
 

Graphene quantum dots can improve the
efficiency of silicon solar cells

June 30 2016

Small flakes of graphene could expand the usable spectral region of light
in silicon solar cells to boost their efficiency, new research from King
Abdullah University of Science and Technology (KAUST), Saudi
Arabia, shows.

Solar cell materials have become significantly cheaper to produce in
recent years, yet further cost savings are needed to make solar
technologies commercially attractive. The prevalence of silicon in solar
cells makes them a good target for efficiency enhancement.

"By improving the efficiency of silicon solar cells, we can provide a
more cost-effective way for energy production," said Jr-Hau He,
KAUST associate professor of electrical engineering, who also led the
research team.

Graphene quantum dots are small flakes of graphene that are useful
because of their interaction with light. One of these interactions is
optical downconversion, which is a process that transforms light of high
energies into lower energy (for example, from the ultraviolet to the
visible).

Downconversion can be used to boost solar cells. Silicon absorbs light
very efficiently in the visible part of the spectrum, and therefore appears
black. However, the absorption strength of silicon for ultraviolet light is
much smaller, meaning that less of this light is absorbed, reducing the
efficiency of solar cells in that part of the spectrum. One way to
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circumvent this problem is the downconversion of ultraviolet light to
energies where silicon is a more efficient absorber.

Graphene quantum dots are ideal candidates for this purpose. They are
easy to manufacture using readily-available materials such as sugar and
by then heating them with microwave radiation. While the dots are
almost transparent to visible light, which is important to pass that light
through to the solar cell, they are efficient in converting UV light to
lower energies.

The researchers integrated the quantum dots on a silicon solar cell
device. The efficiency of the solar cells increased in comparison to
control samples. For a mature technology to show a clear improvement
in efficiency is promising, because it can be produced using an easy
manufacturing process.

The test sample solar cells measured so far have not yet been optimized
to be closer to the record-breaking performances seen in silicon. The
researchers therefore plan to combine some other enhancement
technologies previously achieved in similar devices, He noted.

"We have been successfully utilized surface engineering treatments,
including fabricating nanostructures and passivation layers, to improve
the light harvesting and the electrical properties of solar cells. By
integrating these techniques all together, we hope that in the next few
years the world record can be broken at KAUST," he said.

  More information: Meng-Lin Tsai et al. Efficiency Enhancement of
Silicon Heterojunction Solar Cells via Photon Management Using
Graphene Quantum Dot as Downconverters, Nano Letters (2016). DOI:
10.1021/acs.nanolett.5b03814
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