls dramatically from 78.8647% to 74.704%. The 
simulation-based EQE as a function of wavelength for various PEDOT: PSS layer thicknesses is shown in Figure 3b. 
The EQE curves show a comparatively constant spectrum response at different thicknesses, indicating that the device's 
spectral response is not significantly impacted by the thickness of the PEDOT: PSS layer. 

 
Figure 3. (a) the effect of PEDOT: PSS layer thickness on photovoltaic parameters (VOC, Jsc, FF, and η). (b) the EQE as a 

function of wavelength for varying PEDOT: PSS layer thicknesses. 
 

3.3 Impact of ETL layer thickness on device performance 
The influence of different PFN: Br layer thicknesses on important performance metrics as VOC, JSC, FF, and η is 

shown by the simulation-based analysis in Figure 4. All the performance measures show a decrease with thickness. From 
Figure 4a, the VOC of 0.975086 V, JSC of 25.5741 mA/cm², FF of 78.9427%, and efficiency of 19.6859% are achieved at 
5 nm. These measures show that 5 nm is the ideal thickness for the PFN: Br layer because there is a considerable decrease 
beyond this point. The EQE curves, displayed in panel (Figure 4b), further attest to the durability of the performance at 
the ideal thickness because they hold steady at varying thicknesses. 

 
Figure 4. (a) the effect of PFN: Br layer thickness on photovoltaic parameters (VOC, JSC, FF, and η), and (b) the EQE as a function 

of wavelength for varying PFN: Br layer thicknesses 

3.4 Effect of donor density of PFN: Br layer on device performance 
The impact of donor density modifications in the PFN: Br layer on device performance metrics, such as VOC, Jsc, 

FF, and η, is investigated in the simulation-based analysis shown in Figure 5. It can be observed that by increases the 
donor density from 10ଵସ𝑐𝑚ିଷ to 10ଶଵ𝑐𝑚ିଷ, a significant improvement in FF and η, while VOC stabilizes around 
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10ଵ଼𝑐𝑚ିଷ as presented in Figure 5a. The maximum performance is observed at a donor density of 10ଶଵ𝑐𝑚ିଷ with a VOC 
of 0.97 V, Jsc of 25.57 mA/cm², FF of 79.53%, and an efficiency of 19.82%. Further confirming the durability of the 
device performance at the ideal donor density are the EQE curves displayed in panel (Figure 5b), which hold true for a 
range of donor densities. 

 
Figure 5. (a) the effect of donor density in the PFN:Br layer on photovoltaic parameters (VOC, Jsc, FF, and η). (b) the EQE 

as a function of wavelength for varying donor densities in the PFN:Br layer. 

3.5 Effect of acceptor density of HTL layer on device performance 
The investigation performed using simulation, as illustrated in Figure 6, display how different acceptor densities in 

the PEDOT: PSS layer affect the VOC, JSC, FF, and η parameters. Figure 6a, illustrates a clear trend were increasing the 
acceptor density from 10ଵସ𝑐𝑚ିଷ to 10ଶଵ𝑐𝑚ିଷ  significantly enhances the FF and η. The VOC also shows a steady increase, 
reaching 1.0058 V at the highest acceptor density. Optimal device performance is observed at an acceptor density of 10ଶଵ𝑐𝑚ିଷ  with a VOC of 1.0058 V, Jsc of 25.5714 mA/cm², FF of 85.38%, and an efficiency of 21.96%. It is supported 
that device performance is robust at greater acceptor densities by the EQE curves shown in panel (Figure 6b), which are 
essentially consistent across a range of acceptor densities. 

 
Figure 6. (a) The effect of acceptor density in the PEDOT: PSS layer on photovoltaic parameters (VOC, JSC, FF, and η), 

and (b) the EQE as a function of wavelength for varying acceptor densities in the PEDOT: PSS layer 

3.6 Temperature dependence on device performance 
Here, as shown in Figure 7, we examine the performance of the device as a function of temperature. From Figure 7a, 

as the temperature rises from 273K to 333K, the VOC decreases steadily from 0.984V at 273K to 0.956V. 

