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Organic Solar Cell (1) 

organic solar cell 

monocrystalline silicon solar cell 
amorphous/polycrystalline silicon solar cell 

Advances of solar cell technology 



Multiphysics Modeling and Understanding for Plasmonic Organic Solar Cells Slide 3 

The 33rd Progress In Electromagnetics Research Symposium 

March, 25-28, 2013, Taipei 

. 

Organic Solar Cell (2) 

Thin-film organic solar cell 

 

 low-cost processing 

mechanically flexible  

 large-area application 

 environmentally friendly 

Х low exciton diffusion length 

Х low carrier mobility  
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Organic Solar Cell (3) 

optical absorption 

exciton diffusion charge separation 

charge collection Working principle 

increase interface area 
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Plasmonic Organic Solar Cell 

 Why optical enhancement? 
    The thickness of the active layer must be smaller than the exciton diffusion 

length to avoid bulk recombination. As a result, the thin-film organic solar 
cell has poor photon absorption or harvesting. Plasmonic solar cell is one of  
emerging solar cell technologies to enhance the optical absorption. 

nanoparticles: local plasmon nanograting: surface plasmon 

Could electrical properties of OSCs be affected by introducing the metallic nanostructures? 
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Multiphysics Model (1) 

Schematic diagram 
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Multiphysics Model (2) 

 

 

 

 

 

 

 

 

 

 

Maxwell’s equation 

 

generation rate 

semiconductor equations 

Governing equations 

exciton dissociation probability 

bimolecular recombination rate 

frequency dependent permittivity 

mobility Diffusion coefficients 

optical electric field 

Generation rate 

electron density 

hole density 

electrostatic potential 

electrostatic dielectric constant 
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Multiphysics Model (3) 

Unified finite difference method 

optical properties 

2D wave equations: TE & TM 

spatial step depends on the dielectric wavelength and skin depth of surface plasmons 

periodic boundary conditions 

stretched-coordinate perfectly matched layer 
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Multiphysics Model (4) 

electrical properties 

Poisson equation (Gummel’s method) 

drift-diffusion and continuity equations of electron  

(Scharfetter-Gummel scheme in spatial domain 

semi-implicit strategy in time domain) 

scaling unit 

spatial step depends on 

the Debye length 

time step for stable algorithm 

Dirichlet and Neumann  

boundary conditions 
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Multiphysics Model (5) 

schematic pattern of nanostrip plasmonic cell 

Beyond optical absorption enhancement: facilitating hole collection! 

active layer of 

standard cell 

active layer of 

plasmonic cell 

(a) 

Model settings 

 

active layer 

thickness 

70 nm 

periodicity 

200 nm 

PEDOT:PSS width 

100 nm 

anode 

ohmic 

cathode barrier 

height 

0.2 eV 

hole mobility 

0.1*electron 

mobility 

effective band gap 

1.1 eV 

 

 W.E.I. Sha, W.C.H. Choy*, Y.M. Wu, and W.C. 

Chew, Opt. Express, 20(3), 2572-2580, 2012.  
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Multiphysics Model (6) 

reduce recombination loss 

increase short-circuit current 

improve open-circuit voltage 

boost power conversion efficiency 

 

Characteristic parameters 
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Multiphysics Model (7) 
Dummy case for further illustrating physics (hole transport and collection) 

hole mobility is set to be two order 

of magnitude lower than electron mobility 

J-V curve 

inhomogeneous exciton 

generation significantly affects 

fill factor and 

open-circuit voltage 
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Multiphysics Model (8) 

The nanograting structure v.s. flat standard structure  

Simulation parameters 

W.E.I. Sha, W.C.H. Choy*, and W.C. Chew, Appl. 

Phys. Lett., 101, 223302, 2012.  
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Multiphysics Model (9) 

short-circuit 

open-circuit 

(a) equipotential lines; (b) 

recombination rate; (c,d) 

electron and hole current 

densities.  
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Multiphysics Model (10) 

The grating anode induces nonuniform optical 

absorption and inhomogeneous internal E-field 

distribution. Thus uneven photocarrier generation 

and transport are formed in the plasmonic OSC 

leading to the dropped FF. 

recombination and exciton dissociation 
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