
 

Cheap, environmentally friendly solar cells
are produced by minimizing disruptive
surface layers
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High-performance solar cells can be produced using inexpensive materials by
minimizing the copper-rich and interfacial insulating layers in the interface
between the cupric oxide (CuO) and silicon (Si) layers. Credit: A*STAR
Institute of Materials Research and Engineering

By tailoring the interface between the two sections of a solar cell,
A*STAR researchers have produced a high-performance solar cell from
the abundant and cheap materials of copper (II) oxide and silicon.
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For solar energy to become environmentally friendly and cost effective,
the two main components of 'heterojunction' solar cells ― the n- and p-
type layers ― need to be fabricated from nontoxic, abundant materials.
Copper (II) oxide, also known as cupric oxide, holds promise as a p-type
semiconductor since it meets both these criteria and also has an ideal
bandgap for absorbing sunlight and a high light absorption.

On paper, copper oxide and silicon are a perfect pair for producing high-
performance solar cells. In practice, however, their performance has
been disappointing because of the tendency of holes and electrons to
recombine in them ― a process known as charge recombination. This
recombination limits the production of electricity in a solar cell since it
reverses the generation of electrical charges from light. One cause of this
problem is the poor quality of the interface between copper oxide and
silicon as the result of silicon oxide on the silicon surface.

Now, Goutam Dalapati from the A*STAR Institute of Materials
Research and Engineering at Singapore and co-workers have used
conventional procedures to produce high-performance solar cells that
employ cupric oxide as the p-type material and silicon as the n-type
material. They realized this by increasing the pressure during the
deposition stage of fabrication, which they found enhances both the
crystal and interface quality, thereby reducing the charge recombination
rate.

Using a sequence of analytical techniques—Raman spectroscopy, X-ray
diffraction, X-ray photoelectron spectroscopy and high-resolution
transmission electron microscopy—they showed that the interface
quality was limited by the formation of a copper-rich oxide layer as well
as by the production of a silicon oxide layer on silicon surface. Dalapati
explains that the team were surprised by the formation of this copper-
rich layer as the cupric oxide target contained an equal mix of copper
and oxygen. But the scientists also discovered that they could minimize
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this layer by increasing the pressure during deposition and the annealing
time. Using this tactic, the team successfully produced a high-quality
solar cell that had a low charge recombination rate.

Dalapati notes that "to develop cost-effective, environmentally friendly
photovoltaic devices using Earth-abundant nontoxic cupric oxide, it is
essential that we can increase the efficiency further." This is possible, he
adds, "by reducing, or even eliminating, the copper-rich interfacial layer
and the silicon oxide insulating layer."

  More information: Masudy-Panah, S., Dalapati, G. K.,
Radhakrishnan, K., Kumar, A., Tan, H. R. et al. p-CuO/n-Si
heterojunction solar cells with high open circuit voltage and
photocurrent through interfacial engineering. Progress in Photovoltaics:
Research and Applications advance online publication, 23 February
2014 . DOI: 10.1002/pip.2483
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