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8:20am 2D+EM+MI+NS+THoM1 Wafer Scale Epitaxial Growth of
Monolayer and FewLayer Wby Gas Source Chemical Vapor Deposition
Mikhail Chubaroy T.H. Choudhury, J.M. Redwifigpe Pennsylvania State
University

Tungsten disulfide (WP has been widely investigated due to its
outstanding properties compared to other 2D TMD including a bandgap o
2 eV, relatively high theoretical electron mobility, valley spin polarization,
among others. Commonly, the films are grown on amorphous substrates
like SiQand, consequently, consist of high angle grain boundaries after
coalescence due to the random amiation of domains. These can act as
scattering and recombination centers for charge carriers limiting device

f

performance. To avoid this, a crystalline substrate and epitaxial growth is

typically employed for general thin film deposition although this aagh

has not been extensively investigated for 2D TMD monolayers. Large are
growth is also crucial to show technological feasibility of the material for
wafer-scale device fabrication.

In this work, we employ cold wall gas source chemical vapor depo$ition
the growth of W$ films on Z (0001) h-AkOs. To achieve coalesced
monolayer growth over the entire substrate, we implemented a restiip
growth process modulating the metal precursor concentration during each
of the steps. W(C@pand HS were usedsprecursors in ftarrier gas. The

9:00am2D+EM+MI+NS+T¥oM3 Crystal Growth of 20Materials: From
Model Systems to Integrated Manufacturing Stephan Hofmann
University of Cambridge, UK INVITED

In order to serve the industrial demand fa@lectronicgradet 2D materials,

we focus on chemicalapour deposition (CVD), and in this talk | will review
our recent progress in scalable CVD [1] and device integration approaches
of highly crystalline graphene, hexagonal boron nitrideBl) and
transition metal dichalcogenide films. The systematic use ire$itu
metrology, ranging from higpressure XPS to environmental electron
microscopy, allows us to reveal some of the key growth mechanisms for
these 2D materials that dictate crystal phase, mistaucture, defects, and
heterogeneous integration conttat industrially relevant conditions [2,3]. |
will focus on tailored CVD processes to achieve large monolaM h
domains with lateral sizes exceeding 0.5 mm. Importantly we show that
depending on the process catalyst-gwn hBN monelayers can be
easly and cleanly transferred using an entirely exfoliatlmsed
approach.[4] We demonstrate sequentiaBN pickup, opening a pathway

to integrate CVD films in high quality 2D material heterostructures.
Progress in growth reached a level where adequataratterisation of
such 2D crystal layers over large areas has become a key challenge. Hence
we also explore new nenontact characterisation methods [5,6]. We work
on applications ranging from magentic tunnel junctions [7] to sensing and
single molecule aalysis [8,9], and the talk will focus on some of the diverse
yet connected integration challenges for CVD 2D films that present a key
bottleneck towards reliable scalgp manufacturing and commercialisation.
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9:40am 2D+EM+MI+NS+THoM5 Understanding the Edg€ontrolled
Growth and Etchingn TwoDimensional MaterialsKai Xiag X. Li, X. Sang,

Center for Nanophase Materials Sciences, Oak Ridgienal Laboratory
W. Zhao, J. Don@;enter for Multidimensional Carbon Materials (CMCM),

edge dislocation density. A high intensity, narrow (FWHM=40 meV) PL peal@iStitute for Basic Science (IBS), Ulsan,44919, South ;KAreBurekizy,

positioned at 2.01 eV was observed for Mi8ns. Monolayer formation
was confirmed from the AFM height profile (D =0.9 nm) and Raman
measurements by observing spectral region where layer breathing and
shear modes would appear. A fully coalesced, monolayer film was achieve
using the multistep growth process in a total time of 80 mias.

8:40am 2D+EM+MI+NS+THoM2 Wafer Scale Deposition of Monolayer
Transition Metal DichalcogenidesKortney Almeida M. Wurch, G.
Stecklein, L. Bartelglniversity of California, Riverside

Monolayer transition metal dichalcogenide (TMD) films are promising
materials in tke continuing development of nanoscale devices. Methods to
produce waferscale monolayer TMD films have included tibmace
chemical vapor deposition (CVD), ligipidase exfoliation, and metal
organic CVD. These methods suffer from issues with particulate
contamination, pyrophoric precursors, and high cost. Here we demonstrate
the growth of homogeneous wafescale monolayer molybdenum disulfide
(MoS) using solid inorganic and liquid organic precursors in aVvéghum
environment. These results are achéelusing an amorphous S&dbstrate

and without any powder or metadrganic precursors. Growth proceeds by
the decomposition of carbon disulfide at a hot molybdenum filament,
which yields volatile Ma@recursors that precipitate onto a heated wafer.
The catinuous and homogeneous singkeyer film of Mogs deposited at
wafer scale with a total growth time of fifty minutes. Various thicknesses of
the thin films are also demonstrated by the manipulation of the filament
power. Optical and electrical characization indicates performance
comparable to or better than Mefiim grown by other wafescale growth

Center for Nanophase Materials Sciences, Oak Ridge National Labpratory
C. RouleauCenter for Functional Nanomaterials Brookhaven National
Laboratory F. Ding, Center for Multidimensional Carbon Materials

4CMCM), Institute for Basic Science (IBS), Ulsan,44919, South Rdrea

Unocic, D.B. Geohegafenter for Nanophase Materials Sciencesk Oa
Ridge National Laboratory

Understanding the atomistic mechanisms governing the growth and
etching of twedimensional (2D) materials is of great importance in guiding
the synthesis of large area, singlg/stalline, high quality 2D crystals and
heterostructures. In this talk, the growtetchingregrowth process of
monolayer 2D crystals by a CVD method will be discussed. We found that
switching from growth to etching formed pores with various shapes in the
single crystal domains which can be explained bygeedructure
dependent growth process. In addition, combined with first principles
theory, and ab initio simulations, in situ STEM imaging was used to
understand the evolution of edge structure around pores in monolayers as
a function of temperature and Mochemical potential. Our results
demonstrate that by varying the local chemical environment, we can
trigger formation of 2D monolayer nanostructures terminated by different
edge reconstructions during in situ heating and electron beam irradiation
and form edge structures with metallic and/or magnetic properties. The
ability to synthesize 2D nanostructures with metastable NW edges having
predictable atomic structures opens the door to a wide range of novel 2D
materials and heterosturctures with electrical @magnetic properties as
revealed by DFT, which could potentially act as functional building blocks
for nextgeneration nanedevices.

techniques. Our method provides a scalable process to deposit thin TMq?eferenceS'

films in a high vacuum environment.
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of Energy. Characterization science performed at the Center for Nanophasd ransition metal dichalcogenides, in particular, Mo®as attracted
Materials Sciences, which is a DOE Office of Sciences User Facility. significant &ention due to its unique electronic and physical properties.
Much research efforts are directed towards achieving large area, high

10:00am2D+EM+MI+NS+MHoM6 Synthesis and Characterization of 1T, quality monolayer Mosfilms. Using NiO foam as a reactive barrier, we
1T, and 2H MoTeThin Films Thomas Empate, University of California,  achieved growth of highly homogeneous single layesS\bn sapphire
Riverside Y. ZhouStanford University S.A. Naghibi Alvillafzl Camino  through chemical vapor deposition. As the NiO barrier reacts with 100
College E.J. Reedstanford UniversityL. BartelsUniversity of California,  the concentration of precursors reaching the substrate and thus nucleation
Riverside density is effectively reduced. By doing so, single crystab e sizes of
Transition metal dichalcogenides (TMDs) have been of interest the up to 170um, together with continuous monolayers on the centimeter
past few decades for their intriguing structural, electronic, and length scale are obtained. Anglesolved photoemission spectroscopy
optoelectronic properties, particularly when scaled down to thin films. One measurements performed describe very wedsolved electronic band
of the most interesting TMD materials is molybdenum ditelluride (MpTe structure and spin orbit spliting of the bands at room temperatu
because of its relative ease totaih multiple phases at room temperature,  Furthermore, the measurement reveals only two major domain
namely the metallic 1Gphase and the semiconducting 2H phase. Here we orientations, indicating the successful growth of a highly crystalline and
show a facile chemical vapor deposition process to synthesis not only thewell-oriented MoS monolayer.
aforementioned phases but the elusive unreconstructed 1T phase by
regulating the cooling rate and the addition of carbon dioxide during the
reaction. Our experimental Raman spectroscopy results were compared tojndustrial Physics Forum
theoretical density functional theory calculations which verify the synthesis .
of all three phases. Electronic trgmort measurements were also used to Room 101B Session IPF+AS+BI+M&M
characterize the films and show that the newly synthesized 1T phase is irBjofabrication: From Tissito Organ
good agreement with theoretical models depicting senetallicity as the  Moderators: Jason BargiAmerican Institute of Physicdim Hollenhorst
material shows increased conductivity with elevated temperatures. In Agilent Technologies
addtion to the pure phase materials, mixed phase materials, such as
2H/1T, can be synthesized with slight alterations to the parameters leading8:20amIPF+AS+BI+N8oM1 Strategic Thinking on the Architecture and
to enhancements of the 2H phasgenductivity. Design of Scaffolds for Regenerative Medicin8uddy D. Ratner

) ) ) University of Washington, Seattle INVITED
10:40am 2D+EM+MI+NS+T¥oM8 2D Anisotropic Semiconductors:  geaffolds for use in medicine and biology might be traced back to the
Competng Phases by Alloys Engineerjriefaattin TongayArizona State 19408 when parachute cloth was first used for vascular prostheses.
University INVITED  However, in the miel 9808 scaffolds took off as agssential tool in tissue
Akin to the enormous number of discoveries made through traditional engineering. This talk will explore some of the basic biology of porosities,
semiconductor alloys, alloying selected 2D semiconductors esabl roughness and textures on cell responses in vitro and tissue responses in
engineering of their electronic structure for a wide range of new vyivo. University of Washington studies will be presented demonstrating
applications. 2D alloys have been demonstrated when two componentsenhanced healing and regeneration with precision control of pore
crystallized in the same phase, and their bandgaps displayed predictablestructures for in vivo applications. The use of surface techniques and tools
monotonic variation. By stabilizing previousiyobserved compositions  will be addressed for decorating the surfaces of scaffolds with biological
and phases of GaSedle x at nanoscales on GaAs(111), we demonstrate molecules. Finally, the potential of secondagnimass spectrometry
abnormal band bowing effects and phase instability region when (S|MS) for analyzing and imaging pore structure will be addressed.
components crystallize in different phases. Advanced microscopy and
spectroscopy measurements shows dellurium is alloyed into GaSe, 9:00am IPF+AS+BI+N@oM3 Sequential Bottomup Assembly of
nanostructures undergo hexagonal to monoclinic and isotropic to Synthetic CellsJoachim SpataMax Planck Institute for Medical Resch,
anisotropic transition. There exists an instability region (0.56 < x < 0.67)Germany INVITED
where both phases compete and coexist, and two different bandgap valuesThe evolution of cellular compartments for spatially and temporally
can be faind at the same composition leading to anomalous band bowing controlled assembly of biological processes became an essential step in
effects. Findings also identify other potential systems including NbTiS3 andleveloping life. Synthetic approaches towards cellike compartments
shows the efficacy of the approach. Results highlight unique alloyingare still lacking weitontrolled functionéities as would be needed for more
effects, not existing in singlghase alloys, ahphase engineering routes for ~ complex synthetic cells. In part, this is due to the mechanical and chemical

potential applications in photonic and electronics. instabilities of the lipiebased protocells and a lack of technical means for
) ) ) their wellcontrolled manipulation. We developed droplet supportkgid
11:20am  2D+EM+MI+NS+T#MoM10  Low-Defect, ~HighUniformity bilayer vesicles by microfluidics to generate mechanically and chemically

TransferFree Graphene on Si@y Thermal Chemical Vapor Deposition  giaple and, therefore, manipulable céike compartments with a well
Leslie ChanD.S. Tsai, Z. Wang, C. Carraro, R. Maboudlaiversity of  gefined chemical and biophysical microenvironment. The enhanced
California, Berkeley stability enabled the sequential loadingf such compartments with
Chemical vapor deposition (CVD) has emerged as the customary approagfiomolecules by picinjection microfluidics without compromising their
for scalable, controllable production of graphene for integrated devices. functionality as synthetic cells. We demonstrate a successful sequential
Standard CVD graphene must tansferred from a generic metal growth  pottom-up assembly of a compartment with lipids, transmembrane
substrate onto the desired substrat(e.g, SlQ), but this extra transfer proteins (integrin’ F-ATP synthase) and cytoske|eton proteins which

often leads to wrinkles, contamination, and breakage that ultimately result would not assemble in a fu||y functional way by mixing and inc|uding them
in poor device performance. Several groups have demonstratecalmet in one pot at once

catalyzed direct C\Braphene growth on insulating substrates, but the o ] ]
final graphene products are deficient in quality and uniformity. This work 9:40amIPF+AS+BI+N8oM5 Activation of Inkjet Printed Cells Enhances

details an expansion of the parameter space that enables |aleéact, Microvasculature Formation in HostissuesThomas BolandB. Oropeza,
higheruniformity graphene than présusly reported using nickel and L.-H. Sothmversny of Texas at El Padd. YanezUniversity of South
copper catalysts, respectively. We introduce a mechanism based on carbofearolina INVITED

permeability that provides deeper insight into the growth process. Bioprinting refers to the caleposition of cells alongside scaffolding
Ultimately, these studies seek to inform the judicious choice of processmaterials to build twe and threedimensional constructs for tissue
parameters that will lead to largearea, highquality, layercontrolled engineering applications. The technology faces several limitations that
graphene directly on target substrates. present interestig engineering opportunities. The nature and scope of the
problems will be discussed in the context of the fabrication of
microvasculature. The current tisseagineering paradigm is that
successfully engineered thick tissues must include vasculature.eStoéli
membrane properties of thermal inkjet printed cells by evaluating showed
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normal electrophysiology, but sheterm membrane disruptions, which  in situ experiments often make use of specially designed samples and
allow small molecular weight molecules to enter. Cell viability was high andinvolve various methods for direct measurement of the reaction
apoptotic behavior was not upgellated. Alginate (1%) and gelatin type B parameters. Here we describe some of thesmtegies, but focus on one
(2.5%) constructs or scaffolds were prepared by bioprinting of a crosslinkemparticular sample design which we suggest is well suited for experiments
with endothelial and endothelial i/ cells. Control scaffolds were manually addressing chemical vapor deposition. In this sample design, growth takes
pipetted with the same cells and without any cells.Upon imf#ion the place at the tip of a hairpin cantilever microfabricated from single crystal
bioprinted endothelial cell constructs showed a nearly-feldl increase in silicon and heated by direct current. Epitaxial growth is possible on the
blood vessels was observed (p= 0.009), a dose response was observed beantilever surfaces, and deposition on materials such as amorphous silicon
the i cells seemed to inhibit vessel formation. The explanted implants nitride is achieved by first coating the cantilever. We discuss how the local
show large complete vaskw features on the H&E and CD31 stains; temperature and pressure can beeasured by monitoring a calibrated
Immunohistochemistry showed the tissue were regenerated with the growth process. We also discuss how growth can be examined under more
human cells that made up a large part of the vasculature. Further insightscomplex environments, such as electric fields, using designs involving
into how the inkjet printing process activated endothelial cells will be multiple cantilevers and actuators. We finally discuss approaches to higher
presented. Understanding these processes will improve bioprinting and pressure than is possible in conventional ETEM by integrating cantilevers in
may eventually lead to creating fully vascularized large soft tissues, whicha closed gas cell. Custom substrates based on microfabricated designs
have not been successfully grown thus far. appear poised to expand the possibilities of quantitatimesitu growth

