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Abstract 

Ternary organic solar cells provide greater flexibility in controlling light absorption, 

molecular packing, phase separation, and charge transport. In this work, a MATLAB-

based model is used to investigate a semitransparent D18:L8-BO organic top cell 

optically coupled to crystalline silicon in a four-terminal (4T) tandem configuration. The 

effects of NVN concentration (0–20%) and Ag rear-electrode thickness (3–15 nm) are 

evaluated over a defined parameter range. The highest calculated output is obtained at 

20% NVN and an Ag thickness of 3 nm. Under these conditions, the top-cell power-

conversion efficiency (PCE) reaches 17.95%, while the normalized silicon power 

contribution is 16.58%, giving a total 4T PCE of 34.53%. The average visible 

transmittance (AVT) is 67.16%, and the silicon short-circuit current density is 28.08 mA 

cm⁻². The corresponding light-utilization efficiency (LUE) and figure of merit (FOM) are 

12.05 and 23.19, respectively. These results provide a comparative basis for design 

screening rather than a prediction of fabricated-device performance. Experimental 

validation using a matching semitransparent device is still required. 

Keywords: ternary organic solar cell; semitransparent photovoltaics; static and dynamic disorder; 

average visible transmittance; light-utilization efficiency; four-terminal tandem; crystalline 

silicon. 
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1. Introduction 
Ternary organic solar cells (OSCs) provide an additional degree of freedom for tuning 

light absorption, molecular packing, phase separation, and charge transport [1-4]. By 

selecting an appropriate third component, researchers can alter the active-layer 

morphology and electronic properties beyond what is possible in a binary blend. The 

resulting changes are material- and processing-dependent, so the benefits of ternary 

blending must be evaluated for each specific system.  The D18:L8-BO:NVN blend is 

relevant to this study because a recent experimental report associated NVN incorporation 

with reduced static and dynamic disorder, improved molecular packing and morphology, 

higher photoluminescence quantum yield (PLQY), and lower non-radiative energy loss 

[1]. That study reported a PCE of 20.80% for an optimized opaque ternary device [1]. 

This value is used here only as background context because an opaque cell and the 

semitransparent top cell considered in the present design have different optical 

requirements and device structures. For semitransparent OSCs, PCE alone is insufficient 

as a design criterion: electrical output must be considered alongside visible-light 

transmission [5, 6]. Average visible transmittance (AVT) quantifies the visible 

transmission of a device, while light-utilization efficiency (LUE) combines electrical 

output with AVT under a specified definition [6, 7]. These metrics are useful for 

comparing candidate designs, but their interpretation depends on the wavelength range, 

weighting function, and precise definition adopted. 
Semitransparent OSCs are being explored for applications such as building-integrated 

photovoltaics and smart windows, where power generation must coexist with partial 

transmission of incident light [5, 8]. In a four-terminal (4T) tandem, light transmitted 

through the top cell can be absorbed by the silicon bottom cell. Because the sub cells 

operate electrically independently, the current-matching constraint associated with a two-

terminal tandem is avoided [9]. 
High-performance D18-based OSCs, semitransparent devices employing ultrathin 

metallic electrodes, and organic/silicon 4T tandems have each been investigated 

previously [6, 7, 9-13]. The present study does not introduce a new material, report a 

fabricated device, or claim a validated predictive model. Its contribution is a transparent, 

parameterized screening workflow that varies NVN concentration and ultrathin Ag 

thickness together, estimates the top-cell response and the silicon contribution from 

transmitted light, and reports electrical and transparency-related metrics on a common 

incident-power basis. Reference [13] addresses a MoO₃/Ag/MoO₃ transparent-electrode 

strategy, whereas [9] evaluates selected 4T tandem configurations. Neither study is 

treated as experimental validation of the specific D18:L8-BO: NVN stack considered 

here. The advance claimed here is therefore the integrated comparison procedure and 

explicit accounting of assumptions, rather than a new experimentally established 

mechanism. 

2 .Theory and Methodology 

2.1. Device Structure and Energy-Level Alignment 

The proposed architecture consists of a semitransparent ternary organic top cell 

optically coupled to a crystalline-silicon bottom cell. The top-cell active layer is D18:L8-

BO: NVN and the rear electrode is ultrathin Ag. Transparent electrodes and ultrathin 

metal layers are commonly investigated for semitransparent organic photovoltaics 



Journal of Applied Research in Optics and Laser Technology,Volume 1,Number 1, Summer 2026               

74 

 

because they balance electrical collection against optical transmission [6, 8]. The 

proposed layer arrangement and energy-level alignment are illustrated in Figure 1. 

