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How the organic solar cell architecture can change the role of an acceptor to a FRET donor
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Organic solar cells (OSCs) have attracted significant attention from both the academic and industrial
sectors due to their attractive features of being lightweight and structurally conformable, along with
their viability for high-volume low-embedded energy manufacturing. Particular attention has been
devoted to developing methods for designing organic semiconductor materials that exhibit specific
optoelectronic properties (for example, tuning of absorption, electron affinity and ionisation
potential),’? alongside the use of additives and post-treatment protocols to control the morphology
of the photoactive layers for improving the dissociation of excitons into free charges, charge carrier
transport and collection.?

Improvements in power conversion efficiency (PCE) can also be achieved by adding a third
component into a host binary bulk heterojunction (BHJ) OSC, containing a donor and an acceptor,
to form a ternary device.* The third component in a ternary organic solar cell is generally selected to
maximise the light absorption with respect to the solar spectrum but in doing so it must not introduce
trap states that might impede charge extraction from the active layer.
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Figure 1. Chemical structures of PM6, Y6 and o-IDT-BT-DCV

We have synthesised a fused ring non-fullerene acceptor (o-IDT-BT-DCV) for use in ternary organic
solar cells (see Figure 1). The weight ratio of the PM6 donor to the acceptor(s) was kept as 1:1.2,
which was the weight ratio that gave the best PM6:Y6 devices. The optimised binary device that
used o-IDT-BT-DCV as the acceptor and PM6 as the donor had a maximum power conversion
efficiency (PCE) of 10.8%. The results for the binary OSC device performance showed that o-IDT-
BT-DCV meets the criteria for being a guest acceptor for the PM6:Y6 binary in that it has a
complementary absorption spectrum, energy levels that form an energy cascade, and it forms a
binary solar cell with the donor with a Vioc no less than that of the binary host (PM6:Y6). o-IDT-BT-
DCV was blended into the host PM6:Y6 mixture with composition ratios ranging from 10% to 40% of
the total acceptor weight to form a ternary blend.

To further enhance the PV performance of the PM6:Y6:0-IDT-BT-DCV ternary blend we explored
the use of the solid additive 1,4-diiodotetrafluorobenzene (1,4-DITFB), which has been reported to
change the crystalline/domain size and molecular packing of PM6:Y6 binary devices, leading to a
dramatic improvement in device efficiency.® The solutions used to form the ternary blends were
initially found to be less stable than those of the binary PM6:Y6 blend, and device performance
dropped when the solutions were stored for a prolonged time. However, the presence of the 1,4-
DITFB additive in the processing solution was observed to suppress the decrease in device
performance. The incorporation of o-IDT-BT-DCV into a donor:acceptor PM6:Y6 blend and
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optimisation of the film structure delivered a ternary organic solar cell with a maximum PCE of 16.2%.
Measurements of the external quantum efficiency showed that o-IDT-BT-DCV contributed to charge
generation in the 700 — 900 nm wavelength range.
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Figure 2. Ground state bleach (GSB) signals for Y6 and o-IDT-BT-DCV.

To investigate the exciton dissociation and charge generation processes, femtosecond transient
absorption spectroscopy (fs-TAS) was used to monitor the kinetics of photogenerated excited state
species in the ternary blend PM6:Y6:0-IDT-BT-DCV films formed without the additive in the
processing solution. The ternary film with 40% o-IDT-BT-DCV was investigated to enable the excited
state of the o-IDT-BT-DCV to be unambiguously observed, and hence its role in the formation and
decay of the excited state species to be elucidated. The results showed that o-IDT-BT-DCV in the
ternary blend was not behaving as an acceptor, as it was in the binary film with PM6. Instead, it
contributed to charge carrier generation through a sub-picosecond energy transfer process to Y6
(see Figure 2), which then generated charge through a photoinduced hole transfer mechanism with
PM6 and/or spontaneous exciton dissociation within the Y6 phase. That is, the role of the o-IDT-BT-
DCYV switches from being an electron acceptor in the binary blend to that of an exciton donor in the
ternary film.

Encapsulated devices composed of the ternary blends were found to be more stable after the initial
burn-in. Under 1-sun illumination and maximum power point tracking the ternary device lost only
~30% of its efficiency over 1200 h whereas the PCE of the PM6:Y6 binary blend decreased by
around 60% over the same timeframe. In summary, the incorporation of a second NFA acceptor into
a PM6:Y6 binary blend was found to lead to alternate charge generation pathways that improved
PCE while also enhancing device stability.
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