
International Journal of Applied Power Engineering (IJAPE) 

Vol. 15, No. 2, June 2026, pp. 770~780 

ISSN: 2252-8792, DOI: 10.11591/ijape.v15.i2.pp770-780      770  

 

Journal homepage: http://ijape.iaescore.com/ 

Comparative analysis of PM6:L8-BO organic and inverted 

organic solar cell 
 

 

Karthika Krishnakumar1, Ashish Grover2, Pardeep Kumar3 
1Department of Electronics and Communication Engineering, MRIIRS, Faridabad, India 

2Department of Electrical and Electronics Engineering, MRIIRS, Faridabad, India 
3Department of Applied Sciences, MRIIRS, Faridabad, India 

 

 

Article Info  ABSTRACT 

Article history: 

Received Jul 11, 2025 

Revised Jan 23, 2026 

Accepted Mar 12, 2026 

 

 Advancements in solar technologies are driven by the pursuit of higher 

efficiency and reduced environmental impact. This study presents a 

comprehensive and comparative analysis of organic and inverted organic 

solar cells (OSC and IOSC), using the OghmaNano software for simulations 

and analysis. This work is specifically designed to compare conventional 

and inverted structures and understand how device engineering impacts 

performance metrics. When OSCs are characterized by a low work-function 

cathode on top, IOSCs feature a clear conductive oxide cathode at the 

bottom. The study focusses on extracting key electrical output, including 

short circuit current density (JSC), open-circuit voltage (VOC), fill factor (FF) 

and power conversion efficiency (PCE), through the calculated current-

voltage characteristic (J-V). Various physical characteristics, such as 

thickness of different layers and materials deployed as electron transport 

layer (ETL) and hole transport layer (HTL), are systematically investigated. 

Diverse top and bottom electrodes, encompassing monothin and multithin 

layer configurations, are proposed. The study shows that IOSC achieves 

higher efficiency than OSC, reaching 21.60%, while using a multithin layer 

ZTZ (ZnO/TiOx/ZnO) as the bottom contact, demonstrating improved 

charge transport and overall efficiency. 
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1. INTRODUCTION 

The conjugated polymer-based organic solar cells (OSCs) are being investigated as a substitute for 

inorganic solar cells due to their inexpensiveness, pliability, lightweight, and depositing ability using the 

room temperature solution technique [1], [2]. Despite these advantages, investigation on OSCs faces 

significant hurdle regarding their widespread commercialization due to poor power conversion efficiency 

(PCE) [3]. To break through this efficiency ceiling, the OSC community has witnessed an upsurge in interest 

and research into non-fullerene acceptors (NFA) since 2015 [4]. NFAs have become a cornerstone for next-

generation OSCs due to their enhanced electron mobility, tunable absorption spectra enabling better use of 

solar spectrum, and superior donor-acceptor miscibility which optimizes the blend morphology [5], [6]. So, 

ongoing efforts are focused on improving PCE of NFA based OSC through the utilization of innovative 

materials and device architectures both through simulation and experimentation. Experiments to assess the 

performance of OSCs are difficult, expensive, and time-consuming. Computer simulation is more practical 

while conducting research on OSC in its early phases. By computer simulations, we can create and optimize 

our own OSC structure, test different materials, and make adjustments without consuming a lot of resources 

https://creativecommons.org/licenses/by-sa/4.0/
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or going over budget before trying it out in actual experiments. Software tools such as OghmaNano, 

MATLAB, 1D Amps, PC1D, matrix transfer scaps-1D, are widely used for simulating OSCs. 

The core structure of OSCs involve a transparent substrate coated with a transparent conductive 

electrode substance, commonly indium tin oxide (ITO), forming the basis for both conventional and inverted 

structures [7]. ITO has strong electrical conductivity and outstanding transparency [7]. Standard OSC 

structure consists of anode, hole transport layer (HTL), active layer, electron transport layer (ETL), and 

cathode whereas IOSC structure consists of anode, ETL, active layer, HTL, and cathode, in order [8]. In the 

standard OSC structure, usually a low work function metal is used as cathode. This structure experiences low 

air stability of low work function metal cathode and high acidity of interfacial layer. For eradicating this 

shortcoming, IOSC structure was developed, with air-stable high-work-function electrode material, such as 

silver or gold, as cathode [9], [10]. 

