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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 P3HT: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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performance of P3HT–fullerene solar cells with side-chain-functionalized
poly(thiophene) additives: A new paradigm for polymer design,” ACS
Nano, vol. 6, pp. 3044–3056, 2012.

[40] K. S. Nalwa, J. A. Carr, R. C. Mahadevapuram, H. K. Kodali, S. Bose,
Y. Chen, J. W. Petrich, B. Ganapathysubramanian, and S. Chaudhary,
“Enhanced charge separation in organic photovoltaic films doped with
ferroelectric dipoles,” Energy Environ. Sci., vol. 5, pp. 7042–7049.

[41] Z. Liang, A. Nardes, D. Wang, J. J. Berry, and B. A. Gregg, “Defect
Engineering in π-Conjugated Polymers,” Chem. Mater., vol. 21, pp. 4914–
4919, 2009.

Biswajit Ray (S’12) received the B.Tech degree in
electrical and electronics engineering from the Na-
tional Institute of Technology, Trichy, India, in 2006
and the M.Sc.(Engg.) degree from the Indian Institute
of Science, Bangalore, India, in 2008. Since 2008, he
has been working toward the Ph.D. degree with the
School of Electrical and Computer Engineering, Pur-
due University, West Lafayette, IN.

His research interest includes semiconductor de-
vice physics and electronic transport in organic and
amorphous materials.

Mr. Ray received the Technoinventor Award in 2009 from the Indian Semi-
conductor Association for his master’s thesis. He received the Best Poster Award
in the area of Organic Photovoltaics at the 38th IEEE Photovoltaic Specialist
Conference, 2012.

Muhammad Ashraful Alam (M’96–SM’01–F’06)
received the Master’s and Doctoral degrees from
Clarkson University, Potsdam, NY, and Purdue Uni-
versity, West Lafayette, IN, in 1991 and 1995,
respectively.

He is currently a Professor of electrical and com-
puter engineering and a University Faculty Scholar
at Purdue University, where his research and teach-
ing focus on physics, simulation, characterization,
and technology of classical and emerging electronic
devices. From 1995 to 2001, he was with Bell Labo-

ratories, Murray Hill, NJ, as a Member of Technical Staff in the Silicon ULSI
Research Department. From 2001 to 2003, he was a distinguished member
of technical staff at Agere Systems, Murray Hill. During his time in industry,
he made important contributions to reliability physics of electronic devices,
MOCVD crystal growth for optoelectronic integrated circuits, and performance
limits of directly modulated semiconductor lasers. After joining Purdue Uni-
versity in 2004, his research has broadened to include nanocomposite flexible
electronics, organic solar cells, and performance limits of nanobiosensors. He
has published over 150 papers in international journals and has presented many
invited and contributed talks at international conferences.

Dr. Alam is a Fellow of the American Physical Society and the American
Association for the Advancement of Science. He also received the 2006 IEEE
Kiyo Tomiyasu Award for contributions to device technology for communica-
tion systems.


