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New Progress in the Device Physics of Polymer—fullerene Solar Cells
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Abstract The efficiencies of polymer-fullerene solar cells (PSCs) have now exceeded 10% and are approaching 15% which
is the criterion for commercial production. With the increase of the efficiency of organic solar cell, the field has drawn lots of
interest. In this review, we present a detailed description on the operating principles of PSCs and an overview of recently
developed techniques and new designs that improve the commercial merit of the final product. Firstly, the principles of key
steps, including photo-absorption, creation of charge-transfer (CT) state, photocurrent generation and collection, which
strongly influence the device performance such as the short circuit current, open circuit voltage, fill factor and overall efficiency
are identified, as well as the methods to improve these parameters and the relationship among the work steps of PSC. Theo-
retical analysis to the up-to-date experiments leads to the novel descriptions of the photocurrent generation, such as the hot
exciton dissociation and non-integer-order recombination. The former one highlights that excess energy of exciton dominates
the dissociation yield, and the later one is related to the disorder property of organic solar cells. Secondly, we review advanced
techniques for boosting the device performance, which include the employment of inverted structures, plasmonic effects of
metal nano-particles, tandem cells and ternary blends. Recent experiments demonstrate proper combinations of these strategies
are required to achieve higher efficiencies of PSCs. Comprehensions of device physics in semiconducting polymers is neces-
sary to optimize the performance of polymeric solar cells, which would require researches focusing on the synthesis, charac-
terization, design and simulation of organic semiconductors. Toward a better understanding of the microscopic working
mechanism of high-efficiency PSCs, multi-perspective investigations combined with first-principle calculation such as the
density functional theory (DFT) are necessary to provide the detailed information at the donor/acceptor interface.
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Table 1 The highest independently confirmed efficiencies for organic
solar cells in the recent five years

EG BHI%  J/(mAscm ) VoV HFE 1%
2008 5.15£03 9.39 0.876 62.5
2009 6.4+0.3 16.7 0.585 65.5
2010 8.3+0.3 14.46 0.816 70.2
2011 10.0£0.3 16.75 0.899 66.1
2012 10.7£0.3 17.75 0.872 68.9
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Figure 1 The configuration of (a) bi-planar and (b) bulk heterojunction
organic solar cell
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Figure 2 The structures of the commonly used chemical compounds are presented. Compounds in the first three lines function as donors, which have
conjugate structure, and the rests function as acceptors have relatively higher electron affinity
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Figure 4 The /-V curves of P3HT:PCBM. Structure A: ITO/PEDOT:
PSS/P3HT-PCBM/Ca/Al, Structure B: ITO/PEDOT:PSS/BCP/P3HT-
PCBM/Ca/Al, Structure X: ITO/PEDOT:PSS/BCP/P3HT:
PCBM/V205/AI". [Original citation]-Reproduced by permission of
American Institute of Physics.
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Table 2 The relation between the ratio of P3HTT-DPP and P3HT75-co-EHT25:PCBM and parameters of the PHTT-DPP:P3HT75-co-EHT25:PCBM

J64

solar cel
P3HT-DPP-10% : P3HT7s-co-EHT»s : PCs;BM Jsc/(mAecm ") Voc/V FF n/%
1:0:13 14.38 0.574 0.62 5.07
09:0.1:1.1 15.05 0.603 0.61 5.51
08:02:1.0 14.60 0.608 0.61 5.37
0.7:03:1.0 11.54 0.614 0.59 4.15
06:04:1.0 11.19 0.619 0.59 4.12
05:05:09 10.89 0.622 0.59 4.00
04:06:09 10.19 0.626 0.59 3.74
03:07:08 9.77 0.633 0.59 3.64
02:08:0.8 8.57 0.639 0.60 3.27
0.1:09:09 8.25 0.646 0.59 3.10
0:1:08 7.96 0.675 0.59 3.16
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Figure 5 The active layers with different plasmonic structure. (a), (b),
(c) Novel organic solar cells with plasmonic effect: (a) the metal
nanoparticles embedded in the activelayer. (b) nano-structure electrode

such as grating. (c) the nanoparticle embedded in the hole-conducting
substrates
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Figure 6 Current-voltage curves of the inverted organic solar cell with
dual nanostructure using different nano-parameters. When the diameter of
silver nano-particle is 50 nm and the grating periodicity is 750 nm, the
device gain the highest short-circuit current and fill-factor thus the effi-
ciency™!. [Original citation]-Reproduced by permission of John Wiley
and Sons
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Figure 7 The configuration of tandem active-layer. Between two sub-
cells, there is a interlayer which collects the charger carriers from the two
sub-activelayer making charger carriers get to electrodes respectively
without shunts
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