While doing literature study, it has been significantly noticed that the ongoing academic research 

focused on studies exclusively either on OSC based or IOSC based structures. Evaluation of the comparative 

performances of OSC and IOSC with non-fullerene materials in the active layer are noticeably lacking. 

Hence to redress such lacking, this research aims to compare the electrical characteristics of PM6:L8-BO 

based OSC and IOSC, by analyzing the impact of active layer thickness, ETL thickness, HTL thickness, ETL 

materials and HTL materials on electrical outputs and enhancing charge collection using multi thin layer 

electrodes instead of monolayers. Here we use OghmaNano 8.0.041 version software to numerically simulate 

OSC structure with ITO/Pedot:Pss/PM6:L8-BO/TiOx /Al and IOSC structure with ITO/TiOx/PM6:L8-

BO/Pedot:Pss/Ag as shown in Figure 1. 

 

 

  
(a) (b) 

 

Figure 1. Proposed structure in simulation: (a) OSC and (b) IOSC 

 

 

2. METHOD 

Since organic semiconductors have an amorphous structure, an important aspect of their transport 

mechanism of optoelectronic characteristics is their density of states (DoS) [11]. This might make it more 

difficult to comprehend the physical processes that occur [12]. The OghmaNano 8.0.041 version software 

was deployed to conduct the electrical simulation [13]. The finite-difference drift-diffusion model is used by 

this program for carrier trapping, detrapping, and transit [14]. 

 

2.1.  Transport model 

The band gap energy of the bulk hetero junction (BHJ) material is defined by the n-type lowest 

unoccupied molecular orbital (LUMO) and p-type highest occupied molecular orbital (HOMO) energies, 

which are considered while modelling free carrier transport [15]. The LUMO level in organic materials is 

comparable to that of Ec, while the HOMO level is equivalent to the Ev energy band gap edge. The easiest 

way to simulate the BHJ is to use an analogous layer with an equivalent band gap energy located between the 

p-type HOMO and the n-type LUMO levels. This is because the BHJ is a combination of n-type and p-type 

zones. The internal potential distribution φ is then obtained by solving the Poisson equation [14]. 

 
𝑑

𝑑𝑥
. 𝜀0𝜀𝑟

𝑑𝜑

𝑑𝑥
= 𝑞𝑛𝑓 − 𝑝𝑓 + 𝑛𝑡 − 𝑝𝑡 (1) 

 

Where q: charge on electron, ε0: permittivity of free space, εr: permittivity of active layer, nf: electron density, 

pf: hole density, and nt, pt: trapped charge density [13]. The formulas for calculating the continuance of 

electron and hole currents in a 1D steady-state scenario are found in MacKenzie [13]. 

 



                ISSN: 2252-8792 

Int J Appl Power Eng, Vol. 15, No. 2, June 2026: 770-780 

772 

𝜕𝐽𝑛

𝜕𝑥
= 𝑞(𝑅𝑒 − 𝐺) (2) 

 
𝜕𝐽𝑝

𝜕𝑥
= 𝑞(𝑅ℎ − 𝐺) (3) 

 

Where Re,h: recombination rate of free carriers and G: generation rate of free carriers [13]. 

The electron current flux density (Jn) and the hole current flux density (Jp) may be found by solving 

these equations [14]. For free carriers, Maxwell-Boltzmann statistics are assumed. 
 

𝐽𝑛 = 𝑞𝜇𝑒𝑛𝑓
𝜕𝐸𝐿𝑈𝑀𝑂

𝜕𝑥
+ 𝑞𝐷𝑛

𝜕𝑛𝑓

𝜕𝑥
 (4) 

 

𝐽𝑝 = 𝑞𝜇𝑝𝑝𝑓
𝜕𝐸𝐻𝑂𝑀𝑂

𝜕𝑥
+ 𝑞𝐷𝑝

𝜕𝑃𝑓

𝜕𝑥
 (5) 

 

𝐸𝐿𝑈𝑀𝑂 = −𝜒 − 𝑞𝜙  𝐸𝐻𝑂𝑀𝑂 = −𝜒 − 𝐸𝑔 − 𝑞𝜙, 𝜒 = 𝐿𝑈𝑀𝑂 𝑚𝑜𝑏𝑖𝑙𝑖𝑡𝑦 𝑒𝑑𝑔𝑒 − 𝑣𝑎𝑐𝑐𝑢𝑚 𝑙𝑒𝑣𝑒𝑙 
 

Where Dn,p: electron and hole diffusion coefficients, Eg: HOMO-LUMO, and ϕ: built in potential of the device 

[14]. 
 

