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Study on Enhancement Effects of a Grating Electrode in
Organic Solar Cells
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(1 College of Physics and Electronic Engineering, Leshan Normal University, Leshan , Sichuan 614000, China)
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Abstract There is a significant mismatch between the optical absorption properties and electrical transmission
properties in organic active layer, this contradiction is regarded as a main reason for limiting the conversion efficiency
of organic solar cells (OSC). Fortunately, plasmonic light trapping has emerged as an effective technology to
overcome this mismatch. Metal gratings are embedded in OSCs as bottom electrodes, and an OSC structure based on
plasmonic grating electrode is proposed. Furthermore, optical field distributions in OSCs are numerically investigated
by finite difference in time domain, and the plasmonic enhancement effects of metal gratings are analyzed. The
results show plasmonic gratings have excellent light trapping ability and response to incident angle, so there is
obvious light absorption enhancement in active layer.

Key words optical devices; light trapping structure; finite difference time domain; organic solar cells; surface
plasmons
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Fig. 1 Schematic diagram of OSCs. (a) Flat device without grating; (b) device with a bottom grating
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Fig. 2 Refractive index (1) and extinction coefficient (k) of organic active layer (P3HT: PCBM)
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Fig. 3 Energy distributions of the electromagnetic field in OSCs. (a) Flat device without a grating;
(b) device with a bottom grating
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Fig. 4 Energy distributions in OSCs according to wavelength. (a) Flat device without grating; (b) device with

a bottom grating
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Fig.5 Relative intensity distribution in OSCs. (a) P3HT:PCBM (80 nm); (b) P3HT:PCBM (100 nm)

JRJR R RERANK . B F 100 nm Al 80 nm {if P2 R OSC #3438 5% P 1 JL-T- #H )« P50 AR5 296 BILAE Bt S

(B RE A 1 £ BE SR >R 80 nm (3 PEJ2 5 HLPE A LG L PRLHGHE R 2 EE X G )2 0 80 nm (Y H it g
K 6 o TIEPEZIERE 438 80 nm A1 100 nm B, 35 7 J2 H A X BE & /0 A F K 940 A . WL 6Ca)
T 6 (b) Al &, BA 25 79 OSC %% F BY AR X6 5 13 il 2k CIE €0 il 28D W 5 2 2% 2% 1 10 A0 X 5
CLL i 2O A AR LE  BAFAEZY 50 nm £08%5 . 3X 5 FT i B 4 Fr 2 A i 45 R AEAF . 80 nm 1% P )2 i il &

WE{E M2 660 nm F£FE 710 nm [ff T, 100 nm 3542 # il 2R IE(E 25 700 nm £ ZE 750 nm [T

6 IEMEEPREEMAENTREE ., (a) PSHT:PCBM (80 nm); (b) P3HT:PCBM (100 nm)
Fig. 6 Relative intensity distribution in active layer. (a) P3HT:PCBM (80 nm); (b) P3HT:PCBM (100 nm)
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Fig. 7 Relative intensity distribution in OSCs under different incident angle
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