) . experiments to exciting new regimes anthterials systems.
10:40am IPF+AS+BI+N@oM8 Challenges in Orgaspecific Vascular

Engneering and Tissue Assemblying ZhengUniversity of Washington ~ 9:40amMM+AS+NS+RloM5 In Situ Laser Heating and Excitation in the
INVITED Transmission Electron Microscope: Recrystallization, Grain Growth, Phase
Engineered tissues have emerged as promising new approaches to repafeparation and Dewetting in AgNios Thin Films Philip D. Rack
damaged tissues as well as to provide useful platforms for drug testidg ~ University of Tennessee Knoxvil. WuUniversity of Notre DameC. Liu,
disease modeling. Outstanding challenges remain in 1) the lack of wellUniversity of Tennessee KnoxvilleM. Moore, G.A. Magelaviks Ing.D.
defined and mature cell sources to facilitate translational outcomes and 2) Garinkel, University of Tennessee Knoxvill&.P. Camderniversity of
the lack of control over vascular structure and perfusion efficiency in Notre DameM.G. Stanford, G. Duschemiversity of Tennessee Knoxville
engineered 3D tissue construcsreventing largescale tissue fabrication, Motivated by the desire to image excited state and high temperature
and leading to insufficient perfusion after implantation in vivo. In this talk, | materials phenomena at the nano and atomic lsgaWaviks Inc. has
will present recent progress in my lab in engineering microvasculature fromrecently developed an in situ optical delivery tool for the (scanning)
human pluripotent stem cell derived endothelial celland their transmission electron microscope (S)TEM. The tool used in these
anastomosisn vitro and infarcted hearin viva The eventual goal of this  experiments contains two optical delivery channels and is mounted on a
drive is to use the single cell source to derive orgpacific vascular cells  Zeiss Libra 200 (S)TEM systém785 nm wavelength laser diode system
and tissue for regeneration. Next | will discuss our work in understandingcoupled through a fum mode field diameter singimode fiber is used to
the human microascular endothelial cell heterogeneity from four major deliver >200 mW to the sample surface. The laser can be gated from a few
organs, heart, lung, liver and kidney and describe their distinct structure ns to continuous wave (cw) at repetition rates up to 16 MHz. A second
and function. | will show an example of using human kiesgscific optical channel with a 10@m core diameter broad spectrum multimode
microvascular cells to model kidney specific injury. IKinawill discuss  fiber is also available for coupling to any excitation source in the
challenges and future perspectives towards engineering human ergan wavelength range from 200 to 2100 nm using a standard SMA fiber
specific tissue models. connector. The system is mounted to a 3 axis k¥, nanomanipulator
for focusing to the electron/sample coincident point (with sample tilted at
e J ~45 degrees). The system contains a lens system -tmage the fiber
Applications:The Que‘st‘ for Whole Organ Fabricatiofames J. YqaVake optics (1x) at a working distance of ~10 mm, which is long enough
Fgrest Schogl of Med|C|ne ) o INVITED eliminate charging and mimizes redeposition of material. To
Tlssue _engineering ‘and regenerative medlcme‘ has emerged as agemonstrate the functionality of the tool, we will show photothermal
innovative scientific field that focuses on developing new approaches 10 annealing results of a supersaturatedo®gios film. We will demonstrate
repairing cells, tissues and organs. Over the years, varioumestng recrystallization, grain growth, phase separation and solid state dewetting
strategies have been developed to build functional tissues and organs fofof the films via various laser powers, pulse widths, pulse numbers, laser
clinical applications. However, challenges still exist in developing complexagiys. Finally, we will demonstrate interesting in situ excited state

tissue systems. In recent years, 3D bioprinting has emerged as aphenomena via electron energy gain spectroscopy of plasmonic silver
innovative tool that enablesapid construction of complex 3D tissue pangparticles.

structures with precision and reproducibility. This developing field
promises to revolutionize the field of medicine addressing the dire need for 10:00amMM+AS+NS+REMoM6 In situ Transmission Electron Microscopy
tissues and organs suitable for surgical reconstruction. In this seseiel Study of the Mechanical and Electrical Properties of SingleVIll
and versatile approaches to building tissue structures using 3D printingSemiconductor Nanowires Lunjie Zeng Chalmers University —of
technology will be discussed. Clinical perspectives unique to 3D printedTechnology, Gothenburg, Swedef. GammerAustrian Academy of
structures will also be discussed. Sciences, AustriaB. OzdolLawrence Berkeley National Laborator¥.
Nordqvist, P. KrogstrupJniversity of Copenhagen, Denma.M. Minor,
Lawrence Berkeley National Laboratoiy. #ger, E. OlssonChalmers
In-situ Microscopy, Spectroscopy, and Microfluidics Focus University of Technolgg Gothenburg, Sweden _ _
Topic IV semiconductor nanowires possess outstanding electronic and

. mechanical properties that can be utilized in future hggeed electronic
Roam 202B- Session MM+AS+NS+ROM devices, solar cells and sensors. To better understand these properties and

Mechanical, Electrical, Thermal and Optical Systems for |ntheir relations tothe microscopic structure of the nanowires, it is critical to

. . . directly correlate the structure and properties of single nanowires.
situ’ TEM (9'0610'100 am)/Beam Induced Effects and However, the direct characterization of the mechanical and electrical

Processing in Liquid/Gas Cells for TEM/SEM (1€:2@10 properties of single nanowires, in particular, the redation between them

11:20am IPF+AS+BI+N80oM10 Bioprinting for  Translational

am) is still a challenge. In this study, we directly investigate the intrinsic
Moderators: Suneel KodambakaJniversity of Califoia, Los Angele©lga mechanical and electromechanical properties of individual InAs nanowires
OvchinnikovaOak Ridge National Laboratory using in situ transmission electron microscopy (TEM).

Quantitative stress, strain andlectrical transport measurements were

carried out on single InAs nanowires simultaneously. A Hysitron PI95
nanoindentation TEM holder was used for the in situ TEM study. By using
an electrical pustto-pull (EPTP) device in the in situ TEM holder, tensile
stress was applied via the nanoindenter in the holder while the force
applied on the nanowire was measured by a transducer in the holder. The
EPTP device also enables curreoltage ({V) measurements on single

9:00am MM+AS+NS+RBMoM3 Cantilever Substrates for Quantitative
Growth Experiments in the Environmental Transmission Electron
Microscope Frances Ros$BM T. J. Watson Research Center, MNVITED
Environmental TEM is an excellent tool for obtaining quantitative
information on growth processes and materials transformations. However,
it is essential to measure the local temperature, pressure, and otegr k
conditions at the sample location. Well controlled and accurately calibrated
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nanowires. Nanoscale lattice strain mappimgthin the nanowire was 11:40amMM+AS+NS+REloM11 Nanoscale Chemical Reactor Based on
performed using scanning transmission electron microscopy (STEM)ocalized Surface Plasmon Energy in Environmental Transmission Electron
combined with nanobeam electron diffraction (NBED). NBED diffractionMicroscope Canhui Wang, W-C. YangUMD/NIST R. SharmaNational
patterns were acquired using a Gatan K2 direct detection camera. Based ostitute of Standards and Technology

the detailed strain andstress measurements, YouBgmodulus and  Miniaturizing chemical processes in a research eghthas many
Poisso®@ ratio of single InAs nanwires were directly determined. The advantages, including the ability to examine the reaction at atomic
Youn@@ modulus of single InAs nanowire is smaller than that of the bulk, resolution, the reduced usage of costly and/or hazardous chemical
while the Poisso@ ratio of the InAs nanowire is similar as the bulkd. reagents, and the ability to be integrated into analytical devices?][1
The electrical measurements showed that the resistivity of the InAs However, the current efforts of miaturizing chemical processes have
nanowires decreased continuously with increasing tensile stress. Thepeen limited by achievable minimum reaction volume and the lack of
piezoresistance coefficient of the nanowire was found to be significantly precision control over the reaction locations. Herein, we demonstrate a
larger than that of bulk InAs. Moreovesignificant inhomogeneous strain  nanoscale chemical reactor utilizing localized surface plasmon (LSP)
distribution within the nanowire under stress was unveiled by SNBED  resonance ashe energy source in an environmental transmission electron
strain mapping. The inhomogeneous strain distribution at nanometer scalemicroscope (ETEM). This approach allows us to confine the reaction within
can increase the resistivity of the nanowire by enhancing electron proximity of the nanoparticle while taking advantage of the high spatial
scattering The findings demonstrate unique mechanical and resolution capability of the electron microscofgemonitor the reaction.
electromechanical properties of the nanoscale InAs wires and provide newp
insights of the correlation between mechanical strain and electrical
transport properties in freestanding nanostructures.

lasmonic nanoparticles, such as Au or Al, are placed in a reactive
environment inside the ETEM. The composition and partial pressure of the
gases are controlled by a gas handling system. Electron efesggpectra
Financial support from Swedish Research Council and Nanoscience an@ELS) imagirig used to acquire both elemental and LSP maps from the
Nanotechnology Area of Advance at Chalmers University of Technology argame nanopatrticle. This allows the mapping and quantification of different
acknowledged. gas adsorption on the nanoparticle surface. The energy required for the
reaction of interest is provided by the LSP resomaggcited by the high
energy electron beam. The reaction location is confined within proximity of
the nanoparticle due to the local field enhancement of the LSP resonance.
Using a nomegative matrix factorization machine learning algorithm [3],
we map theenergy transfer pathways from the electron beam to the
nanoparticle at nanometer spatial resolution and 0.08 eV energy
: resolution. The temperature distribution of the nanoparticle is monitored
and electronics. TQuih few-nanometer spatial resolution using timesolved EEL$Reaction

10:40am MM+AS+NS+REIoM8 Radiolytic Synthesis of Nanostructured
Materials usingln situ Liquid Cell Mtroscopy Raymond Unoic, X. Sang,
A. Belianinov, O.S. Ovchinnikova, K. More, S. J@sseRidge National
Laboratory INVITED
There are a wide range of solutitmased strategies available for the size
and shapecontrolled synthesis of functional nanomaterials for applications
in catalysis, energy storage, biomedical, optical,

elucidate growth mechanisms) situliquid scanning transmission electron

microscopy (STEM) plays a role for directly imaging and quantifying growtl

dynamics of nanoparticles from ligliphase precursors. In this work, we
report several strategies for thactive controlled synthesis of metallic and

bimetallic nanoscale architectures using the concept of radiolytic synthesis

In one approach, we developed a direetite, templatefree method to
fabricate selfsupporting, hollow, metallic nanostructures, and we interpret

the formation mechanisms based on direct observations of nucleation and

growth. The electron beam used for imaging stimulates radiolysis
promoting the dissociation of wat (HO) molecules and the formation of
complex radical species such as aqueous electrag} §ad other reducing

rocesses, including morphological changes and transition of crystalline
hases, are monitored using aberrationrrected atomieresolution
movies. By utilizing LSP resonance to initiate the reaction, we show that
chemical processes can be coefil in a nanometer scale volume, and

‘modulated by electron flux. Important factors of the reaction, including

composition of the reactants, adsorption of gases, transfer of energy,
change of temperature, as well as reaction dynamics, can be monitored
with nanometer or atomic resolution. Our approach paves the way to

' understanding a wide range of chemical reactions at the atomic scale.

References:

and oxidizing species. The highly reducing radiolytic species assist in thil] Abdelgawad, Mohamed, et al. Lab on a Chip 9.8 (2009)-1088.

chemical reduction of metal ions from the precursor solutiorsuténg in

the formation of a metallic nanocrystal seed, which then acts as a catalys
for Hz gas generation forming a metal encapsulated hollow nanobubble. In

another approach, a custosuilt electron beam nanopositioning and sean
generator system is usetb precisely control the position and electron
dose of the focused electron or ion beam to fabricate metallic and

[2] Williamson, M. J., et al. Nature materials 2.8 (2003): 532.
3] O. Nicoletti, et al. Nature 502.7469 (2013): 80.

Materials and Processes for Quantum Computing Focus

bimetallic nanostructured materials. These strategies enable fundamentaITopic

electron beam interaction studies and open a new pathway for diveie
nanolithography from liquiephase solutions.

This research was supported by the Center for Nanophase Material

Sciences, which is a United States Department of Energy Office of Scien

User Facility.

11:20amMM+AS+NS+R@10oM10 Electron Beam Induced @ssLinking in
Liquid Hydrogels Tanya Gupta A. Kolmakov,National Institute of
Standards and Technology (NIST)

Advances in additive manufacturing of Hieendly polymeric mterials

S
Moderator: Vivekananda AdigdBM, T.J. Watson Research Center

Room203A- Session MP+EM+MN+N&oM
Systems and Devices for Quantum Computing |

9:00am MP+EM+MN+N$10oM3 Quantum Supremacy: Checking a
Quantum Computer with a Classical Supercompytelohn Martinis
Google Inc INVITED

As microelectronics technology nears the end of exponential growth over
time, known as Moor@ law, there is a renewed interest in new computing

over the last decade has revolutionized the diverse fields like rapid Paradigms such as quantum computing. A key stepémroadmap to build

prototyping, tissue engineering, drug delivery etc. The technology currently

a scientifically or commercially useful quantum computer will be to

relies on laser, thermal or UV induced 3D printing. Other triggers with d€monstrate its exponentially growing computing power. | will explain how

similar effects can in pringie be used as ionizing radiation to carry out the

crosslinking. In this work we explore the use of electron beam to perform

3-D patterning at mesoscale and explore its potential towards rapid
prototyping. In particular, knowledge of electron interactionittw the
printing ink allows us to predict effect of various control parameters like
beam energy , current and dwell time on the topology of the features
formed. A MonteCarlo simulation coupled with a rigorous kinetic model is
built to study the interplayof dose distribution, total interaction volume
and diffusional effects of the active radiolytic species.

