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Comparison between one diode and two diodes model

In this article two diode model has been used extensively to explain the experimental J-V curves 

of fabricated OSC as compared to conventional one diode model. Using both the models 

experimental J-V curves were fitted as shown in Fig. S1. The experimental data at low light 

intensity could not be accurately fitted with one diode model for experimentally determined 

reverse saturation current whereas two-diode fits well (curve in blue color in Fig. S1). This two 

diode model is more suitable due to the diffusion process of the excitons in the organic materials 
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[1, 4]. In OSCs exciton generation and consequently free electrons and holes creation by exciton 

dissociation is important under varying light intensity which affects the ideality factor.
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Figure S1: J-V curve of BHJ OSC. Symbols are for experimental data. Solid lines are fitting 

curves using the two-diode model. Dashed lines are fitting curves using the single-diode model. 



Here, the effect of variation of parameters of both the models (one diode and two diode) on OSC 

performance as a function of irradiance intensity has been investigated. Under varying irradiance 

intensity only a single parameter has been varied at a time keeping all other parameters constant. 

The one diode and two diode model input parameters are listed in Table S1.

Table S1: Initial fitting parameter used for one diode and two diode model

Light 
Intensity
(mW٠cm-2)

RS 

(Ω٠cm2)

RSH 

(Ω٠cm2)

JSC 

(mA٠cm-2)

VOC 

(V)

n m

One diode 10.2 2700 1.84 0.630 2.12 -10

Two diode 10 2750 1.89 0.654 2.12 4.24

One diode 9.75 820 14.53 0.718 2.95 -100

Two diode 9.6 805 14.68 0.720 2.95 6.1

One diode 9.12 285 32.81 0.740 3.26 -233

Two diode 9 260 33.14 0.743 3.26 6.45

Initially, shunt resistance (RSH) effects were investigated under varying light intensities using 

both the models and J-V curves were generated respectively (Fig. S2). The effect of RSH on the 

open circuit voltage (VOC) and efficiency (η) are shown in Table S2 and S4. It can be observed 

that at high light intensity (233 mW٠cm-2 and 100 mW٠cm-2) both the models show appropriate 

fitting with minimal deviation in VOC and η. But at low irradiance intensity of 10 mW٠cm-2, due 

to the small amount of generated currents, the resistive losses (~J2RS) remain insignificant which 

results in larger deviation with the experimental values (deviation in VOC = 6.06% and in η = 

22.01%) by one diode model. Using two diode model we can fit this small amount of generated 



currents more appropriately with minimum change in VOC (1.51% deviation) and η (0.62% 

deviation). Similarly, we investigated the influence of series resistance (RS) on VOC and η. The 

results of the plotted J-V curve (Fig. S3) are summarized in Table S3 and S5 and was concluded 

that two diode model is more appropriate compared to one diode model at varying illumination.

In this analysis it is found that the fitting of the ideality factor using one diode model does not 

match with experimentally extracted value from J-V curve below 1 sun illumination and lead to a 

wrong estimate of carrier recombination as well as reverse saturation current. Two-diode model 

is suitable to explain the experimental results as it matches with experimental data with a 

minimum error. This can be well described by two diode model which includes the dominance of 

recombination saturation current density (J02) at lower biased region as well as dominance of 

diffusion current density (J01) at higher biased region.
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Figure S2: J-V curve of BHJ OSC for varying shunt resistance. Symbols are for experimental 

data. Solid lines are fitting curves using the two-diode model. Dashed lines are fitting curves 

using the single-diode model. 

Table S2: Error analysis for RSH (varied in the range of  150 Ω٠cm2 in order to check the ±
validity of both models) input parameters in term of deviation in VOC of organic solar cell

Light 
Intensity
(mW٠cm-2)

RSH
(Ω٠cm2)

VOC 
(Exp.)
(V)

VOC 
(One-diode)
(V)

VOC 
(Two-diode)
(V)

% 
deviation in 
VOC using 
One-diode

% 
deviation in 
VOC using 
Two-diode

10 2750 0.660 0.62   0.01± 0.65   0.01± 6.06± 1.51±
100 850 0.721 0.72   0.01± 0.72   0.01± 0.13± 0.13±
233 300 0.744 0.74   0.01± 0.742   ±

0.01
0.53± 0.26±



Table S3: Error analysis for RS input parameters in terms of deviation in VOC of organic solar 
cell

Light 
Intensity
(mW٠cm-2)

RS
(Ω٠cm2)

VOC 
(Exp.)
(V)

VOC 
(One-diode)
(V)

VOC 
(Two-diode)
(V)

% 
deviation in 
VOC using 
One-diode

% 
deviation in 
VOC using 
Two-diode

10 10  1± 0.660 0.640  0.01± 0.655   ±
0.01

3.03± 0.75±

100 10  1± 0.721 0.725  0.01± 0.723   ±
0.01

0.55± 0.13±

233 10  1± 0.744 0.747  0.01± 0.743   ±
0.01

0.40± 0.13±
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Figure S3: J-V curve of BHJ OSC for varying series resistance. Symbols are for experimental 

data. Solid lines are fitting curves using the two-diode model. Dashed lines are fitting curves 

using the single-diode model. 



Table S4: Error analysis for RSH (varied in the range of  150 Ω٠cm2 in order to check the ±
validity of both models) input parameters in terms of deviation in η of organic solar cell

Light 
Intensity
(mW٠cm-2)

RSH
(Ω٠cm2)

η 
(Exp.)
(%)

η
(One-diode)
(%)

η
(Two-diode)
(%)

% 
deviation in 
η using 
One-diode

% 
deviation in 
η using 
Two-diode

10 2750 7.95 6.2   0.5± 7.90   0.5± 22.01± 0.62±
100 850 5.52 5.4   0.15± 5.50   0.07± 2.17± 0.36±
233 300 4.40 4.5   0.05± 4.45   0.08± 2.27± 1.13±

Table S5: Error analysis for RS input parameters in terms of deviation in η of organic solar cell

Light 
Intensity
(mW٠cm-2)

RS
(Ω٠cm2)

η 
(Exp.)
(%)

η
(One-diode)
(%)

η
(Two-diode)
(%)

% 
deviation in 
η using 
One-diode

% 
deviation in 
η using 
Two-diode

10 10  1± 7.95 6.40   0.5± 7.92   0.5± 19.49± 0.37±
100 10  1± 5.52 5.45   0.15± 5.53   0.05± 1.26± 0.18±
233 10  1± 4.40 4.56   0.05± 4.42   0.04± 3.63± 0.45±
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