2.2.  Trapping and recombination mechanisms of carriers 

Numerous energy levels in disordered organic semiconductors are in close proximity to the HOMO 

and LUMO energies [16]. This disorder produces a variety of localized gap states with varying energy that 

are produced by this disorder [17]. Furthermore, the distribution of trap-like defect states is tail-shaped [18]. 

The distribution of traps in a polymeric substance is closely associated to the processes of trapping 

and de-trapping. Charge injection, trapping, and de-trapping are the three primary phases of the trapping 

model [19]. There are two types of defects viz. chemical and physical defects. Differences in morphological 

crystallinity, microstructure, and molecular weight lead to physical flaw [19], [20]. On the other hand, photo-

oxidation leads to chemical flaws, which change the chemical structure of the material [19], [20]. Chemical 

faults have been shown to be related to deep traps, while physical faults are linked to shallow traps. 

Although the DoS is often associated with the Gaussian form, it is important to remember that an 

exponential DoS or a mix of Gaussian and exponential distributions is also possible. Two Gaussians 

revolving around the LUMO and HOMO levels comprise an alternative model. Recently the Shockley–

Read–Hall (SRH) recombination model has been applied in organic photovoltaics (OPVs). This model is 

similar to the Langevin recombination model with carrier traps in that which describes the recombination of 

carriers changing from free to trapped states in a steady state [19], [20]. 

The structure of the DoS over the gap energy and the corresponding recombination and trapping 

process are depicted in Figure 2. This study examines a model made up of exponentially decaying tail states 

(DoS) that serve as free carrier trap states. Furthermore, the parabolic bands characterized by LUMO energy 

as electron minima and HOMO energy as hole maxima explain the carrier extended states [14]. 

The SRH recombination model explains carrier trapping and recombination by describing the 

movement of carriers from free to confined states for both electrons and holes. MacKenzie [13] provides the 

equation that determines the balance of the carriers for each trap level. 
 

𝛿𝑛𝑡

𝛿𝑡
= 𝑟𝑒𝑐 − 𝑟𝑒𝑒 − 𝑟ℎ𝑐 + 𝑟ℎ𝑒 (6) 

 

Where nt: trapped electrodensity and rec, ree, rhc, rhe: electron and hole capture rate, escape rate [13]. 
 

𝑟𝑒𝑐 = 𝑛𝑣𝑡ℎ𝜎𝑛𝑁𝑡(1 − 𝑓)  

𝑟𝑒𝑒 = 𝑒𝑝𝑁𝑡𝑓  

𝑟ℎ𝑐 = 𝑝𝑣𝑡ℎ𝜎𝑝𝑁𝑡𝑓  

𝑟ℎ𝑒 = 𝑒𝑝𝑁𝑡(1 − 𝑓)  

 
𝜕𝑝𝑡

𝜕𝑡
= 𝑟ℎ𝑐 − 𝑟ℎ𝑒 − 𝑟𝑒𝑐 − 𝑟𝑒𝑒  (7) 

 

Where en, ep: electron and hole escape rate. 
 

𝑒𝑛 = 𝑣𝑡ℎ𝜎𝑛𝑁𝑐𝑒𝑥𝑝
𝐸𝑡−𝐸𝑐

𝐾𝑇
 (8) 

 

𝑒𝑝 = 𝑣𝑡ℎ𝜎𝑝𝑁𝑣𝑒𝑥𝑝
𝐸𝑉−𝐸𝑡

𝐾𝑇
 (9) 
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Where Vth: thermal emission velocity of carriers, σn,p: trap cross sections, Nc,v: effective density of states for 

free carriers, f: Fermi-Dirac occupation function, and Nt: trap density of exponential tail distribution  

[13], [14]. 
 