Monday Morning, October 22, 2018

a 7 by 7 array of superconducting xmon qubits with neanesghbor
coupling, and with programable singleand two-qubit gate with errors of
about 0.2%, can execute a modest depth quantum computation that fully
entangles the 49 qubits. Sampling of the resulting output can be checked
against a classical simulation to demonstrate proper operationthef
quantum computer and compare its system error rate with predictions.
With a computation space of 2749 = 5 x 10714 states, the quantum
computation can only be checked using the biggest supercomputers. | will
show experimental data towards this demorstion from a 9 qubit
adjustablecoupler cgmorg device, which implements the basic sampling
algorithm of quantum supremacy for a computational (Hilbert) space of
about 500. We have begun testing of the quantum supremacy chip.

1NSTD Postdoc Finalist
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9:40am MP+EM+MN+N®&10M5 Active Protection of a Superconducting  on the metallic trap electrode surfaces. Gold electrodes are often used to
Qubit against Josephson Amplifier Backactidaleegh AbdpN.T. Bronn, avoid oxidation and other contaminants, nevertheless a thin carbonaceous
0. Jinka, S.B. Olivadese, A. Corcoles, M. BBNK,T. J. Watson Rearch layer ofapproximately 3 monolayers (ML) develops on Au, even due to air
Center R. Lake, D.P. Pappablational Institute of Standards and exposure alone. In this work, we have studied the model system of
TechnologyJ.M. ChowiBM T. J. Watson Research Center C/Au(110) (2 x 1) to understand the mechanisms for the variations in the
Nonreciprocal microwave devices, e.g., isolators and circulators, are keyurface dipolenoment density as a function of thdegree of carbon
components in higidelity, quantumnondemolition (ND), measurement  coverage. We have implemented Kelvin probe force microscopy, along with
schemes. They separate input from output and protect the quantum x-ray photoelectron spectroscopy, to determine an average dipotenent
systems from unwanted backaction originated by the output chain. density with increasing carbon coverage, and have compared the results to
However, stateof-the-art, cryogenic circulators and isolators are density functional heory aided by afnitio molecular dynamics
disadvantageous in scalable architectubezause they are lossy, bulky and techniques. We find a nearly linear decrease in the work function with a
use magnetic materials and strong magnetic fields, which are notrate of approximately0.7 eV/ML for subnonolayer coverages, a regime in
compatible with superconducting circuits. In this work, we realize and Which trapped ions have been observed to have a maximum rate of
characterize nonreciprocal, superconducting devices suitable for qubitheating. Finally, we compare the results for the model system to those for
readout, whichare formed by coupling two nondegenerate Josephson a microfabricated iosrap chip with electroplated Au electrodes
mixers in interferometric schemes. Nonreciprocity is generated by applyingcontaminated with a native hydrocarbon layer incrementally removed by
a phase gradient between the sarfrequency pumps feeding the devices, ion bombardment.

which play the role of the magnetic field in a Faraday medi We 11:00am MP+EM+MN+N$IoM9 A Compact Cryogenic Setup for

incorporate these Josephsdrased, nonreciprocal devices into a qubit . . ) : .
. . .. Quantum Computing with Trapped Atomic lonsmail Inlek R. Spivey, G.
setup and demonstrate fast, higidelity, QND measurements of the qubit Vrijsen, Z. Jia, J. Kibuke University

while actively protecting it against Josephson amplifier backaction. o ) . ) )
Trapped atomic ions are standard qubits for quantum computing with their

10:00am MP+EM+MN+N$1oM6 Nonlinear Lght-matter Interaction: long coherence times and highilelity qubit operations for universal
From Superconducting Qubits to Spins in Diamorteyal Buks Israel guantum logic gates. However, conventional fpeg ion systems often
Institute of Technology, Israel utilize bulky vacuum and optics setups, hindering scalability and ease of

Cavity quantum electrodynamics (CQED) is the study of the interactionuse. We aim to address these infrastructure issues by packaging-micro
between matter and phains confined in a cavity. In the Jayr@smmings fabricated ion traps in an ultrigh vacuum (UHV) environment and
model the matter is described using the tevel approximation, and only ~ designing optics to ban integral part of the overall system. Additionally,

a single cavity mode is taken into account. The interaction has a relativelysmall footprint of the sealed UHV package allows users to easily install it on
large effect when the rati@ 2. between the energy gaf separating the a cryostat to benefit from lower heating rates and further reduced vacuum
two levels and the cavity mode photon enermy is tuned close to unity. levels. Moreover, these ion trap packages carcbeveniently swapped to
The talk is devoted to the study of the ligimatter interaction in the b(_anefit from microfabricgted ion trap‘manufacturing improv_ements .
nonlinear regime using three different CQED systems. In the firstWlthOUt external UHV malnFenance requ_lrements. Towards ac_h|evmg this
experiment a Josephson fluqubit serves as a twievel system and a goal, we report successful ion trapping in a compact cryogenic setup and

superconducting resonator as the cavity [1]. We experimentally find that chargctgrlze the perfenance of our apparatus for quantum computing
the cavity response exhibits higher order resonances (called superharmoni@ppl'cat'ons'

resonances) in the nonlinear regime when the rdflo. is tuned abse to 11:20am MP+EM+MN+N$1oM10 Advances in Trapped lon Quantum
an integer value larger than unity. In the second experiment the interaction computing Jungsang KimDuke University INVITED
between a spin ensemble of diphenylpicrylhydrazyl (DPPH) molecules and ®rapped ions provide a highly desirable physicalssate on which to

superconducting resonator is explored in the region whefe. | 1 [2].  consiruct a scalable quantum computer. All qubits are exactly identical by
We find that the cavity resptse is significantly modified when the spins  atyre, can be well isolated from the environment to establish long
are intensively driven close to their Larmor frequency. Retardation in the ¢gherence times, and high fidelity quantum logic gates have been readily
response of the spin ensemble gives rise to effects such as cavity modgygijaple. Furthermar, the longrange Coulomb interactions used for
cooling and heating. In the third experiment the interaction ween multi-qubit gates in a chain allows for highly connected network of qubits
localized spins in diamond (nitrogeracancy and nitrogen substitutional)  hat are fully programmable, opening up opportunities for advanced and
and a superconducting resonator is studied [3]. We find that nonlinearity fayiple quantum computer architectures. Some of the most adea and

imposes a fundamental limit upon sensitivity of CQEBed spin  complex quantum algorithms have been implemented in trapped ion

detection. systems leveraging these features. On the other hand, the ion trap systems
References so far have mainly relied upon conventional methodology used in atomic
1. Eyal Buks, Chging Deng, Jeahuc F.X. Orgazzi, Martin Otto and Adrian physics labs to set up the lasers,cueam chambers and their optical

Lupascu, Phys. Rev. A 94, 033807 (2016). alignments to realize the system. Novel integration technologies, including

) . . ) . micro-fabrication, micreelectromechanical system (MEMS), and advanced
2. Hui Wang, Sergei Masis, Roei Levi, Oleg Shtempluk and Eyal Buks, PRy aqing approaches have been adopted in the past decade to push the
Rev. A 95, 053853 (2017). integration level for trapped ion systems. In this presentation, | will
3. Nir Alfasi, Sergei Masis, Roni Winik, Demitry Farfurnik, Oleg Shtempluckummarize the stat®f-the-art systems used to implement quantum
Nir BarGill and Eyal Buks, arXiv:1711.07760. computing applications in the laboratories today, and also outline system

10:40am MP+EM+MN+N$10M8 Variations in Surface Dipoloment design approach pyrrently undertqken to improve tbility, reliability, )

. . and programmability of trapped ion quantum computers. Then, | will
Density with Coverage for C/Au(11@)(2 x 1) and Electroplated Au lon . o .

o . . discuss the opportunities and challenges ahead for reaching a scalable

trap ElectrodesDustin Hite K.S. McKayNational Institute of Standards uantum comouter canable of executing useful tasks
and Technology (NISTH.Z. JooydTAMP, Harvar@mithsonian Center for q P P 9 '
Astrophysics E. KimUniversity of Nevada, Las Veg&sF. WeckSandia
National Laboratories HR. Sadeghpour]TAMP, Harvar®mithsonian . .
Center for AstrophysiceD.P. Pappas\ational Institute of Standards and Nanometerscale Sm_ence and Technology Bion
Technology (NIST) Room 102B- Session NS+2D+AN+EM+MN+MP+PG+RM
lon traps, designed to test the feasibility of scalable quantum information MoM

processing, suffer from excessive elecfiédd noise that increases strongly TS ion: N d Devi ds
as the iorelectrode spacing decreases in progressively smaller traps. ThiéO ession: Nanostructure evices an ensors

noise couples to the charge of the ions in the trap causing motional Moderators: David CzaplewskArgonne National Laboratoryjya YUNIST
heating, which can result in the decoherence of quantum logic gates. Thiscenter for Nanoscale Science and Technology
heding can be reduced by orders of magnitude with the use of cryogenicg.o0am NS+2D-+AN+EM+MN-+MP-+PC-+RIM1 Integrating

trap electrodes or by isitu surface cleaning with ion bombardment in  Nanodiamonds with Augmented Artificial Intelligence and Digital Health
traps with roomtemperature electrodes. Many experiments over the past Optimize Combination Therappean Ho UCLA INVITED
two decades have supported theories that moties noise source as being Dean Ho. Ph.D

caused by fluctuations in the dipole moments of contaminant adsorbates
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Nanodiamonds have emerged as promising candidates for clinical drugsensors, the supporting substrater@rely considered, resulting in devices
delivery due to their ability to carry a wide range of candidate therapies, that are often brittle and have a fixed amount of nanomaterial that can be
unique surface properties, and biological tolerability. This lecture will exposed to target analytes. Recent work using paper as the supporting
highlight our recent clinical trial towalidate a nanodiamonémbedded substrate yields more affordable sensors that are flexible, allowdmgaf
biomaterial for root canal therapy indications [1]. We will discuss the broad more robust device. Furthermore, the porous morphology of the paper
spectrum of efficacy, safety, characterization, and other studies that also provides a larger surface area to attach metal oxides when compared
bridged in vitro with preclinical and downstream-fimman studies. This  to a traditional flat substrate of the same dimensions. Another limitation of
lecture will also discuss upcoming clinical nanodiambaded drug carrier ~ these metal oxide sensors is &nent in the detection method. The lack of
studies, as well as our work in augmented artificial intelligence (Al) toselectivity and required operating temperature @300 °C limits the
develop globally optimized nanodiamomdodified therapy. Pairing  widespread use of metal oxide sensors. Dopants or the addition of a filter
nanodiamond platforms with augmented Al wékd to major advances in  in the device design are typical approaches to address these problems
drug development and markedly improve response rates and treatment however, this increases fabrication complexity and cost. Plasma processing
outcomes for a broad spectrum of disorders. Our recent clinical trials usingis a promising strategy to address these issues because it maintains
these powerful combination therapy optimization technologies and digital desirable bulk properties but modifies the surface of the material to
health platbrms to scale their implementation to usher in a new era of enhance gas sensor performance.

nanomedicinebased treatment will also be discussed [2]. Here, wedescribe the Ar/@ plasma modification of paper based, tin (IV)

1. Lee et al., Proceedings of the National Academy of Sciences, 2017 oxide (Sng) nanoparticle devices as a function of applied rf power and
precursor pressure. After plasma modification, the papased sensors
exhibited improved response to carbon dioxidehanol, and benzene
9:00am NS+2BAN+EM+MN+MP+PC+RMbM3 Morphology-Controlled when compared to the untreated material on a more traditional substrate,
LargeScale Tin Oxide Nanostructures for Highly Sensitive Room zirconium dioxide. Additionally, sensor response to a target gas changed
Temperature Gas Sensohkmrit Sharma Norfolk State University depending on the plasma modification parameters used, indicating the
Highly sensitive largscale tinoxide (Sng) nanostructures were grown on  selectivity of theseSnQ sensors can be easily tailored via plasma
a glass substrate by vapbquid-solid (VLS) process using a mixture of processing. Response and recovery studies of both the treated and
anhydrous tin () chloride (SaChnd zinc chloride (Znflpowders. We untreated sensors will be discussed to demonstrate the dynamic behavior
demonstrate a new kind of single cell vapor deposition systenréaigely of these devices to the target gases as another measure of gas sensor
control nanostructural morphology by changing the weight ratio of SnCl performance and durability. Along with sensing behavior, optical emission
and ZnGl and growth temperature. The morphology and structural spectroscopy and -Kay photoelectron spectroscopy provide insight into
property of asgrown nanostructures were characterized using scanning how the plasma modified the material, ultimately elucidating the
electron microscopy (SEM) andra¢ diffraction (XRD). The SEM images relationship between material surface chemistand sensor selectivity.
revealed that the Sn{nanostructures with different densities, sizes, and Finally, preliminary work using this same fabrication process with another
shapes can be achieved by adjusting the weight ratio of28n€@€1ZnGl type of metal oxide gas sensor will be discussed to demonstrate the
SnQ nanostructures with diameter ~20 nm and length ~100 nm showed applicability of this method for other types of materials. Ultimately, these
~85% sensitity and 53 seconds of response time, whereas the nanorods data work bward improved understanding of the gas sensing mechanism
with diameter ~100 nm and length ~ 1mm showed ~50% sensitivity withto design better performing gas sensors.

