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Innovation could bring flexible solar cells,
transistors, displays
Purdue University

WEST LAFAYETTE, Ind. – Researchers
have created a new type of transparent electrode that might find uses in solar cells,
flexible displays for computers and consumer electronics and future
"optoelectronic" circuits for sensors and information processing.
The electrode is made of silver nanowires covered with a material called graphene,
an extremely thin layer of carbon. The hybrid material shows promise as a possible
replacement for indium tin oxide, or ITO, used in transparent electrodes for touchscreen monitors, cell-phone displays and flat-screen televisions. Industry is seeking
alternatives to ITO because of drawbacks: It is relatively expensive due to limited
abundance of indium, and it is inflexible and degrades over time, becoming brittle
and hindering performance.
"If you try to bend ITO it cracks and then stops functioning properly," said Purdue
University doctoral student Suprem Das.
The hybrid material could represent a step toward innovations, including flexible
solar cells and color monitors, flexible "heads-up" displays in car windshields and
information displays on eyeglasses and visors.
"The key innovation is a material that is transparent, yet electrically conductive and
flexible," said David Janes, a professor of electrical and computer engineering.
Research findings were detailed in a paper appearing online in April in the journal
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Advanced Functional Materials. The paper is available online at
http://onlinelibrary.wiley.com/doi/10.1002/adfm.201300124/full [1]. It was authored
by Das; visiting student Ruiyi Chen; graduate students Changwook Jeong and
Mohammad Ryyan Khan; Janes and Muhammad A. Alam, a Purdue professor of
electrical and computer engineering.
The hybrid concept was proposed in earlier publications by Purdue researchers,
including a 2011 paper in the journal Nano Letters. The concept represents a
general approach that could apply to many other materials, said Alam, who coauthored the Nano Letters paper.
"This is a beautiful illustration of how theory enables a fundamental new way to
engineer material at the nanoscale and tailor its properties," he said.
Such hybrid structures could enable researchers to overcome the "electrontransport bottleneck" of extremely thin films, referred to as two-dimensional
materials.
Combining graphene and silver nanowires in a hybrid material overcomes
drawbacks of each material individually: the graphene and nanowires conduct
electricity with too much resistance to be practical for transparent electrodes.
Sheets of graphene are made of individual segments called grains, and resistance
increases at the boundaries between these grains. Silver nanowires, on the other
hand, have high resistance because they are randomly oriented like a jumble of
toothpicks facing in different directions. This random orientation makes for poor
contact between nanowires, resulting in high resistance.
"So neither is good for conducting electricity, but when you combine them in a
hybrid structure, they are," Janes said.
The graphene is draped over the silver nanowires.
"It's like putting a sheet of cellophane over a bowl of noodles," Janes said. "The
graphene wraps around the silver nanowires and stretches around them."
Findings show the material has a low "sheet resistance," or the electrical resistance
in very thin layers of material, which is measured in units called "squares." At 22
ohms per square, it is five times better than ITO, which has a sheet resistance of
100 ohms per square.
Moreover, the hybrid structure was found to have little resistance change when
bent, whereas ITO shows dramatic increases in resistance when bent.
"The generality of the theoretical concept underlying this experimental
demonstration – namely 'percolation-doping' -- suggests that it is likely to apply to a
broad range of other 2-D nanocrystaline material, including graphene," Alam said.
Source: http://www.purdue.edu/newsroom/releases/2013/Q2/innovation-could-bringflexible-solar-cells,-transistors,-displays.html [2]
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