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At just one atom thick, tungsten disulfide allows energy to switch off and on --
important for nano-scale electronic transistors -- but it also absorbs and emits
light, which could find applications in optoelectronics, sensing, and flexible
electronics. The NYU logo shows the monolayer material emitting light.
Researchers at NYU Tandon reported success in growing the promising
monolayer material. Credit: NYU Tandon
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Researchers at the NYU Tandon School of Engineering have pioneered a
method for growing an atomic scale electronic material at the highest
quality ever reported. In a paper published in Applied Physics Letters,
Assistant Professor of Electrical and Computer Engineering Davood
Shahrjerdi and doctoral student Abdullah Alharbi detail a technique for
synthesizing large sheets of high-performing monolayer tungsten
disulfide, a synthetic material with a wide range of electronic and
optoelectronic applications.

"We developed a custom reactor for growing this material using a
routine technique called chemical vapor deposition. We made some
subtle and yet critical changes to improve the design of the reactor and
the growth process itself, and we were thrilled to discover that we could
produce the highest quality monolayer tungsten disulfide reported in the
literature," said Shahrjerdi. "It's a critical step toward enabling the kind
of research necessary for developing next-generation transistors,
wearable electronics, and even flexible biomedical devices."

The promise of two-dimensional electronic materials has tantalized
researchers for more than a decade, since the first such
material—graphene—was experimentally discovered. Also called
"monolayer" materials, graphene and similar two-dimensional materials
are a mere one atom in thickness, several hundred thousand times
thinner than a sheet of paper. These materials boast major advantages
over silicon—namely unmatched flexibility, strength, and
conductivity—but developing practical applications for their use has
been challenging.

Graphene (a single layer of carbon) has been explored for electronic
switches (transistors), but its lack of an energy band gap poses
difficulties for semiconductor applications. "You can't turn off the
graphene transistors," explained Shahrjerdi. Unlike graphene, tungsten
disulfide has a sizeable energy band gap. It also displays exciting new
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properties: When the number of atomic layers increases, the band gap
becomes tunable, and at monolayer thickness it can strongly absorb and
emit light, making it ideal for applications in optoelectronics, sensing,
and flexible electronics.

Efforts to develop applications for monolayer materials are often
plagued by imperfections in the material itself—impurities and structural
disorders that can compromise the movement of charge carriers in the
semiconductor (carrier mobility). Shahrjerdi and his student succeeded
in reducing the structural disorders by omitting the growth promoters
and using nitrogen as a carrier gas rather than a more common choice,
argon.

Shahrjerdi noted that comprehensive testing of their material revealed
the highest values recorded thus far for carrier mobility in monolayer
tungsten disulfide. "It's a very exciting development for those of us
doing research in this field," he said.

  More information: Abdullah Alharbi et al. Electronic properties of
monolayer tungsten disulfide grown by chemical vapor deposition, 
Applied Physics Letters (2016). DOI: 10.1063/1.4967188
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