198 seconds response time. The nanostructured material with small size, .
and shape showed better sensitivity on sensing at room perature 10:00am NS+2D+AN+EM+MN+MP+PC+RIM6 TIN@SNs Coreshell

compared to previously reported SaBased sensors. Heterostructur(_es as Nanoantennas for Photocata_ly_tic Refor_ming of
Methanol, Alejandro Alvarez Barragan L. Mangolini, University of
9:20amNS+2D+AN+EM+MN+MP+PC+RIgM4 Improving the Localized  California, Riverside
Surface Plasmonic Resonance Sensing Properties by CompositeThe lightharvesting capacity of plasmonic nanoparticles has recently
Metal/Dielectric Mixtures, Steven Larsol) Y. ZhaoUniversity of Georgia garnered attentionin the synthesis of nanoantennas for photocatalysis.
Localized surface plasmon resonance (L®B&d sensors, whose Aluminum, gold, and silver have been used to successfully drive hydrogen
resonance absorbance wavelength responds to the change in the locablissociation and CO oxidation reactions by injecting hot electrons into
dielectric environment haw attracted great attention and have been chemically active catalystssuch as platinum and pallagnt adsorbed to
widely studied over the past decade. These sensors are traditionallytheir surface. However, the low response of aluminum at vigiear
improved by modifying the shape, size, and gap in the plasmonicinfrared (visNIR) wavelengths, the high cost of silver and gold, and the low
nanostructure of the sensor. The sensitivity can also be tuned by thethermal stability of these three metals, inspire the quest for alternative
dielectric constant of the plasmonic material, such as noble metal alloys, plasmonic material that could potentially expand the field towards more
but the improvements are not significant. Here we show that using a ambitious and coseffective applications. Titanium nitride (TiN) is a
metakdielectric composite, one can significantly improve the sensitivity of conductive ceramic with high hardness and bulk melting point (2@30lts
a LSPR sensor. Regular nanotriangle patternplssncomposed of a  plasmon resonance located in the W$R region, lowast relative to gold
mixture of Ag and Mghwith different composition ratios are prepared by and silver, and wellinderstood properties as a thin film in the
combining nanosphere lithography and electron bearrdeposition. The semiconductor industry, make it a strong alternative to mainstream
plasmon resonance of these composite nanostructures at high Agplasmonic metals. The present work encompasses a comprehensive study
composition Cagare shown to edshift with Gy until a composition of the oxidation kinetics of TiN apticles at the nanoscale and an
threshold Cag?X90%) is met, where the resonance wavelength is nearly exploration of its role as nanoantennas for lighttuced methanol
constant, slightly blue shifting. Multiple morphological and compositional reformation. TiN particles are synthesized via a scalable, modular, non
characterization techniques are used to confirm that the shifts in the thermal plasma method. Titanium and nitrogen precursors are transported
plasmonic properties are due to the change in composition and not ainto a RF fquency plasma where TiN particles nucleate and grow. The
change in the morphology. The resulting LSPR senddg at 90 at.% can high surface area and nitrogen deficiency of the particles facilitate the
achieve a sensitivity of 696 RIU/nm, as compared to 312 RIU/nm for theoxidation of the material and weaken its plasmonic response. The
same nanotriangle with pure Ag. This signifity improved sensitivity is  introduction of a secondary reactor with an input of £#d precursor gas
due to the modified dispersion relationship of the dielectric constant by the leads to the formation of a $i4 coating. STEM and XPS analyses show that
composite and will play an important role in future plasmonic material SiNs acts as a diffusion barrier, dramatically reducing the oxidation of the
design and applications. ~8 nm TiN particles. WsNIR spectrophotometry data show that the

) . coreshell heterofructures experience a substantial bhkskift of the
9:40am  NS+2D+AN+EM+MN+MP+PC+RIdMS  Improving ~ the 1o q0n peak and an increase in intensity compared to the bare TiN.

Seb(.:t'ivit)./ of Ti.n (Iv) Oxi'de Paper Bgsed Gas Sensors with Plgsma Surfacg”atinum nanoparticles were subsequently deposited on the TiMNDBY
Modification, Kimberly Hiyoto E.R. FisheGolorado State University photo-induced reduction of an aqueous solution of chlorplatiadid. After
Metal oxide nanomaterials are desirable for sesidte gas sensors because  rinsing and centrifuging, the PUTIN@ISi heterostructures were diluted in

of their ability to detect a wide variety of gases through changes in 5 50:50 water/methanol solution. Upon photoexcitation via white light
resistance resulting from gamurface interactions. When optimizing these  jjjymination, hydrogen generation was readily detected by gas
chromatography. This work also higits the wide range of applications
available for lighinduced processes, ranging from materials processing

2. Zarrinpar et al., Science Translational Medicine, 2016
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(deposition of Pt particles) to photocatalysis (methanol reforming). It also highly reproducible alternatives to the more common metallic or
strengthens the case for alternative plasmonic materials in a field semiconductotemplates.

dominated by precious metals. Research supported by the Army Research Office (W1TNF0154).

10:40amNS+2D+AN+EM+MN+MP+PC+RIM8 Nanostructured Sensor 11:40am NS+2D+AN+EM+MN+MP+PC+RigM11 ngh Performance
and Device Applications of Infiltrated Zinc Oxideeonidas OcolaArgonne  petection for Xray and g-ray with MAPbX Perovskite Single CrystalX.
National LaboratoryY. Wang, J. Cheldniversity of Wisconsivilwaukee Wang, Z. Zhu, Q. Li, J. Wu, X. Zhang, B. Wdeid,.ej Southeast University

P. BIa|sdelP|Juan,CaI|forn|a State Universifyullerton R. Divanfrgonne Recently, organometallic lead trihalide perovskites have emerged as a new
Ne.atlonal Lgboratory . . . . INVITED generation of opteelectronic materials. However, the high performance
With the increased portfolio of materials deposited using atomic layer gatection for xray and gammaay with MAPbXis still a big challenge. For
deposition (ALD) _there has been an iqcregsed intergst in infiltrated metaIX_ray and gammaay detections, the detectors should have high sensitivity.
oxides such as zinc oxider novel applications. We find that ZnO metal |t the photon counting method is adopted, the high energy resolution and
oxide ALD infiltration can be useful for nanoscale resolution imaging thigh time resolution are also reqed. In this work, the large area MAPBBr
biological samples and to fabricate novel UV and gas nanosensors with higEingIe crystal has been fabricated with a facile methodology. Due to the
sensitivity. The ALD infiltration utilizes similar concegftshe ALD coating quite thick active material and large carrier mobility, theay photons and
process with the significant difference in process exposure times, pressureégammaray photons can be absorbed with high efficiency. Thetpho
and purpose. The purpose is to allow the precursor gases infiltrate a porougenerated electrons and holes can also be collected effectively with the
media (such as a dry biological sample or a photoresist polymer) and allowarge electric field. To decrease the dark current in the detection, a novel
the readion to occur inside the material matrix. photo-diode structure is proposed here. In crystallization process of
In terms of device fabrication we use SU8 as a negative resist that allow$1APb} single crystal, the 4o junction can be formed with doping of
for localization of the infiltration process. We have used this property to selenium atoms into MAPbsingle crystal.

make a device that is UV sensitive, and that is sensitive tM pp \ith various temperature method, the 30m¥B0mMMX7mm MAPbBs
concentrations of gases by using infiltrated zinc oxide. The large bandgagjngle perovskite crystal is fabricated. As the experimental results shown,
and semiconductor properties of ZnO allow for a vistidlad ultra violet almost all of the 100 keV-ray photons ae absorbed when the MAPhBr
light sensor. We used a standard UV flashlight that emits at 408 nm as thespc is 7mm thick. The detection sensitivity is as high as@Gyilcnm

UV source. We also tested tlsame device for sensing gases like nitrous zyhen the anode voltage ofay tube is 30 kV .

oxide and formaldehyde. We show that the device can detect these gases_l_ d he dark in the d . f oh diod
with concentrations of 5 ppm. The change in current for such low 0 reduce the dark current in the detection, two type of photo diode

concentrations was measured to be between 25% and 35 % structures have been proposed heréirstly, a photo diode with structure
: of Au/TPD/MAPDbBr PSC/e/PCBM/Ag has been fabricated with spin

With the purpose ofnvestigating quantum applications of infiltrated ZnO,  ¢oating and sputtering methods. Although the dark current density can be
we also have characterized the growth of ZnO inbP3IMA block  reqyced to 20 nA/cwith -30V bias voltage, the temporal response time
copolymers (BCP) of spherical and cylindricatZlbm morphologies and s neary 50 >s due to the defects on the interfaces between PSC and
studied how the photolumlnespence of thesg n{;\nostructures varesits carriers transport layers. Then, by doping selenium (Se) in MAPbI
seed layer. We report blushifted photoemission at 335nm (3.70eV), heroyskite single crystals (DPC) crystallization process, low dark cument p
suggesting quantum confinement effects. Samples of ZnO prepared with aMunctions were fabricated without any organic ¢ag. This photodiodes
alumina seed layer showed additional defect state photoemission at gives the high detection sensitivity as 21000 mG-@yn2 and 41 mC Gy
470nm_ and 520nm for sp_her_ical and cyliodl BCI_?J morphologies,  1:m2 for 60 keV xay and 1.33 MeV gammray respectively. In this
respectively. Defect photoemission was not observed in samples preparedypgiadiode, the transition time becomes shorter under higher electric
without a seed layer. No Raman peaks were observed for any samples Witle|q, and the caier lifetime also becomes shorter due to the dopant of Se
less than four cycles of ZnO, implying the absence of phonons and theygms. Finally, the temporal response time is measured ass3by
functionality of hese ZnO nanostructures as isolated emitters. To that experiments. The FWHM width of energy spectrum is decreased to
effect we have demonstrated a fabrication path to isolate single infiltrated 3.2%@1330 keV.

cylinders, paving the way for further studies of optical properties of
individual 20 nm ZnO nanostructures.

- Use of the Cemr for Nanoscale Materials an Office of Science user Advanced Surface Engineering Division

facility, was supported by the U.S. Department of Energy, Office of Scienc ~ . +NS+

Office of Basic Energy Sciences, under Contract NOADEO6CH11357. “Room 202G Sesion SE+NS+TWoM

Nanostructured Thin Films and Coatings

Moderators: Jianliang LinSouthwest Research Institut®jatjaz Panjan
Jozef Stefan Institute, Slovenia

11:20am NS+2D+AN+EM+MN+MP+PC+RIM10 Templates for the
Investigation of SizeSelected Nanocluster NetworksPatrick Edwards
V.V. KresirlJniversity of Southern California

The study of metal nanoclusters has revealed quantum nanoscale effect8:20amSE+NS+ToM1 The Role of Mechanical and Chemical Bonding
unique to the fully sizeesolved regime. A highly notable example is Mechanisms in Adhesion dflanoporous Anodic Aluminium Oxides (AAO)
electronic shell structure, akin to that in atoms and nuclei, which arises Shoshan AbrahamiVrije Universiteit Brussel (VUB), BelgjushC. Gudla,
when confined conduction electrons orgae into discrete energy levels. Technical University of DenmarK. MarcoenVrije Universiteit Brussel,
One consequence is the possibility of dramatic enhancement in electronBelgium J.M.M. de Kok,Fokker Aerostctres T. Hauffman, Vrije
Cooper pairing. Recent research from our group has provided evidence ofJniversiteit Brussel, BelgiunR. Ambat,Technical University of Denmark
this enhancement in certain free Al nanoclusters, with the electronic J.M.C. Mol, Technical University Delft, Netherland$l. Terryn, Vrije
transition taking place at a temperature two orders of magnitude above Universiteit Brussel, Belgium

that of bulk aluminum. We now aim to take advantage of this phenomenon Anodic aluminum oxides (AAOs) are important nanostrieg in many

by exploring the pairing transition in siselected nanoclusters selfiatnded engineering applications. But despite their popular use, the important
on an appropriate substrate. Of particular émést are graphene and parameters that control their (di}bonding to an organic coating are not
nanotube device architectures which provide unique templates for fully understood. This study uses an original approach that employs
organizing nanocluster arrays. For example, a network of suchporous and barrier AAO speciens for both chemical characterization and
superconducting nanoislands may induce superconductivity in graphenemechanical tests, thereby enabling the distinction between chemical and
even at low coverages. Theory als@gicts that an array of nanoclusters  morphological contributions to the surface affinity for interfacial bonding.
will not only support, but even enhance the Josephson current 48y 2 A validation for the cooperative effect of mechanical and chaiiionding
orders of magnitude. Carbon allotropes offer two distinct advantages for mechanisms is given in this study. This was achieved byaposiizing

our system. First, the weak oof-plane bonding provides a surface with immersion of AA@ in sodium fluoride solution after anodizing in sulfuric
less potential to disturb the structure of the sofanded nanoclusters.  acid (SAA) or a mixture of phosphermd sulfuric acid (PSA). Transmission
Second, the tunability of graphene and carbon nanotblased field effect electron microscopy @M) crosssection images show that fluoride
transistors offers a versatile probe of nanocluster properties. We are alsoassisted dissolution smoothed the oxide surface, removing the -fikeil
investigating the use of biologicaknowires (bacterial flagella) as potential top nanostructure of the porous oxides, which are important for dry
scaffolds upon which to deposit such nanocluster networks. Theseadhesion. However, chemical surface modifications were dependenten th
abundant and naturally occurring nanowires could serve as low cost andinitial oxide composition, as measured by-ray photoelectron
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spectroscopy (XPS) and ThofeFlight Secondary lon Mass Spectrometry

resistance, brdness, diffusion and thermal conductivity. While research on

(ToFSIMS). Chemical analysis reveals that the surface hydroxyls of AAO atmilk high entropy alloys has seen quite a boost over the past years,

partially replaced by fluorides that do notrfa interfacial bonding with the

investigations on thin films are still a relatively unexplored area.

epoxy resin. As a result, the peel strength of SAA under wet conditions isrhe focus of this report lies on the synthesis of MoaNW HEA thin films
severely reduced due to these chemical changes. Conversely, fluorldeby two different physical vapor deposition techniques, magnetron

assisted dissolution of surface phosphates in PSA compensates for thgptering and cathodic arc deposition. The films were synthesized i Ar/N

adsorbed fuorides and the wet peel strength of PSA panels is not further
deteriorated.

[1] S.T. Abrahami et al., J. Phys. Chem. C, 119, 119375 (2015).
[2] S.T. Abrahami et al., npj Materials Degradation, 1, 8 (2017).
[3] S.T. Abrahami et al., J. Phys. Cherhi2@,, 1967019677 (2016).

8:40am SE+NS+THoM2 Tuning Surface States of Nanocrystalline ZnO
Films by Atomic Layer Deposited k@. Yilch Tran M. Law,Univesity of
California, Irvine

We developed a facile route to tune the surface states ofgeblprepared
nanocrystalline zinc oxide (ZnO) thin films using ultrathin coatings o
titanium oxide (TiQ) grown by atomic layer deposition (ALD). The
electronic strcture, surface states, and optical properties of the resulting
ZnO/TiQ films are characterized by-tdy and ultraviolet photoelectron

spectroscopy (XPS, UPS), reflection electron energy loss spectroscoﬂ?

