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improvement in FF by doping the P3HT layer with ferro-
electric dipoles. They have shown localized enhancement in
electric field after doping, which causes the FF improvement.
Thus, molecular doping of the donor and acceptor layers is a
promising method for the formation of CI. The other promis-
ing approach for embedding the CI in the BHJ cells involves
mixing a small amount of appropriate additives in the absorbing
materials. For example, Chen et al. [12] has recently shown that
adding a small amount of a polymeric additive (PFLAM) in the
typical P3BHT:PCBM cells improves the FF of the device. Lobez
et al. [39] has recently proposed many side chain functionalized
polythiophene additives, which improve the OPV performance.
Similarly, treating the polymers with either electrophiles or nu-
cleophiles in the solution can introduce fixed charges in the
interfaces as discussed by Liang et al. [40]. Recently, many
groups have shown that the incorporation of a thin ferroelectric
film [16] or a surface-segregated monolayer (SSM) of fluori-
nated compound between the D—A layers [17] can set up an
interfacial dipole moment, which not only increases the interfa-
cial field but alters the optical gap at the interface as well. The
fabrication technique (contact film transfer) associated with the
SSM formation is currently restricted to PHJ cells; however,
given the potential improvement in FF, a generalization of the
approach should be explored for BHJ-OPV.

V. CONCLUSION

In summary, we have demonstrated that it is possible to re-
alize very high FF (>0.80) in low-mobility organic solar cells
by incorporating a fixed charge layer at the D—A interface. The
fixed charges at the interface create an interfacial field that de-
pletes the interface of free carriers and, hence, reduces the car-
rier recombination. We have provided a quantitative estimate of
the charge density required for high-FF cells and discussed the
potential strategies for the implementation of the concept for
conventional OPV devices. In general, this paper motivates the
future OPV material design based on the formation of the dipole
layer at the D—A molecular interfaces.
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