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Plasma-enhanced CVD dopes
carbon into WS,

Carbon, with its abundance and high
solid solubility, has been pursued
extensively as a dopant for semiconduct-
ing metal dichalcogenides. Previously re-
ported carbon-doping methods produce
mixtures of doped materials and metal
carbides instead of pure doped materi-
als, due to the high doping temperatures
needed (e.g., 800°C). Now a research
team led by Mauricio Terrones, Susan
B. Sinnott, and Saptarshi Das from The
Pennsylvania State University has devel-
oped a mild means to introduce carbon
atoms into WS, monolayers.

The researchers used a plasma-
enhanced chemical vapor deposition
(PECVD) system to dope the WS, sheets
with hydrocarbon groups at 400°C,
roughly half the required temperatures
of conventional methods. Because of the
low temperature and short duration (15
min), the product consisted exclusively
of carbon-doped WS,. This technique
was published in a recent issue of Science
Advances (doi:10.1126/sciadv.aav5003).

According to Terrones, one of the
corresponding authors of this work, the
team’s goal was “to study the transforma-
tion of a chalcogenide to a carbide, and
doping metal chalcogenides with carbon
was the first step.” Unlike traditional
strategies requiring high-temperature
annealing to generate reactive species
for doping, the PECVD system created
carbon dopants using plasma with a ra-
dio frequency of 13.56 Hz at 400°C. The

MATERIALS
RecEAc

El Ar/H,/CH, plasma

(a) A schematic illustration of the plasma-enhanced chemical vapor deposition system. (b) Aberration-
corrected scanning transmission electron microscope image showing one sulfur vacancy (yellow
circle) and three CH-doped sites (blue circles). Credit: Science Advances.

reactive plasma decomposed methane gas
into carbon and hydrocarbon radicals.
When these species diffused to the in-
trinsic sulfur vacancies of WS,, they em-
bedded themselves into the crystal lattice
of WS, by forming covalent bonds with
the neighboring tungsten atoms, forming
carbon-doped WS,.

The carbon dopants modified the
optical and electronic properties of the
single-layer WS,. Density functional the-
ory simulations and aberration-corrected
high-resolution transmission electron
microscopy studies unveiled that the
dopants were CH groups. These incor-
porated groups decreased the bandgap of
the single-layer WS,, which red-shifted
the photoluminescence peak by 0.15 eV.
Additionally, when the carbon-dopant
concentration progressively increased
from zero to 3.3 at.%, the electronic na-
ture of the WS, monolayers transitioned
from n-type to p-type.

Vote for your 2020 MRS Officers and Board Members. We encourage all MRS Members to review
the candidate bios and statements now available at mrs.org/elections. And watch your inbox for an
email from *MRS Elections,” which will provide you with your unique ballot login information.

Important note on voter eligibility—Election rules require active membership status. Only members paid in full by 11:59 pm (ET),
June 30, 2019 will be considered eligible for the 2019 Election.

Jin Z. Zhang, a professor in the
Department of Chemistry, University
of California, Santa Cruz, highlights
the multiple-atom doping feature of this
work. “Most doping in semiconductors
involves the use of single atoms or ions,”
says Zhang.“This work is unique in that
it demonstrates the successful doping of
carbon-hydrogen groups, besides single
carbon atoms, within sulfur monova-
cancies of WS, using a novel plasma-
assisted approach.”

The researchers are extending the
PECVD technique to “understanding
the effects of other dopants in transition-
metal dichalcogenides,” Terrones says.
Additionally, they are exploring ways to
prepare metal oxide semiconductors with
gradient doping schemes. Such tailor-made
semiconductors can function as high-
performance complementary metal oxide
semiconductors in integrated circuits.
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Calling Early-Stage Materials Innovators!

Showcase your technology... Connect with investors & industry professionals

iMatSci Innovation Showcase 10/ (e
”\ 2019 MR[S] FALL MEETING & EXHIBIT © Q

w Hynes Convention Center | Boston, Massachusetts OF INNOVATORS MADE ONE OR MORE
.‘ o] Tuesday, December 3, 2019 . FUNDING CONTACTS AT IMATSCI, WITH WHICH
) ’ ¢ THEY HAVE RESUMED FURTHER DIALOG.

Submission Deadline: September 15, 2019

mrs.org/become-an-innovator How to Participate

To participate, innovators should be:

Interested in being a part of iMatSci this year? | 7 eresied ™ commarclalizing thelr
: echnologies
Are you a pre-revenue or seed-stage materials innovator and entrepreneur looking to

demonstrate the value of your product to high-level decision makers and materials * Able to propose a value proposition for their

venture investors? If so, join us for the iMatSci Innovation Showcase, where you will innovations
have the unprecedented opportunity to meet and interact with industry, R&D leaders * Capable of effectively demonstrating
and investors who can help to effectively lead your venture to success! the commercial applications of their

technologies th h vid tot
Past participants include Advanced Research Projects Agency-Energy, Air Force Office echnologies through videos or prototypes

of Scientific Research, BASF Venture Capital, The Dow Chemical Company, Lockheed * Actively seeking partners, funding
Martin, MilliporeSigma, Samsung Research America, Solvay Ventures and more! and/or paths for commercialization
Why Get Involved? Online applications will be accepted through

September 15, 2019, and must be submitted
through the iMatSci submission portal at
imatsci.mrs.org.

Each innovator will be provided with table space at the Hynes Convention Center to
present his/her technology or product using various forms of media such as pitch decks,
marketing videos, prototypes and executive summaries. In addition, each group will have
the opportunity to pitch on stage to strategic partners, technology scouts, accelerators,
financiers and collaborators. Presentations will be judged by experienced technology
investors and industry professionals.

For further information about the submission
guidelines, innovators packages, selection
criteria, sponsorship opportunities and more,

By participating in iMatSci, innovators will be granted access to: check out the complete iMatSci web page at
« A full schedule of workshops, seminars and panel discussions, with topics mrs.org/imatsci.
specifically geared toward the success of early-stage innovators. ;
* Exclusive networking events, Q&A sessions and receptions, and one-on-one For questions about iMatSci or to become
meeting spaces to interact with potential stakeholders. i asponsor, please contact:
* Resources including webinars, tip sheets and the opportunity to practice Natalie Larocco
pitching and to receive feedback from the Chemical Angel Network. ' Materials Research Society
» Cash prizes awarded to the top three most innovative teams and a $10,000 !aroccc.)@mrs.org
investment from the Chemical Angel Network most likely in the form of a imatsci@mrs.org
convertible note. [ T24.779.2744

“We [found the] iMatSci event very useful for our own practice of commercialization. Throughout the pitch sessions,
we were closely watching how other start-ups pitched their technologies to the investors and general audience,
which was distinctly different from typical academic seminars... In the panel discussion session, the angels,
venture capital firms and private equity practices shared valuable insights from the perspective of
investors, pointing out what investors are looking for in startups they want to fund. Finally, the

participation in the 3-minute fast pitch provided us a great opportunity to advertise our own
technology and interact with potential investors. In all, it was a fantastic experience and

I would definitely recommend iMatSci to colleagues who are seeking a path to bring

their inventions to the market.”
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—YuHuang Wang, 20178 iMatSci Innovator, Meta-Cooling Technologies m r S ° 0 r g / I m a tS C I
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