(REELS), Wks absorption spectroscopy, and phatolinescence (PL)
spectroscopy. The surface bandgap of ¥AB0 is slightly increased

atmosphere with varying gas flows in order to study the influence of N
addition on structure angbroperties of the HEA thin films. Analysis bsa}(
diffraction revealed a phase change from bamntered cubic (bcc) in case

of the metallic HEA films to fagentered cubic (fcc) for the nitrides. A
slightly lower N gas flow is necessary in the caseneagnetron sputter
deposition to trigger the phase change than in the case of cathodic arc
deposition. However, in both cases an increase in hardness was observed.
For example, in the case of the films deposited by cathodic arc, the
hardness increased fro 18 to 30 GPa with the change from bcc to fcc
phase. To further characterize the mechanical and electrical properties, the

¢films were deposited on polymer substrates. The adhesion energy as

determined from the geometry of buckles formed on the surface te
compressive stresses was a few A/in-situ uniaxial tensile tests revealed

a brittle behavior of all films with crack onset strains of up to 3 %. The
rmation of elongated through thickness cracks caused a rather abrupt
increase of the resistivitypon the crack appearance.

9:40am SE+NS+HfHAoM5 Isomeric Phase Composition and Mechanical

comparing with that of ZnO. More importantly, we found that the surface Properties of NbN Nanocomposite Coatings Deposited by Modulated
gap states and interband transitions of ZnO were significantly suppressedised Power Magnetron Sputtering’.G. LiH. Yuan, Z.T. Jiang, N. Pan

by the TiQ layer, whichmay be useful for enhancing the performance of
optoelectronic devices that utilize ZnO interlayers

9:00am SE+NS+THAoM3 Two-dimensional Hexagonal Boron Nitride
(hBN) Layer Promoted Growth of Hightyiented, Trigonalstructured
TaC(0001) Thin Films via Uld#tigh Vacuum Sputtedeposition on
AlO3(0001) Koichi Tanaka P. Arias, M.E. Liao, Y. Wang, H. Zaid, A.
Aleman, M.S. Goorsky, S. Kodambakaiyersity of California, Los Angeles

It is generally believed thatinglecrystalline substrates with either the bulk
or surface structure and lattice constant identical or similar to that of the
film being deposited are required for the growth of highality crystalline
thin films. Recent studies have shown that defiosi on van der Waals
(vdW) layers can lead to hightyiented thin films of a variety of crystal
structures and lattice parameters. Here, we show that ‘imensional
(2D) hexagonal boron nitride (hBN) layeas=(0.250 nm and = 0.667 nm)
improve the cystallinity of trigonaistructured TaC @ = 0.310 nm and =
0.494 nm) thin films sputtedeposited on Als(0001) substrates. t&
layers of desired thickness £ 17 ~ 75 nm) are grown on bare and RBN
covered AJO3(0001) substrates via ultdaigh vacuumdirect current

magnetron sputtering of TaC compound target in 20 mTorr pure Ar gas " A .
dpower. The NbN nanocomposite coatings with morédbN hase show

atmospheres at 1327 K. hBN layers are deposited via pyrolytic cracking
borazine (~600 L) onto 285(0001) substrates at 1327 K. Thedeposited
TaC films are charactemedin situusing Auger electron spectroscopy and
low-energy electron diffraction andx situusing Xray diffraction (XRD) and
transmission electron microscopy (TEM) based technique®. XRD scans
acquired from both TAC/AbO3(0001) and TA/hBN/AO3(0001) films with

t = 17 nm exhibit only T& 0002 reflections (corresponding to = 0.494
nm) while thicker layerst € 75 nm) reveal the presence of additional 10 1
reflections. However, the 0002 reflection peak intensities are-f6ld
stronger for theTaC layers on hBN/ADx(0001) than bare AD;(0001).

M.K. LeiDalian University of Technology, China

Isomeric NbN nanocomposite coatings on stainless steel substrate with
facecentered cubic phase -NbN and hexagonal phase-bN were
deposited by modulated pulsed power magnetron sputtering under
nitrogen flow ratefn2 from 15% to 30%. It was found that the nitrogen flow
rate fn2 had a significant influence on the energy delivered in each
macropulse, which led to a marked change in the phase composition and
mechanical properties. The peak power decreases from 54 kW to 16 kW as
fnz increases from 15% to 30% with the energy delideri@ each
macropulse from 23.2 J to 9.8 J. Whign is at 15%, NbN coatings are
mainly composed of -bN phase which usually exists at highor under

high compressive residual stress showing (100) and (102) preferred
orientation, whilet -NbN graduallyappears with the preferred orientation

from (111) to (200) a&w increases accompanied with the decrease of2

NbN phase composition. The hardness and modulus of isomeric NbN
nanocomposite coatings go up to 36 GPa from 30 GPa and 460 GPa from
366 GPa abizincreases to 20% with residual compressive stress from 0.47
GPa to 1.93 GPa, then decrease to 29 GPa and 389 GPa with residual
compressive stress of 1.01 GPa showing a nonlinear response with peak

higher hardness and better toughness due to the composition variation of
1 0bN andt -NbN phases. The phase composition frorfibN to{ -NbN
phase should attribute to the delivered energy difference by peak power,
and the anomalous increase in rdaess should be originated from
strengthening of the nanocomposite structure.

10:00am SE+NS+THAoM6 Ab initio Guided Development of Ternary
Borides: A Case Study of-BiN, TiZr-B, TiW-B, Taw-B, and WV-B
Systems V. Moraes, R. Hahn, M. Bartosik, H. Ri&tl, Wie, Austria H.
Euchner,UIm University, AustriaD. Holec,Montanuniversiét Leoben,

Highresolution TEM images and associated Fourier transforms i”dicateAustria Paul Heinz MayrhoferTU Wien, Austria

that the layers are singlerystalline. XRD scans show six 8@otated 1 O-

1 2 peaks of & at the same angles for 1 12 6 of AlOz; based on which
we determine the epitasl crystallographic relationships between the film
and the substrate as 7@(0002) || AkO3(0006) with inplane orientation of
TaC[1 0-1 O] || Al205[1 1-2 0]. We further show that 000@riented TaC
thicker films can be obtained by inserting hBN layarsegular intervals
during the deposition of thicker @ films.

9:20amSE+NS+HHAoM4 Nitride High Entropy Alloy Thin Films Deposited
by Magnetron Sputtering and Cathodic Arc on Polymer Substrates:
Structure and Electraviechanical PropertiesAo Xig Montanuniversiéit
Leoben, AustriaR. DedonckerGhent University, BelgiumM.J. Cordill,
Erich Schmid Institute of Materials Science, Ausiial.M.G. Deplahent
University, BelgiumR. FranzViontanuniversiét Leoben, Austria

Transitionmetal borides are a special class of ultigh temperature
ceramics. Among these, refractory borides such Bs ZrB, VB, TaB, and

WBR; are attractive candidates for many applicatiogsanging from high
temperature electrodes, cutting tools, and molten metal containment to
microelectronic buffer layerg because of their thermomechanical and
chemical propertis, their high melting temperatures up to ~3580, and
excellent high temperature strengths. However, these diborides have a
comparably low fracture toughness ofick-1 MP&m (here, basically
obtained by irsitu micromechanical cantilever bending tests).

How diboride materials can be designed implementing quantum
chemistry guided materials design concegt® allow for a combination of
high strength, ductility, and thermal stability, is the focus of this talk. We
will use recent developments of diboridesvhere we applied alloying and

In recent years a new class of materials has emerged in the field ofarchitecture concepts (e.g., composition and/or phase modulated layers)

metallurgy: high entropy alloys (H&AThese metallic alloys consist of 5 to
13 metallic elements in an approximately equimolar ratio. Studies

to explore such materialsciencebased guidelines for improved
properties. Especially the phase stability (with respect to chemistry and

conducted on HEA bulk materials revealed promising combinations oftemperature of diborides is an extremely interesting task. For example,

properties, such as strength, ductility, corrosion resistance, wear

Monday Morning, October 22, 2018 8

only WB (among all binary diborides, except for Tcprovides a G/B ratio
8:20 AM



Monday Morning, October 22, 2018

below 0.5 (~0.34) and a positive Cauchy pressweda (~73 GPa), which
are typical indications for dominating natirectional bonds and thus a
more ductile behavior. But Wprovides these properties only in its
metastableh -structure (AlB-prototype) and not for its thermodynamically
stable . -structure (WB-prototype). With the help of ternary diborides,
such as (Ti,VB or even (Ta,W)B the h-structure can be stabilized (even
up to ~1200°C). Even more important is a selective sensitivity ofithend

the . -structure for the formation of vacancies. Especially, when using
physical vapor deposition (PVD) techniquesnabderate temperatures

11:40amSE+NS+TRoM11 Mechanical Properties of 8M0o.sN1.xO« Thin
Films Daniel Edstdom, D. Sangiovanni.inkdping University, SwedenL.
Landilv, Linkdping University, Sandvik Coromant AB, SwederHultman,
Linkdping University, Sweder. Petrov, J. Green®niversity of lllinois at
Urbara Champaign, Lidking University, SwedenP. Eklund, V. Chirita,
Linkdping University, Sweden

Improved toughness is one of the central goals in the development of
wearresistant coatings. Extensive theoretical and experimental work has
revealed that singhcrystal NaGstructure VMoN ceramics possess

(here ~400°C) the content of vacancies (and point defects in general) isinherently enhanced ductility, as well as high hardn€2€ (GPa) [Kindlund

rather high. Such defects are less penalized in 'thethan in the . -
structure, allowing for growing even singdbased h-WB by PVD,
exhibiting hardnesses H 640 GPa combined with high fracture toughness
of Kc~3 MP&m.

With the help of superlattices, nanocolumnar and nanocomposite

et al. APL Mat 2013]. These surprising findings demonstrate that YMoN
based materials are very promising candidates for replacingrateramics

in hard, refractory protectiveoating applications. However, during
applications, hard coatings inevitably oxidize which can compromise
material properties. Herein, we use density functional theory to evaluate

structures, we show that also with architectural concepts, strength (H ~45the mechanical properties, as Weds the thermodynamical stability, of

GPa) and ductility (3.5 MP&m) can be improved simultaneously.

The individual concepts will allow designing materials to meet the-ever
growing demand for further improved coatings, tailor made for specific
applications.

10:40amSE+NS+THAoM8 Toughness Enhancement in Hardr@aic Films
by Alloy Design Hanna Kindlund Department of Mechanical and
Aerospace Engineering, University of California Los Angeles (INMLAED

Vo.sM0oo.sNiexOx, With x approximately equal to 0.05, 0.1, and 0.5. We study
cubic \dsMoosN1xOx solid solutions characterized by both high and low
shortrange cation/anion ordering. 0¥MoosNixOx is predicted to le
thermodynamically stable for x < 0.1, although higher oxygen ratios can
possibly be achieved with nesquilibrium growth techniques such as
physical vapor deposition. Our results show that oxygen concentrations x =
5% and 10% have little effect on the omanical properties of random
Vo.sM0o.sN1xOx alloys, which retain both hardness and ductility. At x = 50%,

Transitionmetal nitrides are refractory ceramics with high hardness bPulk elastic, and shear moduli, as well as Cauchy pressure, are reduced by
excellent wear resistance, high temperature stability, and good chemical~25%, but the material is still predicted to remain ductile. For ordered
inertness. Therefore, they are attractive in many applications, especially, as/osM0osNi«O« x = 6% already results in a drastic change in mechanical

protective coatings against scratches, erosion, corrosion, and weatr.
Tremendous efforts have been dedied in enhancing hardness of ceramic

films. However, in addition to high hardness, most applications also require

high ductility, to avoid brittle failure due to cracking when coatings are
subjected to high thermanechanical stresses. However, transitioretal
nitrides, as most ceramics, are usually brittle, exhibiting low ductility and
hence poor toughness.

Enhancing toughness in ceramic films is a challenging task that requires
fundamental understanding of the mechanical behavior of materials, which
depends on their microstructure, electronic structure, and bonding nature.
Theoretical studies usingb initio calculations predicted that alloys of VN
with WN or MoN exhibit enhanced toughness as a result of their high
valence electron concentrations, leiad to an orbital overlap which favors
ductility during shearing.

Here, | present experimental results on the growth afW.Ny and M.
xMoxNy alloy thin films, their microstructure, mechanical properties and
electronic structure, and relate these propesi with their enhanced
ductility, demonstrating that it is possible to develop hamet-ductile
ceramic coatings.

11:20am SE+NS+ToM10 From Ablnitio Design to Synthesis of
Multifunctional Coatings with Enhanced Hardness and Toughne3s
Edstém, D. Sangiovanni, L. Hultmahinldping Unversity, Sweden I.

Petrov, J. GreendJniversity of lllinois at Urbana Champaigvialeriu

Chirita, Linkdping University, Sweden

properties, likely due to disruption of the cubic symmetry. A further
increase in the oxygen content yields significant reductions in Cauchy
pressures, indicating reduced ductilitfdHowever, the Cauchy pressure
remains positive for all oxygen concentrations, suggesting that none of the
investigated alloys are brittle according to the Pugh and Pettifor criteria.

KEYWORDS: oxides, nitrides, toughness, hardness, ductility.

%ribology Foas Topic
Room 201A Session TR+AS+NS4/&EM

Tribology Focus Session
Moderator: Filippo MangoliniUniversity of Texas at Austin

8:20am TR+AS+NS+3®M1 Structural  Superlubricity:  History,
Breakthroughs, and ChallengesMehmet Z. Baykara University of
California, Merced INVITED
The idea ofstructural superlubricityholds immense potential for the
realization of nearly frictionless sliding in mechanical systems, with
implications for fields as diverse as environmental conservation and space
travel. The basic principle of structural superlubricity involves the
propostion that friction should diminish at an interface formed by
atomicallyflat and moleculariclean crystalline surfaces with different
lattice parameters and/or incommensurate orientation. Despite the rather
straightforward character of its basic principke realization of structural
superlubricity under ambient conditions has been challenging due to the

Enhanced toughness in hard and superhard thin fims is a primaryrequirement of molecular cleanliness at the interface.

requirement for present day ceramic hard coatings, known tplme to

brittle failure. Density Functional Theory (DFT) investigations predicted

significant improvements in the toughness of several Bl structured
transitionr-metal nitride (TMN) alloys, obtained by alloying TiN or VN with
MoN and WN. The calculationgveal that the electronic mechanism

responsible for toughness enhancement stems from the high valence
electron concentration (VEC) of these alloys, which leads to the formation

of alternating layers of high/low charge density orthogonal to the applied

stress, and allows a selective response to deformations. This effect is
observed for ordered and disordered ternary TMN alloys. Recently, these

results have been validated experimentally. Sirglestal VMoN alloys,
grown by duakarget reactive magnetron sptering together with VN and

TiN reference samples, exhibit hardness > 50% higher than that of VN, an

while nanoindented VN and TiN reference samples suffer from severe - . . - ; -
P Stpe chemical identity of the sliding atoms, but is determined by the

cracking, the VMoN films do not crack. New DFT calculations, sugge
similar toughnessmprovements may be obtained in pseudobinary NaCl

structured transitionmetal carbide (TMC) compounds by alloying TiC or VC
with WC and MoC, as inferred from the electronic structure analysis and

stress/strain curves obtained for the newly formed ternaiQ alloys.
KEYWORDS: nitrides, carbides, toughness, hardness, ductility.
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In this talk, we will first briefly review three decades of structural
superlubricity research byemphasizing important milestones and
breakthroughs. Subsequently, we will present results of Raramipulation
experiments from our lab, which demonstrate the remarkable occurrence
of structural superlubricity for gold and platinum naistands sliding on
graphite under ambient conditions. Complementary to the experiments,
results ofab initio calculations will be discussed, which (i) reveal that the
noble metatgraphite interface is expected to remain largely free from
leading toratturally superlubric sliding under
ambient conditions, and (ii) confirm the experimental observation of larger
friction forces for platinum, attributable to higher energy barriers
ncountered during sliding. The experiments additionally demonstrate that
e scaling power between friction force and contact size is independent of

contaminant molecules,

i

geometric qualities of the interface. The talk will conclude with a review of
remaining challenges for structair superlubricity, in particular those

involving sizeand deformationrelated limits.
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9:00am TR+AS+NS+88M3 An Examination of the Nature of Bonding  of multicellularor unicellular filaments, known as hyphae, with anisotropic
during Indentation and Sliding using MD and-&itu Nanoindentation micro-architecture.

