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Abstract: We have modelled theoretical incident photon-to-current electricity (IPCE) action spectra of poly 

(3-hexylthiophene) (P3HT) and [6, 6]-Phenyl C61 butyric acid methyl ester active layer bulk-heterojunction. By the 

two-dimensional optical model of a multilayer system based on the structure of Glass substrate /SiO2/ITO/PEDOT: 

PSS/P3HT: PCBM(1:1)/Ca/Al, the optical responses of the device have been computed for different photoactive 

layer and Ca layer thicknesses to found an optimal structure which allows obtaining the maximum absorption 

localized in the active layer and high device performance. The electric field intensity, energy dissipation, generation 

rate, and IPCE have been computed to enhance the device's performance. The finite element method executes the 

simulation under an incident intensity of 100 mW/cm2 of the 1.5 AM illumination. It was found that the optimum 

structure is achieved by a 180 nm photoactive layer and 5 nm Ca layer thicknesses. 
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1. INTRODUCTION 

Organic solar cells (OSCs) have attracted 

considerable attention due to their properties and 

advantages, such as flexibility, low cost, 

lightweight, and large-area production [1-3]. The 

progress in this type of energy knows an increase 

in the last layer from the small molecular solar 

cell [4] and bi-layer solar cells [5] to bulk 

heterojunction (BHJ) polymer, in which the 

blended composite is a mix of donor and acceptor 

materials, which is allowed to configure large 

phase-separated interface area and high the 

probability of exciton dissociation [4]. Among the 

BHJ polymers that exhibit an essential efficiency, 

the P3HT and PCBM donor and the acceptor 

materials, respectively, up to 3-5% [6]. However, 

the efficiency is still low compared to other solar 

cell types, which know rapid efficiency growth 

and stability similar to perovskite solar cells [7]. 

Several studies address improving the efficiency 

of OSCs; Waqas et al. studied [8] two distinct 

topologies of thin-film OSCs employing various 

materials. Their main objective is to optimize the 

thickness of the active layers to achieve optimal 

sunlight absorption. The results indicate that a 

thickness of 200 nm effectively covers the visible 

spectrum, leading to enhanced efficiency. The 

study emphasizes the substantial absorption of 

photons in the active region and demonstrates a 

0.97% efficiency advantage for the structure 

based on fullerene. 

Other theoretical approaches have focused on 

understanding the principle of function of the 

OSCs to enhance their efficiencies, as our 

previous study [9], in addition to some important 

works of D. D. Y. Setsoafia et al. [10], and X. 

Zhao et al. [11], which are based on applied 

optical and electrical models. The previous 

investigations were conducted to optimize the 

thickness of the blend layer. A direct correlation 

was discovered between the growth of active 

layer thicknesses and the improvement in light 

absorption, as well as a decrease in the strength of 

the electric field resulting from reduced exciton 

dissociation and charge collecting [9-11]. 

Yue Zang et al. [12] study microcavity OSCs 

incorporating photoactive layers to improve light-

harvesting efficiency. They optimize device 

designs using optical simulations and discover 

that microcavity OSCs with a ZnO/Ag/ZnO 

electrode have lower photocurrent than ITO-

based devices for layers above 800 nm. Despite 

this, they suggest a top-illuminated microcavity 

architecture for narrow bandgap systems with 

ITO-like photocurrent. Their discoveries help 

optimize microcavity effects, notably in non-

fullerene systems, for highly efficient large-area 
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flexible OSC devices. 

In this paper, an optical model has been proposed 

to predict the optical responses and IPCE of the 

device using simple analytical equations. To 

achieve higher performance of the device, we 

applied numerical modelling of a structure based 

on glass substrate/SiO2/a transparent Indium  

Tin Oxide (ITO)-electrode/Poly(3,4-ethylene 

dioxythiophene) poly(styrene sulfonate) 

(PEDOT: PSS)/bulk heterojunction blend of 

poly(3-hexylthiophene) mixed with [6,6]-Phenyl 

C61 butyric acid methyl ester (P3HT: PCBM) 

(1:1) as photo-active material/Calcium (Ca)/ 

backside contact of aluminum (Al) as shown in 

Fig. 1. Simulations are performed using the finite 

element method with COMSOL Multiphysics 

[13]. 