The modeled top-cell stack is glass/ITO/ZnO/D18:L8-BO: NVN/HTL/Ag. ITO is the 

transparent electrode, ZnO is the electron-transport layer (ETL), and D18:L8-BO: NVN 

is the photoactive layer. The HTL/Ag layers provide hole extraction and form the 

semitransparent rear contact. The bottom cell is represented as a crystalline-silicon 

absorber with a rear metal contact. Because the two sub cells are electrically independent 

in the 4T configuration, their power contributions are calculated separately and then 

added after normalization to the same incident irradiance. 

 

Fig. 1. Schematic of the proposed semitransparent ternary organic solar cell/crystalline-silicon four-

terminal tandem and its energy-level alignment. 

2.2. Optical and Electrical Modeling 

The two swept design variables are NVN concentration (0–20%, in 0.5-percentage-

point increments) and Ag thickness (3–15 nm, in 0.5 nm increments). The wavelength 

grid covers 300–1100 nm at 2 nm intervals, and the incident irradiance is normalized to 

1000 W m⁻² (100 mW cm⁻²). The MATLAB implementation uses prescribed spectral and 

electrical functions. It does not use measured n(λ) and k(λ) data for the complete layer 

stack, an optical fit to measured spectra, or an experimentally calibrated diode model. The 

reported values are consequently conditional on the model assumptions and should be 

interpreted as design-screening estimates, not predictions of device performance. The 

power conversion efficiency is calculated using Equation1 as below.  
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Where SCJ , OCV , FF are the short current density, open-circuit voltage and fill-factor 

respectively. The SCJ  is estimated by integrating the transmitted photon flux weighted by 

an assumed effective silicon external quantum efficiency (EQE) as represented in 

Equation2. Neither this effective EQE nor the top-cell spectral functions represent a 

measured spectrum for the proposed stack. The silicon power contribution is estimated 

using the calculated Jsc,Si together with fixed assumed values of Voc,Si = 0.72 V and FFSi = 

0. 82. 

1.5
, ( ) ( ) ( )                                      sc Si top Si

AM
J q T EQE d    =                                                        (2)                                      

The total 4T PCE is obtained by adding the top-cell PCE and the silicon power 

contribution, each normalized to the same incident irradiance as represented in 

Equation.3. while, LUE is defined here as PCEtop(%) × AVT (fraction), and FOM as 

PCE4T (%) × AVT (fraction). These are dimensionless comparative indices under the 

definitions used in this study. 
                                                                (3)                                            

In Equation.3, the silicon contribution is normalized to the same incident irradiance 

used for the top cell, rather than to the reduced optical power reaching the silicon cell.  

2.3. Disorder Modeling 

Static and dynamic disorder are represented by separate concentration-dependent 

phenomenological descriptors. They are not direct measurements of energetic-disorder 

distributions and have not been calibrated against experimental data for the proposed 

semitransparent stack. Their qualitative form is motivated by the experimental report on 

the opaque D18:L8-BO:NVN system [1] and by work distinguishing static from dynamic 

disorder [14]. Thus, the direction of the trends is a literature-informed modeling 

assumption; the numerical magnitudes are prescribed rather than experimentally 

determined. The NVN concentration, CNVN, denotes the numerical percentage of NVN in 

the ternary active layer and is varied from 0 to 20. The normalized static- and dynamic-

disorder descriptors are defined by Eqs. (4a) and (4b), respectively. 

1 0.55[1 exp( / 5)]                              s NVND C= − − −                                                   (4a)                                                                   
1 0.70[1 exp( / 4)]                             d NVND C= − − −                                                   (4b)                                                                 

The coefficients 0.55 and 0.70 and the characteristic concentration parameters 5 and 4 are 

phenomenological choices that impose saturating decreases in the two descriptors. They 

are not fitted parameters, measured constants, or statistical confidence limits. The 

mobility factor in Eq. (5) is also prescribed.  
1 0.35[1 exp( / 5)]                                 rel NVNC = + − −                                                 (5)                              

Here, μrel denotes the relative mobility factor. The prescribed function represents a 

saturating increase in effective mobility with increasing NVN concentration. 