Judith HarrisonUnited States Naval Academy INVITED A detailed investigation of the depttiependent elastic moduli on these
Adhesion between DLC tips and diamond counterfaces was examined usingetworks is conducted using atomic force microscope (AFM, Oxford

a nanoindentor coupled to TEM and molecular dynamics (MD). Additionalinstruments) to study the impact of dal structural heterogeneity of the

MD simulations of sliding contact between the same-sibstrate  network on its mechanical properties. A collgitached AFM cantilever
materials were also carried out. Strong interactions between the surfacesyas employed to study the surface interactions and to indent the material
in vacuum led to gradual nanoscale wear of the DLC. fseparation  in the linear elastic deformation regime. The study of the impact of the

curves show an approximate correlation between jififorce and applied  network structure on the material rigidity, measured at both nammd
load for various contact pots, while pulin force was fairly constant for all  macro scales, has enabled to probe the validity of affine network
contact points and independent of applied load. MD simulations were deformation theories for hierarchical networks. With this understanding,
designed to replicate experiment as closely as possible and used thghe design and development of antibacterialagiorms (with CH/PAA

AIREBO and the REBO+S potentials. DLC tips with the same gemgeal sh p|atforms) and watefiltration membranes (with mycelium networks) using
(which often deviated from the assumed paraboloidal tip geometry due to hierarchical soft structures is discussed.

wear) were brought into contact with diamond surfaces. MD results

demonstrate that pulioff force is correlated with bonds formed during 11:20amTR+AS+NS+88®M10 Mechanisms for Controlling Friction and
contact, providing an explanation of theetrds observed in the TEM data. New Approaches for Achieving Superlubricity Regirime2D Materials
The effects of contact point and hydrogéermination on puloff forces ~ Diana Berman University of North TexasA. Erdemir, A.V. Sumant,
and the nature of bond formation during sliding as a function of speed andArgonne National Laboratory INVITED
hydrogen termination will be presented. The results of similar experiments Friction is an important aspect of many areas of everyday life. Varieties in
and MD simulations using Si tips in contact with diamond counterfaces ofmechanical systems from nano to macroscale and efforts to minimize
adhesion and sliding using the ReaxFF potential will also be discussed.  energy losses intersect with challenges of controlling the friction. The
popularity of recently discovered 2D materials and thesefulness for
multiple applications enabled understanding the friction at a more
fundamental level and opened new routes for manipulating friction to
superlubricity or near zero friction values.

9:40am TR+AS+NS+38®M5 The Chemistry of Friction, Wear, and

Tribofilm Growth on 2D MaterialsJonathan FeltsTexas A&M University
INVITED

The evolution of a sliding interface between two objects is difficult to

theorize, predict, and measure due to the complexity of the interface Here, we review the basic mechanisms that complies thédial energy

A A h . - " dissipation, such as wear, molecular deformation, thermal effect, electronic
which is often described phenomenologicallfdere we utilized a . ) .
effect, bonding, environment and chemistry, phonons, and structural

nanpmeter S'.Zed single asperity of an atomic for_ce microscope tlp. s.“dmgeffect. We present the case studies highlighting how these mechanisms are
against atomically flat graphene and graphene oxide to study the origins of

2. A . controlled in 2D matedls. Finally, we highlight recent advances in
friction, wear, and tribofilm growth phenomena at the atomic scale. We . ) ) 7 h L
. implementing 2D materials for friction reduction to superlubricity across
hypothesize thaall of the observed contact phenomena at the macroscale

. . . "~ - scales from nanoup to macroscale contacts. We show that nanoscale
can be described using fundamental thermochemistry. At low applied tip - ) S - -

L S A . superlubricity mechanisms originating from the formation of frictess
loads, the friction of graphene oxide is roronotonic with tip velocity,

initially increasing for speeds from 10010,000 nmé, followed by a nanoscgle systems, as in case of grapheseodiamond scrolls and carbon

decrease and a subsequent increase above 50,000 nm/s. At suﬁicientl)?anoomon structures, can be succ_essfully transferred to macroscale
. ) . effects. Development of 2D materials opened a new pathway for

high applied loads, we observe wear of oxygen groups from graphene OXIdemanipulating friction, which makes superlubricfion today® reality

at temperatures between 5@00 °C and loads between 1700 nN, and ' ’

find an exponential increasia wear rate with applied load. For the case of References:

an electrically biased tip oxidizing pristine graphene, the oxidation rate [1] D. Berman, et al., Approaches for Achieving Superlubricity in- Two

somewhat paradoxically increases with applied load, despite previouslyDimensional Materials, ACS Nano (2018)

observeq enhancement in wear. rate with load. Al of _the abgve [2] D. Berman, et al., special issue in Diamond and Related Materials, 54, 91

observations can be understood in the context of mechanically driven (2015).

thermochemical reactions. The friction behavior depends on two .

competing factors aging of the sliding contact due to chemical bonding [3] D Berman, et al., bterials Today 17 (2014) 3.

between tip and substrate, and hopping of unbondegl étoms between [4] D. Berman, et al., Science, 348 (2015) 111&2

graphene lattice sites. Atomic wear of graphene oxide is well described by

the tilted potential energy surface theory of mechanically driven chemistry,

which predicts a notlinear reduction in the energy barrier with applied

load. We furthe show that the tilted potential energy surface model also

well describes the enhancement of oxidation rate. The work presented

here creates a foundation for describing the mechanics of sliding contacts

as chemical processes, and further paves the way tds/guantitatively

understanding how mechanical force drives chemical reactions in general.

10:40am TR+AS+NS+88®M8 Nanomechanics of Soft, Hierarchical
Polymer and BiologicalNetworks, Prathima Nalam University aBuffalo-
SUNY INVITED
Soft networks based on synthetic polymer chains or biological filaments,
with architecture that are anisotropic or hierarchical in nature, offer a path
towards the development of tough and reliable flexible structures. These
structures find applications in numerous areas including healthcare
delivery, environmental purification systems, energy storage systems,
flexible electronics, and tribology. Further, the ability of these networks to
present a wide range of tunable functional pmfgies, through alterations

in the chemical structure of the monomers, synthesis or operational
conditions, etc., which otherwise is rarely possible with other hard
materials, promise the development of smart materials. In this study, we
present the nanomehanical and nanotribological behavior of two stimuli
responsive networks consisting of (a) polyelectrolyte films with a thin layer
of chitosan (CH) grafted on top of poly (acrylic acid) (PAA) brushes
(CH/PAA) and (b) naturally grown mycelibased network. The CH/PAA
network is a synthetic hierarchical structure, in which each layer exhibits a
strong structural change with variation in solution pH. On the other hand,
Mycelium is a soft biological network (derived from mushrooms) composed
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2D Materials Focus Topic Photocurrents of the MXALOs-p'Si structure are measure with the
Room 201B Session 2D+MI+NKoA incident photon energy swept from 2.0 eV to 5.5 eV and gate voliage

) o ) _ _ (applied to the Si back gate) stepped frefin0 V to 1.6 V. The oxide flat
2D Materials Characterization including Microscopy and band voltage V9 is extracted by the voltage where the photocurrent
Spectroscopy

switches sign near and above photoemissibresholds. The band offsets
Moderators: Stephan Hofmann University of Cambridge, Uichard at the MX/Al.0; and AiOg/S_i i_nterfaces are e_xtracted as the thresholds of
Vanfleet Brighamyoung University the cube root of photo_em'|SS|0n.quantum yield (Y) bel_ng the ratio of the
photocurrent over the incident light flux [6]. At gate bias beloty the
bandoffset between AlOzand Si is measured and found to be 3.4 eV for all
the 4 devices, which is also a weditablished value. More importantly, the

1:20pm 2D+MI+NSVIoAl Observing the Mechanisms of Graphene
Growth during Chemical Vapor Deposition: Routes to Controlling Layer
Number and Domain Size&Robert Weatherup University of Manchester,  band offset at the MYAI.Os interfaces combined with the known optical
UK INVITED band gaps of ML Mp$uggest that M&/WS; and MoSeWSe can possibly
Chemical vapor deposition (CVD) on polycrystalline metal foils has emergeébrm the staggered heterojunction.

as the most economic and versatile means for producing 2D materials OVef1] G. Fiori, et al, Nat. Nanotech. 768 (2014).

large areas,and directly integrating them with other device materials to . .

achieve new functionalt?To tailor these materials to specific applications, [2] F. Xia, et al, Nat. Photoni8s899 (2014).
a detailed understanding of the underlying growth mechanisms is required[3] X. Hong, et al, Nature Nanote.682 (2014)
such that parameters such as domain size, defect density, and layefs] J. Kang, et al, Appl. Phys. L&@2, 012111 (2013)
number can be precisely controlled. However, the elevateaiferatures [5] S. B. Desai, et al, Adv. Mat28, 4053 (2016).

and reactive gas environments involved in growth make direct observation
challenging, whilst ex situ measurements are often ambiguous. [6] V. V. Afanasev and A. Stesmans, J. Appl. P0g081301 (2007).

Here we apply environmental scanning electron microscopy (ESEM) ang:20pm2D+MI+NSVIoA4 Visible to midIR Nanoscal€haracterization of
ambient pressure Xay photoelectron specoscopy (APXPS) to directly 2D Materials via Photénduced Force MicroscopyPadraic O'Reilly D.
observe graphene growth under realistic CVD conditions on polycrystallineNowak, S. Pariiolecular Vista

Pt foils?This reveals a variety of processes involved in graphene formationyhile several 2D materials henbeen studied with scattering scanning
including isothermal growth by direct hydrocarbon dissociation, isothermal nearfield optical microscopes 8NOM) with nanoscale spatial resolution,
dissolution into the catalyst bulk, and precipitation on cooling. The balancemost have focused on the study of surface phonon polariton (SPP) [1]. In
of these processes, and thus growth outcome, is shown to dependsihis paper, we introduce a relatively new technique called paticed
critically on the distribution of carbon close to the catalyst surface, which isfgrce microscopy (PiFM), which combines atomic force microscope (AFM)
in turn is intimately linked tdhe processing profile.We thereby develop a ang proadband optical spectroscopy to analyze both topography and

growth model for graphene CVD that considers precursor dissociation,polarizability of samples with setO nm spatial resolution [2]. With PiFM,

masstransport, attachment to the edge of growing graphene domdins.
This is shown to generally applicable to several transition metal caalyst

the nearfield optical information is equired by measuring the photo
induced force between the AFM tip and the sample rather than by

and serves as a general framework for understanding and optimizing thecgjlecting photons with a fafield photo-detector; this neafield excitation

growth of 2D materials on polycrystalline catalysts.

and nearfield detection configuration provides excellent sigt@inoise

We thus demonstrate that the CVD process can be rationally designed tawithout the farfield background signal from the much larger focal spot,

yield different desired growth outcomes from the same ymoystalline
starting catalyst, including uniform SLG with large domain sizes @m0
large isolated BLG domains (>8), and uniform BLG. Our result show

making the technique robust and eagyuse. With midiR sources, PiFM
can image nanoscale SPP as wiBN©OM. With supercontinuum visible
infrared light source, it can directly probe the @mo resonances with

that through targeted operando experiments the influence of key process equally impressive spatial resolution. With its capability to image number

parameters can be establied, enabling precise control over 2D material
growth including domain sizes and layer number.

1. S. Hofmann et al. Phys. Chem. Let.2714¢2721 (2015).
2. M. PiguemaBanciet alAppl. Phys. LetfLl08,102404 (2016).
3. R. S. Weatherupet &lano L&. 16,6196;6206 (2016).

4. R. S. Weatherupet #ACS Nan6, 9996;10003 (2012).

5. A. Cabrere/ilatela et alNanoscale3, 21492158 (2016).

2:00pm 2D+MI+NSMoA3 Band Alignment of 2D Materials by Internal
PhotoemissionQ. Zhang, S. Zhangheiss Research & National Institute of
Standards and Technolagh. SperlingNhan NguyenNational Institute of
Standards and Technology

Two-dimensional (2D) materials have brought new possibilities for the
future electronic and optoelectronic applications [1], [2]. Electronic band
alignment at the interface is one of the important parameters in many
device designsFor instance, staggered band alignment is preferred to
separate photon generated electrémle pairs in optoelectronic and
photovoltaic devices [3]. For the materials in the monolayer (ML) limit,
it has been a challenge to accurately measure thetedacaffinity which
determines how the bands align at the interface. In fact, modd 2

of layers, quality of samples, and plasmonic fields, PiFM is an ideal
nanoscale characterization tool for wide range of 2D materials. Results
from graphene, Mo$ WS, and hBN will be presented.

[1] T. Low et al., Nature Materials 16, £8924 (2017).
[2] R. A. Murdick et al., Jap. J. of Appl. Phy., 56, 08LA04 (2017).