𝑁𝑡(𝐸) =
∫ 𝑁𝑒/ℎ𝑒𝑥𝑝 (𝐸/𝐸𝑈

𝑒/ℎ
)𝑑𝛦

𝐸+𝛥𝐸
2⁄

𝐸−𝛥𝐸
2⁄

𝛥𝛦
 (10) 

 

𝐸𝑈
𝑒/ℎ

= 𝑇𝑎𝑖𝑙 𝑠𝑙𝑜𝑝𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐  

𝑁𝑒/ℎ = 𝑡𝑟𝑎𝑝 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑎𝑡 𝐿𝑈𝑀𝑂(𝐻𝑂𝑀𝑂)𝑏𝑎𝑛𝑑 𝑒𝑑𝑔𝑒𝑠  

 

The DoS parameters are shown in Table 1 [14], [21]. OSC and IOSC are numerically simulated at 

300K with the AM1.5 spectrum. The software database contains the input parameters for all materials used in 

this work. The key electrical outputs of the solar cells are derived from the J-V characteristics found in the 

calculations. These outputs consist of the PCE, FF, VOC, and JSC. 

 

2.3.  Model calibration 

To calibrate the model, the simulation and experimental study in the cited Zhu et al. [22] was 

referred. From Zhu et al. [22], it is noted that simulation and experimental outcomes were in close 

agreement. To validate the model further, here the simulation as cited in Zhu et al. [22] was reproduced. The 

reproduced results, as depicted in Figure 3 and Table 2, show close agreement with both the original 

simulation and the experimental findings outlined in Zhu et al. [22]. This alignment demonstrated the 

successful calibration of the model. 

 

 

  

 

Figure 2. DoS of PM6:L8-BO [14] 

 

Figure 3. Comparison of reproduced J-V curve with 

simulated and experimental results reported in [22] 

 

 

Table 1. Dos parameters 
Materials PM6:L8-BO 

Electrical parameters Values Unit 

Electron trap density 3.8000e26 m3eV-1 
Trapped hole to free electron 2.5000e-20 m-2 

Hole trap density 1.4500e25 m3eV-1 

Free electron to trapped electron 2.5000e-20 m-2 
Electron tail slope  0.04 eV 

Trapped electron to free hole 1.3200e-22 m-2 

Hole tail slope 0.06 eV 
Free hole to trapped hole 4.8600e-22 m-3 

Electron mobility 2.48e-06 m2V-1s-1 

Effective density of free hole states  2.8600e25 m-3 
Hole mobility 2.48e-06 m2V-1s-1 

Relative permittivity 3.8 Au 

Effective density of free electron states 1.2800e27 m-3 
Recombination rate constant 0.0 m3s-1 

Affinity 3.8 eV 

Gap energy  1.46   eV 
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Table 2. Comparison table 
Findings PCE (%) JSC (mAcm-2) VOC (V) FF (%) 

Zhu et al. [22] simulation 16.1 24.0 0.853 78 
Zhu et al. [22] experiment 18.2 25.7 0.888 79.9 

Reproduced simulation (this work) 16.07 23.95 0.853 78 

 

 

3. RESULTS AND DISCUSSION 

The key performance parameters that determine the PCE of the solar cell are summarized below. 

Each parameter reflects a different aspect of device operation, and collectively they provide insight into the 

factors limiting efficiency. A brief explanation of these parameters is provided before discussing the results 

in detail: i) VOC: which is the energy level difference between the potential in the region where the free 

electrons are the majority and the region where the free holes are the majority and ii) JSC: The number of 

photogenerated carriers produced in the active layer during illumination and the efficiency with which 

charges are separated throughout the photoactive layer are the two main factors that define the quantity of 

JSC. Hence, JSC may be changed by adjusting the active layer thickness or by changing the structure that 

results in the lowest usable bandgap [8], [11], [23]. 
 

FF: 
𝑉𝑚 ×𝐼𝑚 (𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑤𝑒𝑟 𝑝𝑜𝑖𝑛𝑡)

𝐽𝑠𝑐×𝑉𝑜𝑐
  

 

Shunt resistance, series resistance, and the rate at which charge recombines or is extracted from the solar cell 

are some of the elements that influence the FF. These factors have a substantial impact on the quality of the 

cell and are entirely related to the VOC, JSC, and active layer morphology [8], [11], [23]. 
 

PCE: 𝑉𝑜𝑐 × 𝐽𝑠𝑐 × 𝐹𝐹 (11) 

 

3.1.    Layer thickness impact: OSC and IOSC comparison 

3.1.1. Impact of active layer thickness 

Each of the layers of the BHJ device is layered on top of one another. It is difficult to enhance the 

device performance because of phenomena such as reflections and interferences in the layers. It is crucial to 

consider the thickness of the PM6:L8-BO, which is the main layer [24]. We examine its thickness because it 

determines the amount of light that the device can absorb. Additionally, the exciton production of the 

thickness determines the primary layer, which is crucial for the device [24]. 

