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Flexible and transparent organic photovoltaics could be integrated into windows
or greenhouses. Credit: 2024 KAUST

Transparent solar cells will transform the look of infrastructure by
enabling many more surfaces to become solar panels. Now, materials
called non-fullerene acceptors that can intrinsically generate charges
when exposed to sunlight could make semitransparent organic
photovoltaics easier to produce, a KAUST-led international team shows.
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Semitransparent photovoltaics are able to convert sunlight into electricity
without blocking visible light. This makes them attractive for building
integrated applications, such as windows, facades and greenhouses.

Unlike traditional silicon-based cells, organic photovoltaics can be
flexible and can also be tailored to be transparent. Yet the more
transparent the solar cell, the less light it captures for producing
electricity.

Organic solar cells typically rely on an active layer called a bulk
heterojunction—comprised of electron donor and acceptor
materials—to capture and convert sunlight. Upon contact, sunlight can
excite electrons to higher energy states in the heterojunction, which
creates electron–hole pairs, or excitons, that detach at the
donor–acceptor interface.

With this charge separation, the electrons migrate toward the acceptor,
while the positively charged holes move toward the donor, generating
electricity. Heterojunctions usually have equal amounts of donor and
acceptor materials to promote light harvesting and conversion, but the
devices are not transparent.

Over the last five years, non-fullerene acceptors have produced
heterojunction-based devices with record-breaking efficiencies, nearing
the 20% mark. However, researchers recently suggested that single-
component films of the non-fullerene acceptor Y6 could generate
charges without the need for a heterojunction when exposed to sunlight.

Inspired by this finding, the team led by Derya Baran and postdoc
Anirudh Sharma investigated charge generation in other non-fullerene
acceptors. Similar to Y6, the acceptors, which strongly absorb near-
infrared light, produced charges without a donor–acceptor interface.
They did so because the exciton split spontaneously, which surprised the
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researchers. The findings are published in the journal Advanced
Materials.

"This challenges our understanding of how these devices operate and
prompts a reevaluation," Sharma says.

The researchers developed thermally stable semi-transparent organic
photovoltaics using the near-infrared-absorbing acceptors. These are
more transparent in the visible region, with or without a minimal amount
of visible light-absorbing donor materials in a heterojunction.

In the absence of donor material, the devices performed poorly due to a
limited charge separation. Donor addition enhanced the charge
generation and hole migration towards the anode, improving efficiency.
"This enabled us to make solar cells that are partially see-through, while
still converting sunlight to electricity," Sharma says.

Solar modules based on semitransparent devices resulted in 5.3%
efficiency and 82% visible transmittance, indicating their high degree of
transparency.

"We are now investigating next-generation non-fullerene acceptors at a
fundamental level to understand their photophysics and how charge
transport layers impact the overall performance of homo-junction
devices," Sharma says.

  More information: Anirudh Sharma et al, Semitransparent Organic
Photovoltaics Utilizing Intrinsic Charge Generation in Non‐Fullerene
Acceptors, Advanced Materials (2023). DOI: 10.1002/adma.202305367
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