2:40pm 2D+MI+N8MoA5 Polymorphic Structures and Diversified
Properties of Lowdimensional Materids Investigated by In situ Electron
Microscopy Kazu SuenagaNational Institute of Advanced Industrial
Science and Technology (AIST), Japan INVITED
Two-dimensional transition metal dichalcogenides (TMDs), consisfiag o
atomic plane of a transition metal (M: Ti, Nb, Mo, Re, etc.) sandwiched
between two chalcogen atomic planes (X: S, Se, Te). This crystalline
structure combined with a wide variety of constituent elements give rise to
diverse electronic properties, stngly governed by the number of itk
orbital electrons. Mosand WSare the most representativégroup &
TMDs featuring trigonal prismatic (H) phase semiconductor with a direct
band gap. The TMDs can exhibit various polymorphs and present different
eledronic properties as the atomic arrangement changes originating from
charge transfer. A metallic octahedral (T) phase has been reportedly
stabilized by alkali metal intercalation [1], and another distorted octahedral

heterojunctions are designed using calculated or theoretically predicted phase zigzaghape phase (Z) with clestzation of metal atoms into zigzag

band alignments [4]. In this work, we present an experimental
measurement using internal photodssion spectroscopy (IPE) to
determine the band offset of Mpéemiconductors (M = Mo, W; X =S, Se) in

chains by using solvetased exfoliation. Some simulations indicate that
the Z phase may undergo the Peierls distortion and be transformed into a
diamondshape (DS) phase where atoms reconstruct in a way that four

relative to an oxide barrier and suggest possible combination of the MX metal atom appear as a diamond (rhombus) in the plane [2]. We show in

materials to be used for optoelectronic and photovoltaic applicatidhs

this talk the experimental evidences for these polymorphic structures and

IPE approach is seen as a unique method that can be applied to diversified properties found in a family of 2D TMDs.

characterize other 2D materials.
The IPE test structure is fabricated by exfoliating.Makes on to the

These monolayer forms in TMDs are typically the same as & $ayglr of
the bulk material. However, PdSpresents a puzzle. Its monolayer form

ALGy/p*Si substrate and depositing Ti/Pt contacts on the flakes with large has been theoretically shown to be stable, but there have been no reports

open areas fodight absorption. By using gold film mediated exfoliation
method [5], large area (> 75 x 7&m?) ML MX flakes are obtained,

confirmed by Raman spectrum and photoluminescence mapping.
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that monolayer PdSewas fabricated. Here, we demonstrate that the
preferred monolayer form of thisnaterial amounts to a melding of two
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bulk monolayers accompanied by the emission of Se atoms so that theE|ectronic Materials and Photonics Division

resulting stoichiometry is R8e[3]. Room 101A Session EM+AM+NS+RBA
1] Y:C. Lin, D. O. Dumcenco,-S¢. Huang and K. Suenagddature . . . .
k;notechnomgyg (2014) pp.39B96 9 gz Atomic Layer Processing: Selectideea Patterning

[2] Y:C.Lin, HP. Komsa, @. Yeh, T. Bjorkman,-Z. Liang, &4. Ho, ¥s.  (Assembly/Deposition/Etching) -
Huang, PW. Chiu, A. V. Krasheninnikov, and K. Suena@s Nan® Moderators: Michael Filler Georgia Institute of Technologdessica Hiltan

(2015) pp.11249.1257 RHK Technology

[3] J. Lin, S. Zuluaga, P. Yu, Z. Liu, S. T. Pantelides, and K. Bognagav. 1:20pm EM+AM+NS+RBIoALl AreaSelective Deposition of Crystalline
Lett, 119 g017) 016101 PerovskitesE. LinBrennan CoffeyZ. Zhang, P.Y. Chen, B. Edmondson, J.G.
[4] This research was supported by JSPS KAKENHI (JP16H06333 &fgrdtUniversity of Texas at Austin

JP25107003). Epitaxial growth of crystalline perovskites enables opportunities in

integrating perovskite properties into electronic and photonic devices.
3:40pm2D+MI+NE&MoA8 Probing Interlayer Interaction in van der Waals  pattern definition is a necessary step in many device applications and
Materials by Lowenergy Electron Microscopy (LEEMphannes JobsD. definition through etching can be problematiwith titaniumbased
Geelen,Leiden University, NetherlandR.M. Tromp,IBM, T.J. Watson  perovskites. We report a process to grow the perovskite film into the final
Research Center S.J van der Molen, HuygensKamerlingh Onnes  patterned-dimensions through areaelective atomic layer deposition (ALD)
Laboratory, Netherlands INVITED  followed by epitaxial regrowth from a crystalline substrate to form a single
Knowledge on the interaction between layers is crucial to tailor the crystalperovskite film. Epitaxial barium titanate (BTO) films can be grown
properties of van der Waals (vdW) materials. We investigate these usingoy ALD on strontium titanate (STO(001)) and STO(001)/Si(001) substrates.
newly developed techniques based on lenergy electron microscopy The substrates are coated with 40 nm of polystyrene (PS) and di&b
(LEEM). With LEEM, we probe the reflection of electrons as a function o64-nm UV light projected through a shadowask is used to crosslink the
incoming energy (A00 eV). We have recently extended our UHV PS under a Natmosphere. The unexposed PS is stripped using toluene to
instrument to also measure lownergy electron transmission (ENEM). expose the STO surface. Amorphous BTO films are deposited by ALD at 225
We apply LEEM and éiEMto few-layer graphene. With each layer, an °C on the PPatterned STO(001) surfaces. The low temperature process
unoccupied interlayer state is added, which hybridizes with the other Prevents thedegradation of the PS layer. The PS mask is subsequently
states. In LEEM, the resulting eigenstates appear as minima in thgeémoved with an oxygen plasma exposure step. Atomic force microscopy
reflection spectrum. In transmission, they show up as maxima. From both@nd scanning electron microscopy after BTO growth and crosshiied

functions, we determine the hybridization energies of the interlayer states, 'émoval demonstrate high fidelity pattern transfer in the BTilns.
which extend in 2D. Reflective higkenergy electron diffraction and-vay diffraction show that

the film crystallizes after annealing the sample in vacuung 20 °C, with
oxygen partial pressure of 1 x 40orr. Film orientation as a function of
annealing temperatte is established with transmission electron and
piezoresponse force microscopy.

Next, we study the 2fispersion relations of these states. For that, we
have developeangleresolved reflecteelectron spectroscoffARRES) [1].
With ARRES, wammvestigate fewlayer graphene, hBN, as well as their
combination. For the latter case we find negligible interaction. [2]
[1] Jobstet al, Nat. Comm6, 8926 (2015) l:40meM+Ag/I+NSd+PBIoA2A Dry NE':HS PIasfr:;FCIear;] for R;(Iamoving

Si Native Oxide and Leaving a Smooth Si Sur istopher AhlesJ.Y.
[2] Jobstet al.,Nat. Comm?7, 13621 (2016) Choi, University of California, San Diegd.C. KummelUniversity of
4:20pm2D+MI+NSMoA10 Fast Full Wafer Analys for Graphene and 2D California at San Diego
materials by Imaging EllipsometrySebastian FunkeAccurion GmbH,  As devices are scaled to sub 5nm, it is critical to prepare clean and
Germany P. BrauenigeiWeimer, S. Hofmanmyniversity of Cambridge, YK  atomically fat surfaces. The traditional aqueous HF clean for removal of
P.H. Thiesem\ccurion GmbH, Germany native Si oxide suffers from an inevitable air exposure resulting 4in re
By combining the resolution of optical microscopy and the sensitivity of oxidation of the Si surface as well as carbon contamination. The ficoni
thin films, imaging ellipsometry (IE) is a powerful tool to characterize thin process is a dry clean which utilizes a low terapene (<30C) NFNHs
materials. It allows to measure monolayers of-B@terials but also to ~ based plasma to selectively etch the native oxide layer on Si without
visualize these monolayers on arbitrary substrates. It overcomes the neecetching the underlying Si layer. However the Siegpiiocess leaves behind
of specially tuned SiQhicknesses to visualize e.g. Graphene in an optical @ (NR)-Sik salt which must be removed in a subsequent anneal. In this

microscope. work we present alry clean which eliminates (NJSiks salt formation and
In the talk we present [Lthe characterization of Graphene throughout all provides a surface which is just as flat as with the traditional aqueous HF
clean.

stages of the manufacturing process from the growth onf@iuup to the B ) ) ) )
transferred sample on Si wafers. Unlike other methods IE directly visualized he silicon surface following removal of the native oxide with asiN¥k
graphene on the rough Cu. We apply IE to resolve a large map of  plasma was studied using-Ray Photoelectn Spectroscopy (XPS) for

Graphene on Cu. The Graphene is directly characterized on ttf@ilCoo elemental analysis as well as Atomic Force Microscopy (AFM) for surface
oxidation of the Cu is needed. To overcome the waviness of the foil, anfoughness measurements. It was found that when the silicon substrate is
autofocus algorithm is developed and applied. held at 6570C during the etching no (MeBik salt formation is observed.

The NENHs ratio was found to be a critical parameter for controlling the

IE is also able to distinguish a Graphene monolayet hBN monolayer surface roughness, with the surface roughness decreasing with decreasing
r the transfer pr iISi rate. We show lar rea m . ! : . .
after the transfer process to a Si/Si€ubstrate. We show large area map NR:NH: ratios. A NENHs ratio of 1:5 gave a Si surface with an RMS

of the transfered sample. The contrast mode of IE is able to distinguish the oughness of 3.4nm while a NRH: ratio of 1:10 gave a Si surface with an
different regions: (@) substrate only, (b) hBN only, (c) Graphene only and (d MS roughness of 1.9nm. Further decreasing theN¥tk ratio is expected

i i f hBN hene. Th | | .
an overgpping region o and Graphene. The complete sample approx provide an even smoother surface, and experiments towards émd

1cm x 0.8 cm is recorded in less than 6 minutes and shows defects an&aore onaoing. The plasma time was also optimized. and it was found that
wrapping of hBN of a size as small asm going. P P ! u

exposure to the NgPNH;z plasma for 10 seconds and 1 minute resulted in
Lastly, we apply IE to characterise ful@fers of graphene on Si. essentially no removal of the native oxide, while exposure for 2 minutes
[1] Braweniger, Funke et al. submitted resulted in complete removal of theative oxide. For comparison, Si
surfaces cleaned with aqueous HF in our laboratory typically have ~10%
oxygen and ~10% carbon contamination, while after cleaning with a
NR/NHz plasma with NENH: = 1:10 for 2 minutes at 70C there was 3% O,
0% C, 4% F dM% N impurities. Additionally, all of the silicon was in an
oxidation state of 0 which means that there was no (MBlE salt
formation since this salt has silicon in an oxidation state of +4. To validate
the applicability of this process, a molybdenuificide film was deposited

via atomic layer deposition (ALD) on dfganed Si as well as on HF cleaned
Si. The RMS roughness of the ALD Mfi8i on the drycleaned Si was
2.26nm while on the HF cleaned Si the RMS roughness was 2.78nm. This

Monday Afternoon, October 22, 2018 12 1:20 PM



Monday Afternoon, October 22, 2018

shows that he dry clean developed in this study is capable of producing addition, the failure mechanismfdhe plasmaetched Cu line over a large

cleaner and smoother Si surfaces than the traditional aqueous HF clean. range of line widths, i.e., from 1.5 to 30 micrometers, will be examined

based on the electromigration test result. In summary, Cu lines prepared

from the plasmabased process can be reliably applied in the manyonan
electronic and photonic products.

INVITED

Selective thin film processes, including atomic layer deposition, have thel- Y- Kuo and S. Leipn. J. Appl. Ph@S(3AB), L188.190 (2000).
potential to enable nexgeneration manufacturing and patterning at the 5 2. Y. KuoProc. 16 Intl. Workshop on ActiviMatrix Flat Panel Displays and
nm node and beyond, with direct apgtions in the nanofabrication of  Devices211214 (2009).

functional layers such as gate dielectrics, metal contacts, and3 G. Liu and Y. Kuo, J. Electrochem. Soc., IB6@H584 (2009).
capping/barrier layers. Weknown for its ability to deposit atomically thin 4.C-C. Lin and Y. Kud, Vac. Sci. Technol 3(2), 021204 (2012)
films with A-scale precision along the growth direction and conformally ~— ~* ’ ' T ’ ’ '
over canplex 3D substrates, atomic layer deposition (ALD) has emerged ag:40pmEM+AM+NS+RBI0A8 The Effect of Metal Diffusion on Contacts

a key nanomanufacturing process. In this regard, the range and scope ofo Semiconducting Chalcogenides: Examples for 2D and 3D Materials
ALDbased applications and capabilities can be substantially extended bySuzanne E. MohneyK.A. Cooley, M. Abraham, A.C. Domask, H. Simchi, L.
also controlling the irplane growth a timelyand significant development  Kerstetter, C. Lawrence, T.N. Walt&he Pennsylvania State University
that can be realizedia areaselective deposition processes that depend on INVITED

the chemical composition of the underlying surface. In this presentation we we review our recent studies of contacts to a variety of chalcogenide
will review the approaches that have been taken to achieve amdective  semjcaductors, including feviayered molybdenum disulfide and tungsten
ALD, and we shall highlight both the strengths and shortcomings of thesegiselenide, as well as the phaskange material germanium telluride. In
approaches. We will also discuss our efforts to achieve selective depositioRome cases, diffusion of a transition metal into the semiconductor has
that exploit competitive interactions these interactions can occur both on  peen correlated with an especially low contaetsistance. For example,
the surface(s) where the film,igr is not, being deposited, and in the gas annealing silver contacts on field effect transistors fabricated from- few
phase. In our approach we couple well controlled experiments that involve |ayered molybdenum disulfide resulted in a reduction in contact resistance
in situ surface analysis using techniques such asyXphotoelectron by a factor of 45 to 0.2,0.7 kOhmum, while the ON/OFF current of the
spectroscopy and high level quantum chemistry calculations offipacid  device remained high. Diffusion of silver into molybdenum disulfide was
non-specific binding of molecules to target surfaces. We find that this confirmed by secondary ion mass spectrometry. On the other hand, nickel
combination of techniques is capable of shedding considerable light ONappears to be even more soluble in molybdenum disulfide (as observed by
deposition processes that are both potentially fast and leave no trace of poyger electron spectroscopy), but annealing nigieitacts resulted in an
their use in guiding thin filndeposition to those areas where growth is  increase in resistance. For the phasenge material germanium telluride,
desired. incorporation of iron seems to play a role in achieving a low contact
2:40pm EM+AM+NS+RBIoA5 The Interconnect Resistivity Bottleneck re_5|st§1nce (_Jf 0:004 Ohmmm in an_nealed Au/Fe/SpiGeTe contacts.
Daniel Gall T. Zhou, E. Milosevi&ensselaer Polytechnic Institute.Y. Diffusion of iron inb germanium teIIu_nde_atanv_v but de.tectable level was
ZhengMicron Technology found beneath a narrovgap tin telluride interfacial reaction product using