An optimization of BHJ structures was carried out in an extensive study. The active layer (PM6:L8-

BO) thickness was varied throughout the investigation between 100 and 500 nm. Figure 4(a) displays the J-V 

curves, and Figure 4(b) shows electrical outputs for various PM6:L8-BO thicknesses. Interestingly, the J-V 

properties are quite responsive to variations in the active layer thickness. The JSC is directly linked to the 

absorption capacity of the active layer, as was previously noted. The findings show a clear correlation 

between J-V characteristics and active layer thickness. Significant variations in JSC, PCE, and FF are 

observed for both OSC and IOSC as the thickness of the PM6:L8-BO increases, according to observations 

from Figure 4(b). VOC, seems less susceptible to changes in thickness. Diffusion length and absorption have 

an impact on JSC, which is associated with carrier photogeneration and transportation. In OSC and  

IOSC, the optimal JSC thickness is around 200 nm and 250 nm. The maximum current at a given thickness 

indicates an excessive exciton route at higher thicknesses and inadequate absorption at lower thicknesses. 

Smaller thicknesses of 150 nm for OSC and 100 nm for IOSC yield a PCE of 17.43% and 19.95%, 

respectively. Due to series resistance, FF reduces as the thickness of the active layer increases, while VOC 

marginally decreases in both devices from 1.03 to 0.99 V. The efficiency peak occurs at a thickness less  

than that of the current due to different trends in FF and JSC. There was some improvement, as  

the JSC in IOSC was better than in OSC. This distinction can be attributed to variations in light transmission 

and absorption mechanisms between the two configurations. In the OSC structure, light traverses the layers 

sequentially: ITO, PEDOT:PSS, and then finally reaches PM6: L8-BO. In contrast, in IOSC, the sequence is 

reversed, where light first passes through TiOx before reaching PM6:L8-BO. The energy gaps of the 

different materials have an impact on this performance disparity. Compared to PEDOT:PSS, which has an 

energy gap of 1.7 eV, TiOx in IOSC, which has a gap of 3.2 eV, is more transparent to visible light. 

Furthermore, the study considers the absorption properties, which are more efficient than the  

p-component [25]. 

 

3.1.2. Impact of ETL thickness 

The buffer layers, ETL and HTL, are acting as exciton blocking layers (EBL) and to get more 

carriers into and out of the device [12]. The primary objective of this section is to analyze the impact of ETL 
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thicknesses on OSC and IOSC performance. For OSC and IOSC, the PM6:L8-BO maintained an ideal 

thickness of 150 nm and 100 nm, respectively. TiOx was chosen as the first ETL material, and its thickness 

ranges from 10 nm to 50 nm. The resultant J-V characteristics are illustrated in Figure 5(a), which sheds light 

on how the device's performance is affected by the thickness of the ETL. Figure 5(b) shows the electrical 

outputs that were extracted. It also shows how the changes in JSC and PCE are comparable. There are 

parallels between the PCE and JSC variations in OSC and IOSC. Changes in ETL thickness have a remarkable 

impact on OSC performance. In OSC, JSC and PCE increases from 21.27 to 21.71 mAcm-2 and from 17.20 to 

17.43%, respectively. JSC and PCE are higher in IOSC, but do not significantly change as the thickness of the 

ETL increases. Additionally, VOC and FF show very minor variations on both devices. The results align with 

previous findings showing an influence of variation in ETL thickness on OSC [25]-[29]. The observed 

performance difference may be attributed to the positioning of the ETL in the OSC, situated at the top, just 

below the cathode. With illumination provided from the bottom, the OSC benefits from improved 

photocurrent. Achieving this enhancement involved the strategic insertion of TiOx as an optical spacer 

between the BHJ layer and the Al metal electrode. The insertion of TiOx optimizes light absorption within 

the OSC structure, thereby increasing the photocurrent and contributing to the superior performance observed 

in the OSC. 
 