 
Fig. 1. Schematic diagram of OSC device based on 

P3HT: PCBM Blend. 

2. MODEL 

To evaluate the optical responses of the device, 

the input of the optical simulation is needed as the 

intensity of incident light for a range of 

wavelengths, which can be obtained by 

approximating the Guangyong Li et al. [14] 

proposed that the irradiation of the standard solar 

AM1.5 is a blackbody radiator, as mentioned in 

the flowing equation: 










                    (1) 

Where (I0) is the monochromatic light source 

intensity as a function of the wavelength (λ), (h) 

is the Planck constant, (kB) is the Boltzmann 

constant, (c) is the velocity of light in vacuum, 

and (T) is the temperature. In addition to the 

incoming light propagation excitation, which 

penetrates the device through the glass 

substrate/SiO2 side towards the Al electrode by a 

normal incidence (0 deg) under the form of 

transmission and reflection simultaneously in the 

range between 300 to 800 nm wavelengths, all 

complex refractive index parameters of the device 

layers must be defined [11]. 

The Optical indices n (λ) and extinction 

coefficients k (λ) of the P3HT: PCBM Blend 

OSCs on function wavelength used in this 

contribution are given from [14]. As well as to the 

optical constants of PEDOT: PSS, ITO, Ca, and 

Al, are obtained from [14-16]. Also, the 

thicknesses of the device structure are suggested 

as 1 mm glass substrate/10 nm SiO2/ITO  

(110 nm)/40 nm of PEDOT: PSS/(x nm) various 

thicknesses active layer P3HT: PCBM with a ratio 

of (1:1)/(x nm) various thick of Ca/80 nm a 

sufficient thick Al back contact. 

The optical model used in this study is based on 

the parameters described in the previous section, 

which has already been explained in good detail 

in [9], here it is very briefly described. However, 

the exciton generation rate per unit volume, G(r), 

at point r= (x, y), can be precisely determined 

using the following equation [9]: 

   





 

                     (1) 

Where Q(z, λ) is the average of the energy 

dissipation per unit of time at the position z under 

wavelength λ. 

3. RESULTS AND DISCUSSION 

Device performance is dependent on optical 

responses such as the electric field intensity and 

optical absorption inside the device. These 

responses allow us to predict the value of the 

generation of photo-induced excitons. The optical 

model, as described in the previous section, 

simulates this process. 

3.1.  Electrical Field Intensity 

Fig. 2 shows the distribution of the square 

modulus of the electric field amplitude inside the 

device on the function of the various thicknesses 

of the Ca layer under different wavelengths of 400 

nm and 500 nm of light.  
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In the first case of 20 nm Ca thickness and under 

400 nm wavelength, the maximum electric field 

intensity reached is around 25 (a.u) located in 

P3HT: PCBM layers and then continuously 

decreases down to Ca layer, finally equal zero in 

the Al layer due to the optical interference [9] as 

shown in Fig. 2a.  

In the second case for 5 nm Ca thickness, an 

increase of 25% in the value of the electric field 

intensity reaches around 30 (a.u), with 

localization at the position between PEDOT: PSS 

and P3HT: PCBM in the device as shown in Fig. 

2b. Finally, the same observation has been 

obtained in the case of 500 nm wavelength as 

shown in Fig. 2c and Fig. 2d. 

3.2. Energy Dissipated 

As shown in Fig. 3a and Fig. 3b, the profiles  

of the energy dissipated in the device with 5 nm 

Ca thickness were calculated under 400 nm  

and 500 nm wavelengths in the solar spectrum, 

which are calculated from the equations 

mentioned in the optical model of D. D. Y. 

Setsoafia et al. [10]. 

