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Organic Solar Cell (1)

Advances of solar cell technology
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Organic Solar Cell (2)

Thin-film organic solar cell

v’ low-cost processing
v mechanically flexible

Ta) g 1 (®)

v’ large-area application I = AT
v environmentally friendly ——r oo
X low exciton diffusion length ~ sitever v cel PRI
X low carrier mobility ———
P 1T0/Glass
Uight

Planar-diffusedPV Cell Inverted PV Cell

The 33" Progress In Electromagnetics Research Symposium
March, 25-28, 2013, Taipei




Multiphysics Modeling and Understanding for Plasmonic Organic Solar Cells

Organic Solar Cell (3)

Working principle
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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.
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Multiphysics Model (1)

Schematic diagram
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Multiphysics Model (2)
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Multiphysics Model (3)

Unified finite difference method

optical properties

spatial step depends on the dielectric wavelength and skin depth of surface plasmons
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Multiphysics Model (4)
Poisson equation (Gummel’s method)
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Multiphysics Model (5)

Beyond optical absorption enhancement: facilitating hole collection!
schematic pattern of nanostrip plasmonic cell Model settings
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Multiphysics Model (6)

Characteristic parameters
Plasmonic J.. (A/m*) V.. (V) MP(W) FF PCE (%)

62.84 0.62 2147 055 2.15
Standard  J. (A/m*) V.. (V) MP(W) FF PCE (%)
41.67 0.61 1403  0.55 1.40
Plasmonic V (V) J(A/m?) (Diss) (%) (Recloss) (%)
SC 0 62.84 66.96 2.62
MP 0.48 44.73 58.97 14.55
ocC 0.62 0 55.47 80.88
Standard  V (V) J(A/m*) (Diss) (%) (Recloss) (%)
SC 0 41.67 66.96 3.18
MP 0.47 30.42 59.19 14.93
ocC 0.61 0 55.75 81.91

»reduce recombination loss
»increase short-circuit current
»improve open-circuit voltage

»boost power conversion efficiency
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Multiphysics Model (7)

Dummy case for further illustrating physics (hole transport and collection)
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Multiphysics Model (8)

The nanograting structure v.s. flat standard structure
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Multiphysics Model (10)
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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.
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TABLE 1II. The characteristic parameters of the standard and plasmonic
) . ) OS5Cs involving short-circuit ., open-circuit voltage V., MP, FF, and PCE.
‘4ﬂl'.l 0.2 0.4 0.6 0.8

Voltage (V) ﬁsc[ﬁ;"n\l\\} Vo (V) MP(W) ﬂ:qufm\ PCE (%)

SC SC MP MP oc ac Standard 75.18 0.706 32.34 60.91 3.23
(Diss) (Rec) (Diss) (Rec) (Diss) (Rec) Plasmonic 85.12 0.719 32.91 53.77 3.29

Standard (%) 69.83 0.88 62.34 9.19 55.69 82.56
Plasmonic (%) 70.52 2.5 63.38 16.63 55.63 9295

recombination and exciton dissociation
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