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Fig. 3. Graph of electrical currents moving 
vertically throughout a sample BHJ. 
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Future Research
•Morphologies that reduce charge recombination

•Percentage pairs between 55%-45% and 65%-35% in uniform 
samples

Results and Conclusion

Fig. 4. Net power densities of various uniform 
samples, ten samples per P-N percentage pair

Organic Solar Cells

Sample OSC bulk-heterojunctions (BHJs) were modeled in
MATLAB using a three-dimensional resistor-diode network
and the Jacobi iterative method, and their net power
outputs per unit area calculated.

Fig. 1. Physical structure of an OSC and its bulk-heterojunction.

Fig. 2. Charge transport within P or N materials modeled as a
resistor, with conductance G; Charge transport between P and
N materials modeled as a diode.
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Due to their high flexibility, short energy payback times

and low manufacturing costs, organic solar cells (OSCs) are

an attractive subject of present photovoltaics research.1-3

Presently, the power conversion efficiency (ratio of output

power to input power) of organic solar cells is much lower

than that of traditional silicon photovoltaics3,4 This value

can be increased by designing OSC bulk-heterojunctions of

favorable morphology (internal structure)4. The precise

arrangement3 and proportions of donor (P-type) and

acceptor (N-type) materials needed are as yet unknown,

and form the subject of our research.

Bulk-Heterojunction Model
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• Uniform sample, single P-N percentage pair
• Gradient sample, linearly varying P-N percentage pair
• Capped sample, two P-N percentage pairs

Uniform Gradient Capped

Z
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One-dimensional Jacobi iterative equations (resistors only): 

Implementation of the Jacobi iterative method in the BHJ
power flow model required a sufficiently large number of
iterations to achieve valid data. The Jacobi iterative
equations in three dimensions were subjected to 8000 or
more iterations to provide the conservation of current (Fig.
3, horizontal blue line) required by Kirchhoff's Junction Rule.

𝑉𝑗 =
𝐺𝑗−1𝑉𝑗−1 + 𝐺𝑗𝑉𝑗+1

𝐺𝑗−1 + 𝐺𝑗

𝐼𝑖 = 𝐺𝑖(𝑉𝑖+1 − 𝑉𝑖)

BHJ Sample Types
• P and N conductivities are determining factor of 

best percentage pair(s) in uniform samples. 
• Equal P-N percentage pairs in the ends of capped 

samples provide direct charge transport to 
electrodes. 

• Low PCE in gradient samples likely due to high 
charge recombination rates.

• Uniform samples: 60%-40% P-N percentages
gave highest mean net power densities for given
conductivities of the P and N materials (Fig. 4).
50%-50% and 70%-30% samples performed well
under all tested conductivity constraints.

• Capped samples: Net power densities of the
50%-50%--60%-40%--50%-50% capped BHJ were
nearly identical to those of the 60%-40% uniform
sample.

• Gradient samples: Inferior net power densities.


