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Abstract— Polymer-fullerene-based bulk heterojunction (BHJ) solar cells have many advan-
tages including low-cost, low-temperature fabrication, semi-transparency, and mechanical flexi-
bility [1, 2]. However, there is a mismatch between optical absorption length and charge transport
scale [3, 4]. These factors lead to recombination losses, higher series resistances and lower fill fac-
tors. Attempts to optimize both the optical and electrical properties of the photoactive layer in
organic solar cells (OSCs) inevitably result in a demand to develop a device architecture that can
enable efficient optical absorption in films thinner than optical absorption length [5, 6]. Here, we
report the use of multiple metallic nanostructures to achieve the broad light absorption enhance-
ment, increased short-circuit circuit (Jsc) and improved fill factor (FF) simultaneously based on
a new small-bandgap polymer donor of poly {[4,8-bis-(2-ethyl-hexyl-thiophene-5-yl)-benzo[1,2-
b:4,5-b’]dithiophene-2,6-diyl]-alt-[2-(2-ethyl-hexanoyl)-thieno[3,4-b]thiophen-4,6-diyl]} (PBDTT-
T-C-T) in BHJ cells [7]. The multiple metallic nanostructure consists of 2D arrays of metallic
nanograting electrode as a back reflector and metallic nanoparticles (NPs) with different ge-
ometries embedded into the active layer. Apart from the waveguide modes and diffractions, we
simultaneously introduce hybridized surface plasmonic resonances (from Ag nanograting) and
localized plasmonic resonances (from Au and Ag NPs [8]) to successfully achieve a broadband
absorption enhancement. The detail understanding has been described with our theoretically
studies. Consequently, we improve PCE to ∼9% [9] by improving both optical and electrical
properties of single-junction OSCs through introducing dual plasmonic nanostructures which
contribute to the practical application of OSCs for photovoltaics.
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3. Wöhrle, D. and D. Meissner, Adv. Mater., Vol. 3, 129, 1991.
4. Blom, P. W. M., V. D. Mihailetchi, L. J. A. Koster, and D. E. Markov, Adv. Mater., Vol. 19,

1551, 2007.
5. Atwater, H. A. and A. Polman, Nat. Mater., Vol. 9, 205, 2010.
6. Nalwa, K. S., J. M. Park, K. M. Ho, and S. Chaudhary, Adv. Mater., Vol. 23, 112, 2011.
7. Huo, L., S. Zhang, X. Guo, F. Xu, Y. Li, and J. Hou, Angew. Chem. Int. Ed., Vol. 50, 9697,

2011.
8. Li, X. H., W. C. H. Choy, H. F. Lu, W. E. I. Sha, and H. P. Ho, “Efficiency enhancement

of organic solar cells by using shape dependent broadband plasmonic absorption in metallic
nanoparticles,” Adv. Funct. Mat., DOI: 10.1002/adfm.201202476.

9. Li, X., W. C. H. Choy, L. Huo, F. Xie, W. E. I. Sha, B. Ding, X. Guo, Y. Li, and J. Hou, Adv.
Mater., Vol. 24, 3046, 2012.