3.3. Generation Rate 

Fig. 4, shows the evolution of the total generation 

rate profiles versus different active layer 

thicknesses (55 and 180 nm), with a structure 

solar cell based on the 5 nm Ca thickness layer 

under 650 nm wavelength. Equation 2 gives the 

generation rate profile.  

We can show that total generation rate profiles 

take values differently depending on the 

thicknesses of the active layer and with an 

oscillator behavior. For example, a value of 1.27 

e28 (cm-3 x s-1) has been obtained in the case of 55 

nm active layer thickness, then increases up to 1.5 

e28 (cm-3 x s-1) for 180 nm active layer thickness 

due to the interference effects, this is in agreement 

with the results reported by several researches  

[9, 17]. 

 
Fig. 2. Distribution of |E|2 inside the device, as a function of different Ca layer thicknesses (20 nm and 5 nm) in 

400 nm (a, b) and 500 nm (c, d) wavelengths. 
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Fig. 3. Distribution of the dissipated energy versus the thicknesses of the solar cell with 5 nm Ca. 

 
Fig. 4. Profiles of generation rate for various 55 and 180 nm blend thicknesses and 5 nm thick Ca under 650 nm 

wavelength. 

3.4. IPCE 

The IPCE represents the spectral response and 

generation rate (%) of conversion of the light 

intensity to electron-hole pair and was calculated 

to evaluate the optical response of the device 

performance on function the wavelengths for two 

standard structure devices (55 and 180 nm) of 

P3HT: PCBM thicknesses with 5 nm Ca thickness 

as shown in Fig. 5. Similar behavior has been 

obtained for two cases, with a maximum response 

reaching 1.05 at 550 nm wavelength. However, a 

significantly higher IPCE response of 

approximately 16% has been achieved for the 180 

nm case compared to the 55 nm case. This 

discrepancy in IPCE values can be attributed to 

various factors, including the highest electric field 

intensity, generation rate, losses due to high 

reflection and low absorption responses, and the 

influence of charge recombination [18].  

 
Fig. 5. IPCE values of P3HT: PCBM blend various 

thicknesses with 5 nm Ca thickness at wavelengths 

Additionally, it can be demonstrated through 

IPCE spectra that within the lower wavelength 

 [
 D

O
I:

 1
0.

22
06

8/
ijm

se
.3

46
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
er

c.
iu

st
.a

c.
ir

 o
n 

20
25

-1
1-

07
 ]

 

                               4 / 6

http://dx.doi.org/10.22068/ijmse.3462
https://merc.iust.ac.ir/ijmse/article-1-3462-en.html


Iranian Journal of Materials Science and Engineering, Vol. 21, Number 2, June 2024 

5 

range of 350-500 nm, distinct differences in IPCE 

responses have been observed between the two 

cases, corresponding to the high and low 

absorption spectra. This is followed by a sharp 

decrease at higher wavelengths, specifically in the 

600 to 800 nm range, which can be attributed to 

the high reflection, as previously mentioned in 

other studies [9]. 

4. CONCLUSIONS 

In summary, the effects of each P3HT: PCBM and 

Ca film thickness on the performance of the OSCs 

were investigated. Hence, the optical modelling 

was applied to place the maximum electric field 

at the interface of the P3HT: PCBM active layer. 

In addition, it is found that the optical interference 

effect significantly influences performance. The 

probability that all photons absorbed within the 

P3HT: PCBM active layer may contribute to the 

charge generation is highest with a 5 nm Ca 

structure due to the high dissipated energy in the 

P3HT: PCBM blend, which is related to the high 

values of electric fields intensity under the effect 

of the optical interference. The generation rate for 

5 nm Ca and various active layer thicknesses have 

been computed. The high value of IPCE is 1.05 

for the 5 nm Ca thickness and 180 nm P3HT: 

PCBM thickness at 550 nm wavelength, which 

allows us to predict it is the optimal structure for 

the device's high performance. 
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