3. Results and Discussion 
Table 1 summarizes the selected configuration and its modeled performance. Within 

the tested grid, the highest calculated 4T PCE occurs at 20% NVN and 3 nm Ag. This 

point lies at the upper boundary of the NVN range and the lower boundary of the Ag 

4 top siPCE T=PCE +PCE                               
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range. It is therefore the best-performing point within the parameter space examined, not 

evidence of a global optimum outside those limits. 

Table 1. Model-derived performance metrics at the highest-output point within the investigated 

parameter grid. 

 

 

Figure 2 shows the calculated 4T PCE across the NVN–Ag parameter grid. The 

maximum occurs at 20% NVN and 3 nm Ag, on the boundary of the tested ranges.  

 
Fig. 2. Model-estimated 4T tandem PCE as a function of NVN concentration and Ag thickness. The 

axes show NVN concentration (%) and Ag thickness (nm); the color bar reports PCE₄T (%). 

In this parameterized model, changing Ag thickness changes the assumed spectral 

transmission and, consequently, the photon flux available to the silicon cell. At the 

Parameter Optimized value 

NVN concentration 20% 

Ag thickness 3 nm 

Top-cell PCE 17.95% 

Silicon power contribution (incident-

power normalized) 
16.58% 

4T PCE 34.53% 

AVT 67.16% 

LUE = PCEtop × AVT fraction 12.05 

FOM = PCE4T × AVT fraction 23.19 

Jsc,Si 28.08 mA cm⁻² 
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selected point, the calculated AVT is 67.16% and Jsc,Si is 28.08 mA cm⁻². Figure 3 shows 

the model-generated transmission, reflection, and total absorptance spectra used in 

estimating the silicon photocurrent.  
The spectrum is generated from the parameterized functions described in Section 2; it 

is not calculated from measured optical constants for the full stack. It illustrates how the 

model partitions incident light into transmission, reflection, and absorption. The absolute 

spectral values require validation against measured optical data. Figure 4 shows the 

normalized static- and dynamic-disorder descriptors.  

At the selected configuration, the model gives Jsc,top = 26.23 mA cm⁻², Voc,top = 0.8713 

V, FFtop = 0.7982, and an optical/electrode multiplier of 0.9839, yielding a top-cell PCE 

of 17.95%. With the same optical/electrode multiplier but without the prescribed 

disorder-dependent electrical corrections, the reference-model PCE is 15.90%. Relative 

to the published 20.80% opaque-cell benchmark, the modeled top-cell value is lower by 

2.85 percentage points, equivalent to 13.7% of the benchmark value. This comparison is 

not like-for-like because the device architecture and transparency target differ.  
Figure 5 compares the reference and disorder-informed model outputs with the 20.80% 

opaque-device result for context. The difference between the two model states quantifies 

sensitivity to the imposed disorder-related corrections only; it is not a validation of those 

corrections.  

Taken together, the results show how the current parameterized model can rank 

candidate configurations when the same assumptions are applied consistently.  

 

Fig. 3. Spectral transmission, reflection, and total absorptance at 20% NVN and 3 nm Ag.  
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Fig. 4. The normalized static- and dynamic-disorder descriptors as functions of NVN concentration.  

5. Conclusion 
This study presents a MATLAB framework for screening a semitransparent D18:L8-

BO: NVN/crystalline-silicon 4T tandem over NVN concentrations of 0–20% and Ag 

thicknesses of 3–15 nm. Within the tested grid, the highest modeled 4T PCE is 34.53% 

at 20% NVN and 3 nm Ag, with AVT = 67.16%. At this point, the modeled top-cell PCE 

is 17.95%, the silicon contribution normalized to the incident irradiance is 16.58%, and 

Jsc,Si is 28.08 mA cm⁻²; LUE and FOM are 12.05 and 23.19 respectively. The optical 

inputs and disorder functions are phenomenological and have not been calibrated against 

a measured semitransparent device. The results should be used to compare candidate 

designs under stated assumptions, not as validated predictions of device efficiency. 

Experimental validation with a matched semitransparent D18:L8-BO: NVN device is a 

necessary next step. 
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Fig. 5. Top-cell PCE from the reference and disorder-informed model states, alongside the published 

20.80% opaque-device benchmark [1].  
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