 

  
(a) (b) 

 

Figure 4. Active layer thickness OSC (solid) IOSC (hollow): (a) J-V characteristics and (b) extracted 

electrical outputs 
 
 

  
(a) (b) 

 

Figure 5. ETL thickness impact on OSC (solid) IOSC (hollow): (a) J-V characteristics and (b) extracted 

electrical outputs 
 

 

3.1.3. Impact of HTL thickness 

The study now focusses on the impact of the HTL thickness. The active layer and ETL thicknesses 

are 150 nm and 50 nm for OSC, and 100 nm and 20 nm for IOSC. PEDOT:PSS has been selected as the HTL 

material, and its thickness ranges from 10 to 50 nm. The resulting J-V characteristics are provided in  

Figure 6(a), and the extracted electrical outputs are illustrated in Figure 6(b). In each case, specific thickness 

values were selected according to the best efficiency. In OSC, a slight drop is there in PCE and JSC with 
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increasing HTL thickness. This finding is consistent with the research reported in [27]-[29]. IOSC exhibits a 

little decline from the peak values and does not demonstrate a strong correlation between changes in JSC and 

PCE. HTL thickness has very little influence overall, and both VOC and FF in IOSC are basically unaffected. 

The low hole (majority carriers) mobility in this area is responsible for this discovery, which also explains 

why there is not much of an impact on these electrical outputs. 
 

3.2.  Impact of different ETL materials on photovoltaic performance 

The several materials used in OSCs as the ETL, are examined in this section. ETL is an essential 

component that is positioned between the Al cathode and PM6:L8-BO in OSC and between ITO cathode and 

PM6:L8-BO in IOSC. Important requirements for quality ETL content: should make electron conduction 

easier, serve as a layer that blocks holes, enabling only electrons to transit to the cathode, and increase the 

spatial distribution of light by forming a barrier in the photoactive layer through back reflection [30], [31]. 

The goal of this section is to determine which material best satisfies these requirements to achieve the best 

possible performance from solar cells. The materials proposed for this study include V2O5, ZnO, and TiOx. 

The recovered output parameters are provided in Table 3, and the resultant J-V characteristics are shown in 

Figure 7(a). It is obvious that the best ETL material for OSC is ZnO. ZnO appears to be more suitable as it 

has a wider energy band gap, which improves light transmission. Its affinity to ITO aligns well with the 

requirements of the device. TiOx is better suited for IOSC, where the cathode is simple metal (Al) and the 

ETL is located at the back, because of its suitability for electron injection and collection in these particular 

circumstances. 
 

3.3.  Impact of different HTL materials on photovoltaic performance 

The following are the selected HTL materials from other publications in this section: CU2O, P3HT, 

and PEDOT:PSS. Table 4 lists the recovered electrical outputs, and Figure 7(b) shows the J-V characteristics. 

Cu2O, the HTL with the best performance in OSC, yields a PCE of 20.12%. Cu2O ensures effective light 

transmission due to its high band gap energy, strategically positioned on the illuminated substrate side (ITO). 

The improved performance is due to a larger energy barrier between the PM6:L8-BO LUMO level and the 

HTL conduction band. Furthermore, the improved alignment of the PM6:L8-BO HOMO level with the HTL 

valence band improves hole collection and electron blocking at the interface. CU2O produces an optimal 

efficiency of 21.21% in IOSC, ascribed to the high work function of PEDOT:PSS, efficient hole transport, 

high electrical conductivity, transparency in the visual range, and excellent matching with the HOMO level 

of frequently employed donor polymers [32]. 
 

 

  

(a) (b) 
 

Figure 6. HTL thickness impact on OSC (solid) IOSC (hollow): (a) J-V characteristics and (b) extracted 

electrical outputs 
 
 

Table 3. Impact of different ETL materials on photovoltaic performance 
Parameters Voc (V) Jsc (mA/cm2) FF (%) PCE (%) 

OSC TiOx 1,029 23.78 77.85 19.05 
ZnO 1,029 23.87 77.89 19.13 

V2O5 1,027 22.31 78.30 17.94 

IOSC TiOx 1,039 25.09 82.40 21.49 
ZnO 1,039 24.99 82.41 21.41 

V2O5 1,027 15.60 83.34 13.35 
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Table 4. Impact of different HTL materials on photovoltaic performance 
Parameters Voc (V) Jsc (mA/cm2) FF (%) PCE (%) 

OSC PEDOT:PSS 1,029 23.87 77.89 19.13 
CU2O 1,030 25.13 77.70 20.12 

P3HT 1,027 22.88 78.06 18.36 

IOSC PEDOT:PSS 1,039 25.09 82.40 18.61 
CU2O 1,039 24.77 82.39 18.93 

P3HT 1,039 24.32 82.46 18.82 

 

 

  
(a) (b) 

 

