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Abstract
The active layer of the bulk heterojunction organic photovoltaic cells is typically based on a polymeric
blend containing a donor polymer and a fullerene-based polymer electron acceptor. However, in the last decade
non-fullerene polymer-based solar cells have seen a rapid progress, due to their extraordinary chemical, thermal
and photo stability, and because of their ability to decrease the voltage loss. The conventional Organic Photovoltaic Cells (OPVs), structures based on either P3HT:PCBM bulk heterojunction (BHJ) polymeric blend or
P3HT/PCBM bilayer heterojunction, has limited efficiency and stability, in principal due to the fullerene derivatives used as acceptor component. PCBM for example, as many other fullerene derivatives, exhibits some deficiencies, such as: limited chemical and energetic tunability, small range of absorption spectra, morphological
instability and relatively high production costs. That is why in the last years, novel non-fullerene materials started to be used in order to overcome the above limits associated with the fullerene acceptors. In this paper two
different non-fullerene acceptor materials have been tested as potential candidates for the efficient OPVs based
on P3HT donor polymer as main absorber: a new conjugated polymer containing chelating ligands like 1,10
Phenanthroline (Phen), and a small-molecule acceptor like 10,15,20-tetra(4-pyridyl)-21H,23H-porphine (TPyP).
For both cell configurations a decrease of the voltage loss was obtained, and it was also observed that the thickness of the P3HT donor layer has an important contribution to the power output
and fill factor ( ) of the
OPV structures.
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Motivation
One of the cheapest and most environmentally friendly source of renewable energy is the direct solar energy conversion by photovoltaic effect. The field of “Non-Fullerene” (NF) OPVs has been
recently known a rapid development, reporting high performance NF-OPVs with obtained PCE values
higher than 13-17% . One advantage of these NF-OPVs is the tunability of the energy offset between
the donor and acceptor, hence reducing the voltage loss from the bandgap of the absorber to the opencircuit voltage (
) of the cell with a relatively low driving force, but keeping a high short-circuit current ( ).

Methodology of Research
In this study, two types of OPVs have been fabricated, based on heterojunctions formed by
P3HT as a donor and two non-fullerene organic thin films (Phen and TPyP) as acceptors. the proposed
configurations have been particularly chosen, due to the favorable intrinsic energy band alignment of
the selected materials. Effectively, the considered architectures comply with the “Fonash” model,
where the HOMO energy levels favor the holes motion towards the “window”-electrode (ITO/Glass in

this case), whilst the LUMO energy levels facilitate the electrons transfer towards the metallic topelectrode. In this way, the performance losses given by a non-optimal charge transport through the
OPV are expected to be reduced

Results and Comparison with State-of-the-art
In this work, together with the study of the behavior of these two NFAs in the OPVs based on
P3HT donor polymer, we complementarily investigated the influence of the thickness of the P3HT donor layer on the OPVs performance, concluding that the thinner layers of P3HT could be more appropriate for reducing the series resistances, and thus improving further the fill factor ( ) of the OPV
structures. The photovoltaic response exhibited a higher
compared with the state-of-the-art conventional OPVs based on the “traditional” P3HT/PCBM heterojunction. It has been also pointed out
that a thin layer of P3HT (smaller than
) is more appropriate to obtain bilayer OPV structures
with a better
and
.

Conclusions
The prepared OPV devices showed an enlarged action spectra as comparing with the action
spectra of a single layer OPV structure having P3HT as main absorber. Although modest, the cosensitization is present in the case of the prepared structures based on P3HT/Phen and P3HT/TPyP
heterojunctions. These results open the new paths to the optimization of similar structures based on
these cheap materials to improve their PCE.
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