 
Figure 7. The effect of temperature on the (a) the changes in photovoltaic parameters (VOC, Jsc, FF, and η) with varying 

temperatures, and (b) the EQE percentages 

Similarly, the FF drops from 80.27% to 77.83%, and the overall efficiency of the device falls from 20.21% to 
19.03%. The current density exhibits a notable degree of stability throughout the temperature range, suggesting that 
variations in VOC, FF, and η are not attributable to substantial shifts in the current output. The lowest temperature, 273K, 
where the maximum values of VOC, FF, and η are measured, is where best performance is observed. As can be seen from 
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the EQE spectrum in Figure 7b, the EQE of the device is largely constant between 273K and 333K. This stability indicates 
that the capacity of the device to convert photons into electrons over the reported wavelength range is mostly unaffected 
by temperature fluctuations. This stability in EQE, in contrast to other performance metrics like VOC, FF, and η, suggests 
that the main photoactive processes are less susceptible to temperature variations than the device's total electrical 
performance. 

 
4. OPTIMIZED DEVICE 

The optimum parameters for our photodetector device are given in Table 2. The active layer thickness was set to 
800 nm, the PEDOT: PSS HTL to 50 nm, and the PFN:Br ETL to 5 nm. The shallow uniform acceptor density (nA) of 
the active layer was optimized to 7.5 ൈ 10ଵ଺ ൈ 𝑐𝑚ିଷ, while the shallow uniform donor density (nD) of PFN: Br (ETL) 
and the shallow uniform acceptor density (nA) of PEDOT: PSS (HTL) were both set to 10ଶଵ ൈ 𝑐𝑚ିଷ. Our device structure 
(FTO/PFN:Br/PBDB-T-2F:BTP-4F /PEDOT:PSS/Ag) differs significantly from the structure used in the work by 
N.I.M.  Ibrahim et al. (ITO/PEDOT:PSS/PBDB-T-2F:BTP-4F/PFN/Ag)[33]. By changing the order of the HTL and ETL 
layers, we were able to achieve superior performance. Specifically, after optimizing layer thickness and doping 
concentrations. 
Table 2. Optimized numerical parameters 

Parameters Value 
Thickness of Active layer 800 nm 
Thickness of PEDOT: PSS (HTL) 50 nm 
Thickness of PFN:Br (ETL) 5 nm  
Shallow uniform acceptor density, nA of Active layer 7.5 ൈ 10ଵ଺𝑐𝑚ିଷ 
Shallow uniform donor density, nD of PFN:Br (ETL) 1 ൈ 10ଶଵ𝑐𝑚ିଷ 
Shallow uniform acceptor density, nA of PEDOT: PSS (HTL) 1 ൈ 10ଶଵ𝑐𝑚ିଷ 

The current density-voltage (J-V) characteristics of the photodetector device are displayed in Figure 8a, which also 
shows the dark current density and photocurrent density. A robust photoresponse is indicated by the photocurrent density 
(black line), which peaks at about 35 mA/cm² slightly below 1 V under illumination. At low voltages, the dark current 
density (red line) stays low and only begins to climb noticeably at 0.2 V. According to the dark current density statistics, 
it is modest (between 10-18 and 10-15 A/cm²) until 0.2 V, at which point it climbs exponentially to 9.18 A/cm² at 1 V. This 
behavior indicates low leakage current at low voltages, which enhances the stability and efficiency of the device. 

The quantum efficiency (QE) and responsivity (R) at wavelengths ranging from 200 nm to 1200 nm are shown in 
Figure 8b. Between 300 and 900 nm, the QE (black line) stays high and nearly 100%, demonstrating the device's 
remarkable photon-to-electron conversion efficiency. In the same spectral region, the responsivity (red line) peaks at 
approximately 0.66 A/W, suggesting great sensitivity. Beyond 900 nm, photon energy decreases and QE and responsivity 
both decreases. According to comprehensive statistics, QE and responsivity peak at 800 nm and then steadily decline 
from 50 nm to 800 nm. Performance is at its best at 800 nm, where QE is 97.68% and responsivity is 0.63 A/W. These 
findings highlight the device's excellent sensitivity and efficiency overall, making it appropriate for applications requiring 
accurate light detection over a wide spectral range. 

 
Figure 8. (a) J-V characteristic curve of the optimized photodetector, and (b) QE and responsivity as functions of wavelength. 

Table 3. A comparative analysis of the performance of various OPDs from different studies, highlighting the advancements achieved 
in this work 

Active Materials VOC (V) Jsc 
(mA/cm2) FF (%) PCE (%) Ref. 