Figure 7. J-V characteristics of OSC (solid) and IOSC (hollow): different (a) ETL materials and  

(b) HTL materials 

 

 

3.4.  Impact of multilayer on photovoltaic performance 

In earlier parts, ITO was deployed as substrate, acting as the bottom electrode while the top 

electrode was a simple metal. Various studies have offered that cell performance can be improved by using 

multilayer electrodes in place of single layer electrodes and by adjusting their ETL (or HTL) [33]. In this 

stage, the top electrode metals, Al for OSC and Ag for IOSC, are kept, while multilayer electrodes are 

introduced at the bottom, facing the light. Simplified depictions of OSC and IOSC using the suggested 

multilayer electrodes are illustrated in Figures 8(a) and 8(b). 

 

3.4.1. TCO/TiOx/ZNO as bottom electrode 

The first oxide layer is FTO, whereas the thicknesses of the TiOx and ZnO layers remain fixed at  

50 nm (OSC) and 20 nm (IOSC). Thinner FTO has less effect on light absorption. Substitute oxides such as 

ITO and ZnO are used in place of the FTO material. For OSC and IOSC, J-V characteristics are depicted in  

Figure 9, and figures of merit are compiled in Table 5. ZnO increases OSC and IOSC efficiency to 19.00% 

and 21.60%, respectively. In OSC, electron collection is solely controlled by energy level alignment at the 

top, while effective transmission at the bottom is crucial. In contrast to IOSC, where hole collection at the top 

is slower, OSC electron collection is more sensitive to top electrode parameters because electrons have 

greater mobility than holes. 

 

 

  
(a) (b) 

 

Figure 8. Simulated multilayered bottom electrode structure: (a) OSC and (b) IOSC 
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Figure 9. J-V characteristics of different TCO in TCO/TiOx/ZNO 

 

 

Table 5. Effect of different TCO in TCO/TiOx/ZnO 
Structure Electrodes Voc (V) Jsc (mA/cm2) FF (%) PCE (%) 

OSC FTO/TiOx/ZnO 1,028 23.97 78.03 18.42 

ITO/TiOx/ZnO 1,028 22.25 77.98 18.65 
ZnO/TiOx/ZnO 1,028 23.70 77.90 19.00 

IOSC FTO/TiOx/ZnO 1,039 25.03 82.41 21.44 

ITO/TiOx/ZnO 1,039 24.79 82.43 21.24 
ZnO/TiOx/ZnO 1,039 25.21 82.38 21.60 

 

 

4. CONCLUSION 

In conclusion, this research, conducted using OghmaNano software, aimed to comprehensively 

explore the electrical parameters of OSC and IOSC featuring the active layer PM6:L8-BO. The investigation 

covered a range of variables, including active layer thickness, ETL and HTL characteristics, and the use of 

multi-thin layer electrodes for simulations. These analyses provided crucial insights into the factors 

influencing the performance of OSC and IOSC. The study revealed that the thickness of the active layer 

significantly affects PM6:L8-BO-based OSC and IOSC, while the ETL and HTL thicknesses and materials 

play vital roles. The choice of ETL material demonstrated a notable impact on both OSC and IOSC, whereas 

the HTL material had a minor influence on IOSC. Moreover, the study introduced a TCO/TiOx/ZNO multi-

thin layer as a bottom electrode. Efficiency highlights showcased the most effective OSC configuration, 

achieving an efficiency of 20.12% with the ITO/CU2O/PM6:L8-BO/ZnO/Al structure. Another 

configuration, employing the ZTZ/PM6:L8-BO/ZnO/Al structure with ZTZ as a tri-layer bottom electrode, 

demonstrated a slightly lower efficiency of 19%. IOSC configuration, achieving an efficiency of 21.43% 

with the Ag/PEDOT:PSS/PM6:L8-BO/TiOx/ITO structure. Another configuration, employing the 

Ag/PEDOT:PSS/PM6:L8-BO/ZTZ structure with ZTZ as a tri-layer bottom electrode, demonstrated a 

slightly lower efficiency of 21.60%. The research suggests that exploring alternative materials, instead of 

ZTZ, holds promise for enhancing efficiency. While these findings contribute valuable insights, it's essential 

to recognize certain limitations. Further study is needed to resolve these limitations and broaden the 

application of the existing findings. As a whole, this study expands our knowledge of OSC and IOSC 

performance and offers avenues for future research and practical applications in the field of OSCs. 
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