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Scientists create ultrathin semiconductor
heterostructures for new technologies

February 12 2016, by James Urton
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An illustration of the strong valley exciton interactions and transport in a 2-D
semiconductor heterostructure. Credit: Kyle Seyler, Pasqual Rivera

Heterostructures formed by different three-dimensional semiconductors
form the foundation for modern electronic and photonic devices. Now,
University of Washington scientists have successfully combined two
different ultrathin semiconductors—each just one layer of atoms thick
and roughly 100,000 times thinner than a human hair—to make a new
two-dimensional heterostructure with potential uses in clean energy and
optically-active electronics. The team, led by Boeing Distinguished
Associate Professor Xiaodong Xu, announced its findings in a paper
published Feb. 12 in the journal Science.
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Senior author Xu and lead authors Kyle Seyler and Pasqual Rivera, both
doctoral students in the UW physics department, synthesized and
investigated the optical properties of this new type of semiconductor
sandwich.

"What we're seeing here is distinct from heterostructures made of 3-D
semiconductors," said Xu, who has joint appointments in the
Department of Physics and the Department of Materials Science and
Engineering. "We've created a system to study the special properties of
these atomically thin layers and their potential to answer basic questions
about physics and develop new electronic and photonic technologies."

When semiconductors absorb light, pairs of positive and negative
charges can form and bind together to create so-called excitons.
Scientists have long studied how these excitons behave, but when they
are squeezed down to the 2-D limit in these atomically thin materials,
surprising interactions can occur.

While traditional semiconductors manipulate the flow of electron
charge, this device allows excitons to be preserved in "valleys," a concept
from quantum mechanics similar to the spin of electrons. This is a
critical step in the development of new nanoscale technologies that
integrate light with electronics.

"It was already known that these ultrathin 2-D semiconductor have these
unique properties that you cannot find in other 2-D or 3-D
arrangements," said Xu. "But as we show here, when we put these two
layers together—one on top of the other—the interface between these
sheets becomes the site of even more new physical properties, which you
don't see in each layer on its own or in the 3-D version."

Xu and his team wanted to create and explore the properties of a 2-D
semiconductor heterostructure made up of two different layers of
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material, a natural expansion of their previous studies on atomically thin
junctions, as well as nanoscale lasers based on atomically thin layers of
semiconductors. By studying how laser light interacts with this
heterostructure, they gathered information about the physical properties
at the atomically sharp interface.

"Many groups have studied the optical properties of single 2-D sheets,"
said Seyler. "What we do here is carefully stack one material on top of
another, and then study the new properties that arise at the interface."

The team obtained two types of semiconducting crystals, tungsten
diselenide (WSe2) and molybdenum diselenide (MoSe2), from
collaborators at Oak Ridge National Laboratory. They used facilities
developed in-house to precisely arrange two layers, one derived from
each crystal, a process that took a few years to fully develop.

"But now that we know how to do it properly, we can make new ones in
one or two weeks," said Xu.

Getting these devices to emit light posed a unique challenge, due to the
properties of electrons in each layer.

"Once you have these two sheets of material, an essential question is how
to position the two layers together," said Seyler. The electrons in each
layer have unique spin and valley properties, and "how you position
them—their twist angle—affects how they interact with light."

By aligning the crystal lattices, the authors could excite the
heterostructure with a laser and create optically active excitons between

the two layers.

"These excitons at the interface can store valley information for orders
of magnitude longer than either of the layers on their own," said Rivera.
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"This long lifetime allows for fascinating effects which may lead to
further optical and electronic applications with valley functionality."

Now that they can efficiently make a semiconductor heterostructure out
of 2-D materials, Xu and his team would like to explore a number of
fascinating physical properties, including how exciton behavior varies as
they change angles between the layers, the quantum properties excitons
between layers and electrically driven light emission.

"There's a whole industry that wants to use these 2-D semiconductors to
make new electronic and photonic devices," said Xu. "So we're trying to
study the fundamental properties of these new heterostructures for things
like efficient laser technology, light-emitting diodes and light-harvesting
devices. These will hopefully be useful for clean energy and information
technology applications. It is quite exciting but there's a lot work to do."

More information: P. Rivera et al. Valley-polarized exciton dynamics
in a 2D semiconductor heterostructure, Science (2016). DOI:
10.1126/science.aac7820
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