Experimental Results      
PEDOT: PSS/GO/PCDTBT: PC71BM 0.82 10.44 50.0 4.28 [34] 
PEDOT: PSS/GO/PCDTBT: PC71BM 0.85 10.82 57.0 5.24 [35] 
PEDOT: PSS/PTB7:PC71BM 0.74 14.89 74.08 5.92 [36] 
PTB4/PC71BM 0.70 14.80 64.60 7.1 [37] 
PEDOT: PSS/PTB7-Th: PC61BM 0.78 17.66 52.41 7.24 [38] 
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Active Materials VOC (V) Jsc 
(mA/cm2) FF (%) PCE (%) Ref. 

PEDOT: PSS/PBDB-T: ITIC-OE 0.96 16.50 69.75 11.0 [39] 
PEDOT: PSS/PBDB-T: ITIC 1.06 16.20 82.95 14.25 [40] 
CuI/PBDB-T: ITIC 0.98 20.15 79.59 15.68 [41] 
PBD: PFBSA/PBDB-T: N2200 0.85 24.23 71.0 16.2 [42] 
Simulation Results      
GO/PBDB-T: ITIC 0.9148 25.71 58.45 13.74 [32] 
GO/PTB7:PC71BM 0.9070 18.12 61.30 10.07 [32] 
PEDOT: PSS/PBDB-T-2F: BTP-4F/PFN-Br 0.25   29.14 56.44.4 4.1 [33] 
PFN-Br /PBDB-T-2F: BTP-4F/ PEDOT: PSS  1.02 35.20 84.61 30.40 This work 

 
CONCLUSIONS 

This study highlights the notable enhancements in photodetector performance that may be obtained by carefully 
adjusting layer thicknesses and doping densities with the use of SCAPS-1D simulations. Through structural modification, 
we were able to create a significantly higher efficiency device configuration than that suggested by N. I. M. Ibrahim et 
al. using modifications in the HTL and ETL layers, the optimized structure using FTO/PFN/PBDB-T-2F/PEDOT/Ag 
shown notable improvements in VOC, JSC, FF, and overall efficiency. Furthermore, the device displayed a high EQ 
exceeding 99% and responsivity reaching up to 0.65 A/W throughout a broad spectral area from 300 nm to 900 nm. These 
results pave the way for more effective devices in real-world applications by highlighting the significance of layer 
arrangement and material qualities in generating high-performance photodetectors. 
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ОПТИМІЗАЦІЯ ОРГАНІЧНИХ ФОТОДЕТЕКТОРІВ ЗА ДОПОМОГОЮ МОДЕЛЮВАННЯ SCAPS-1D: 
ПІДВИЩЕННЯ ПРОДУКТИВНОСТІ ПРИСТРОЇВ НА ОСНОВІ PBDB-T-2F ШЛЯХОМ КОНФІГУРАЦІЇ ШАРУ 

ТА РЕГУЛЮВАННЯ ЛЕГУВАННЯ 
Ахмет Саїт Алаліa, Мурат Одункуоглуa, Хмуд Аль-Дмурb, Абделааль С.А. Ахмедc 

aФакультет фізики, Технічний університет Йилдиз, Стамбул, Туреччина 
bУніверситет Мута, факультет природничих наук, кафедра фізики, 61710, Йорданія 

cКафедра хімії, Факультет природничих наук, Університет Аль-Азхар, Ассуїт, 71524, Єгипет 
У цьому дослідженні ми провели дослідження оптимізації різних параметрів фотодетектора за допомогою моделювання 
SCAPS-1D для підвищення його загальної продуктивності. Конструкцію фотоприймача модифіковано на основі структури, 
запропонованої Н.І.М. Ібрагім та ін. (AMPC, 14(04), 55–65 (2024) шляхом зміни порядку шару транспортування дірок (HTL) 
та шару транспортування електронів (ETL). Завдяки оптимізації товщини шару та концентрації легування ми значно 
покращили фотоелектричні параметри нашої оптимізованої структури (FTO/PFN/PBDB-T-2F/PEDOT/Ag). 1,02 В, JSC 35,20 
мА/см², FF 84,61 % і загальний ККД 30,40 % Крім того, пристрій продемонстрував високу квантову ефективність (EQ) понад 
99 % і чутливість із піком 0,65 А/Вт, охоплюючи широка спектральна область від 300 нм до 900 нм результати вказують на 
критичну роль ретельної оптимізації при розробці високоефективних фотодетекторів, надаючи цінну інформацію про 
проектування та виготовлення пристроїв із чудовими характеристиками продуктивності. 
Ключові слова: органічний фотодетектор; моделювання SCAPS-1D; оптимізація продуктивності; PBDB-T-2F: BTP-4F; 
PEDOT: PSS; PFN: Br 