. o . . . . energy dispersive spectroscopy in the scanning transmission electron
The effective resistivity of conventional Cu interconnect lines increases by ay P P Py g

more than two orders of magnitude as their width is decreased fr@nto3 MICrOSCOpe. Us_mg only iron or tin thou.t the othedadiot resu_lt n such_a
L A .. . low contact resistance. The influence of iron on the electronic properties of

6 nm. The resulting increase in signal delay and energy consumption limits . o . e ;
ermanium telluride is now under study. Besides diffusion of metals into

downscaling of integrated circuits. This presentation will discuss the searc ) .
he semiconductor, we also present cases of reactive contacts to

for the most conductive metal solutions for narrow interconnect lines, ) . ; ) -
focusing on three key aspic (i) Electron surface scattering: In situ germanium tellurile, whereby the contact resistance is greatly increased
. by interfacial reactions that led to the formation of a new phase (especially

transport measurements on epitaxial Cu(001) layers with various - . ; : - :
-~ nickel tellurides and platinum tellurides). Finally, we consider the influence
monolayer cagayers demonstrate specular electron surface scattering e . .
of surface diffusion on quasi van der Waefsitaxy of metals on layered

when the local surface density of states at the Fermi level is negligible, o . .
T - o . - . “'transition metal dichalcogenides.
resulting in a considerable copper resistivity reduction. (ii) Alternative
metals: The resistivity scaling at reduced dimensions is measured using:20pm EM+AM+NS+RBI0A10 TiNc and TaN Films via LowTl Thermal
epitaxial metal layers (Cu, Ag, W, Ta, Ru, Mo, Ni) and directly compared ta|D using Anhydrous s, Steven Wolf M. Breeden, M. Kavrikiniversity
results from classical transport mels using firsprinciples electronic of California at San Diegd®. Alvarez,]. SpiegelmanRASIRCM. Naik,
structure calculations. Multiple elemental metals are expected to be more Applied MaterialsA.C. Kummelniversity of California at San Diego
conductive than Cu for polycrystalline lines <10 nm. (iii) Confined transportror device back end of line processing, there is a need to deposit conformal
model:  Firstprinciples norequilibrium  transport  simulations in parrier layers on high aspect ratio 3D architectures viaToALD. Titanium
combination with measurements of the resistivity vs roughness and njtride (TiN) and tantalum nitride (TaN) have been studied as diffusion
dimensionality are used to develop a new model that accurately accountsparriers to WE during W metalfill and to Cu, as Cu can readily diffuse,

2:00pmEM+AM+NS+RBIoA3 Probing Strategies for Selective Deposition
that Exploit Competitive InteractionsJames EngstrorCornell University

for electron surface scattering in quantuconfined 1D and 2D caysing device reliability issues. Organometgtimwn films are required
conduc_to!'s_. This model will replace semiclassical reothet fail to predict when Cu is present to prevent etching, however, metal halide precursors
the resistivity <10 nm. are preferred for gate stack applications as films typically @iontower

3:00pm EM+AM+NS+RBI0OA6 Sub 0.3 micrometer Copper Patterns levels of carbon and oxygen contamination; this has been correlated with
E.tched with a Plasm®ased Prolcess and Pattern Dependent improved film conductivity. This work aims to deposit thermal ALD titanium

Electromigration Failure MechanisyiYue KupTexas A&MJniversity nitride and tantalum nitride utilizing anhydroustii at lower temperatures

Copper (Cu) is a popular interconnect material for high density ICs, Iargéhan previously repord with NH while still maintaining good  film

area TFT LCDs, and many advanced electronic and optical devices. Since %ﬂpertles.

does not form volatile products under the conventional plasma etching In this study, low temperature thermal ALD Jfidm anhydrous hHs vs.
condition, the only availsle method in preparing fine lines is the chemical Nt and TiGl was performed on degreased and UHV annealed/SiO
mechanical polishing (CMP), i.e., the single or dual damascene, methodsubstrates at temperatures of 360 and 408C. The depositefiims were
The autho® group has invented a new pladrased Cu etching method  studied using xay photoelectron spectroscopy (XPS) and atomic force
that has a high rate at room temperature (1). This method hasnbee mMicroscopy (AFM). TaNilms were grown at 15 utilizing hH: and
successfully demonstrated in defining submicron lines for IC chips as weliris(diethylamido) fertbutylimido)tantalum (TBTDET) and characterized
as being used in the large area TFT LCDs (2). However, this are few pap&igiilarly. In addition, the resistge of airexposed ultrathin films was

on defining the sub 0.5 micrometer Cu line using this new etch method. Measured using a-goint probe technique. Resistivities were estimated
The lifetime of the plasmatch Q line on the flat and stepped surfaces has from thicknesses obtained from cresectional scanning electron
been studied with the electromigration method (3,4). However, the pattern microscopy (SEM) images. First, saturation dosing was performed to
size effect is rarely discussed. determine optmal halfcycle pulses of TiGind NHa. After TINALD cycles,
AFM imaging showed uniform deposition with saénometer RMS surface

In this talk, the author will discuss the process that can be used to prepare ) S .
sub 0.3 micron dimension Cu patterns. The success of this process is due oughness. The corrected and normalized XPS showed near stoichiometric
: i &Ns with low O and C and ~10% CI. There was agpymrately 2x more O

the simultaneous Cu conversion reaction and sidewall passivation. In
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and C and 50% more Cl in N\dtown films at 400C. NH. films exhibited
lower resistivities (359 vs. 55pohm-cm), attributed to this lower
contamination and likely better nucleation density. For Tékhs, XPS of

[2] A. D. Kent and D. C. Worledg®, new spin on magnetic memoriés,
Nature Nanotechnolog$0, 187 (2015)

[3] D. Backes, F. Macia, S. BonettiKBkreja, H. Ohldag and A. D. Kent,

15 cycles ALD TaNlms resulted in 9% O and 4% C and had a Ta/N ratio ofspirect Observation of a Localized Magnetic Soliton in a-Bpinsfer
4/5. Analysis on the Ta 4d peaks confirmed nucleation after the initial Nanocontact PRI115, 127205 (2015)

exposure of TBTDET-(3Ta formation) based on the Ta 4d 5/2 peak BE of
~231.5 eV. A chemical shift to 229 eV was observed uponirig TaN
bonds. Resistance measurements indicated insulating films consistent wit
the formation of TaNs. In summary, bHs grown TiN films showed lower
resistivities with fewer impurities. The anhydrousHN chemistry was
extended to an organometallita precursor, in which nearly stoichiometric
films were deposited with low contamination at a modest substrate
temperature of 150C.

Magnetic Interfaces and Nanostructures Division
Room 201A Session MI+2D+EM+N&0A

IoT Session: Symposium on new MagnetMaterials,

Devices and Concepts for the Information Society
Moderator: Hendrik OhldagSLAC National Accelerator Laboratory

1:20pm MI+2D+EM+N$10A1 ZOOMING in on Data Storage and the
Superb HDB, Roger WoogdWestern Digital INVITED

[4] Alex MatosAbiaguea, Javad Shabani, Andrew D. Kent, Geoffrey L.

H:atina, Benedikt Scharfa, Igeutid, dTunale magnetic textures: From

Majorana bound states to braidirgSolid State Communicatior62, 1
(2017)

[5] C. Hahn, G. Wolf, B. Kardasz, S. Watts, M. Pinarbasi, A. Ddl{®et,
resolved studies of the spimansfer reversal mechanism in perpendicularly
magnetized magnetic tunnel junctiodsPhysical Review B4, 214432
(2016)

*Work done in collaboration with Dirk Backes, Gabriel Chaves, Daniel
Gopman, Christian Hahn, Jinting Hang, Yuming Hung, Ferran Macia, Daniele
Pinna, Laura Rehm, Debangsu Roy, J&vethani and Volker Sluka at NYU;
Georg Wolf, Bartek Kardasz, Steve Watts and Mustafa Pinarbasi at Spin
Transfer Technologies Inc.;and Hendrik Ohldag at SSRL

2:40pmMI+2D+EM+N$10A5 Hybrid Magnetic Heterostructureslvan K.

Schulle, A. BasaranUniversity of California, San Diegh de la Venta,
Colorado State UniversityJ.G. RamirezUniversidad de los Andes,
Colombia T. Saerbeck|nstitute LauelLangevin, Francel. Valmianski,

Get ready for a wild ride starting with the vast distances of outer space andUniversity of California, San Dieg¢ BatlleUniversity of Barcelona, Spain

ending with the tiny

distances that separate atoms. For a very different perspective on data

storage, each slide in the

presentation looks at things onstale that is a factor of ten smaller than
the previous slide. The

common thread is the technology of information storage. Information
storage is what defines human

history and it is the machineeadable data storage developed in the last
half-century that provides the

foundation of the modern information age. More thamyhing, data
storage implies magnetic

recording and the hard disk drive. The humble Hard Disk Drive containgy gitferent hybrids of ferromagnets (Ni

such exquisite technologies

INVITED
Hybrid materials allow the engineering of new material properties by
creative uses of proximity effects. When two dissimilar materials are in
close physical proximity the properties of each one may beicadg
modified or occasionally a completely new material emerges. In the area of
magnetism, controlling the magnetic properties of ferromagnetic thin films
without magnetic fields is an engoing challenge with multiple
technological implications for lowenergy consumption memory and logic
devices. Interesting possibilities include ferromagnets in proximity to
dissimilar materials such as antiferromagnets or oxides that undergo metal
insulator transitions. The proximity of ferromagnets to antiferromagnets
has given rise to the extensively studied Exchange Bias[1].

In a series of recent studies, we have investigated the magnetic properties
Co and Fe) and oxides, which
undergo metadinsulator and structural phase tnaitions. Both the static as

and operates at such astounding precision that it almost defies belief. Yetwell as dynamical properties of the ferromagnets are drastically affected.

our industry churns out

these devices byhe hundreds of millions and sells them for a few tens of
dollars each. Please enjoy

this lighthearted logarithmic romp through storage technology from
interstellar space to interatomic

spacings.
(The presentation is based on a talk given at the annusIEASPS banquet

Static properties such as the coercivity, anisotropy and magnetizatidh [2
and dynamical properties such as the microwave response are clearly
modified by the proximity effect and give raise to interesting perhaps
useful properties.

Work supported by UBFOSR and UB0E
Selected References:
[1] Exchange Bia3psep Nogues and Ivan K. Schuller, J. Magn. Magn. Mater.

in Santa Clara, California, in June 2016, while the author was with Westerd92 203 (1999).

Digital Corporation.)

2:00pm MI+2D+EM+N$10A3 Physics and Applications of Spiransfer
Torques Andrew KenfNew York Univeity INVITED

[2] Control of Magnem Across Metal to Insulator Transitions de la
Venta, Siming Wang, J. G. Ramirez, and Ivan K. Schuller, App. Phys. Lett.
102, 122404 (2013).

The magnetization of a magnetic material can be reversed by using electrié3) COercivity Enhancement inQ¢/Ni Bilayers Driven by Nanoscale Phase

currents that transport spin angular momentum [1]. This was predicted in
magnetic tunnel junctiorns two metallic ferromagnetic layers separated by
a thin insulating bardrt by John Slonczewski in 1989 and demonstrated

CoexistencelJ. de la Venta, Siming Wa T. Saerbeck, J. G. Ramirez, I.
Valmianski, and Ivan K. Schuller, Appl. Phys. 1@44.062410 (2014).

[4] Collective Mode Splitting in Hybrid Heterostructurdsan Gabriel

experimentally about a decade later. This discovery has had an enormoufRarnirez, J. de la Venta, Siming Wang, Thomas Saerbeck, Ali C. Basaran, X.
impact on magnetism research and technology [2], as prior to this the Batle, and Ivan K. Schuller, Phys. Re@33214113 (2016).

primary means to reorient the magnetization of a magnet was byyapupgp

magnetic fields (dating to 1819 and Oersted!). In this talk | will highlight
some of the physics and applications enabled by the discovery of spin

3:40pm MI+2D+EM+N$10A8 Organismic Materials and Intelligence
Shriram RamanathanPurdue University INVITED

transfer torques. This includes recent experiments that create localized!Ntelligence in the natural world is panspeic to life, ranging from basic

spinwave excitations (magnonslroplets) in thin films with uniaxial
magnetic anisotropy [3]. Spimansfer torques also permit study of

magnetic analogues of superconductivity, superfluidity and the Josephson

effect that promise to increase our understanding of collective quantum
effects. They may even enable braiding Majorana fermions [4]. Finally,
discuss spitorque switching of perpendicularly magnetized magnetic
tunnel junctions [5], the basic device used in spansfer torque magnetic
random access memories.

[1] A. Bratas, A. D. Kent and H. OhnéCurrentinduced Torques in
Magnetic Material€, Nature Materialsl1, 372 (2012)
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survival skills in noneural organisms to coperative foraging and
complex mating strategies in higher level animals. We ask the question
whether such remarkable features can be implemented in the physical
world utilizing adaptive matter. We have identified strongly correlated

IWi”semiconductors, one class of quantum materials as particularly suited for

this effort, owing to their remarkable electronic plasticity. One may refer to
these systems as organismic materials that ldigpcertain weldefined
characteristics of living beings. In this presentation, we will present
examples from the animal kingdom focusing on intelligence and episodic
memory. Then we will discuss recent collaborative studies on correlated
oxides demonstring ancestral intelligence. We will conclude with

1:20 PM
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examples of neural networks that can be designed with quantum materials 2:20pm MM+AS+NS+PC+8®A4 Interfacial Electrochemistry in Liquids
that can replicate fundamental animal learning traits. The role of defects, Probed with Photoemission Electron MicroscopyS. Nemsak,
strain and orbital occupancy control in design of electcgplasticity will be Forschungszentrum Juelich GmbH, Germday StrelcovNIST Center for
highlighted. Nanoscale Science and Technolo@gmas DuchonForschungszentrum
Juelich GmbH, Germanyd.X. GuoNational Institute of Staratds and
Technology J. Hackl,Forschungszentrum Juelich GmbH, GermaAy
In-situ Microscopy, Spectroscopy, and Microfluidics Focus Yualev,NIST Center for Nanoscale Science and Technologyassiogk,
Topic Oak Ridge National LaboratoryD.N. Mueller, C.M. Schneider,

. Forschungszentrum Juelich GmbH, GermanyKolnakov,NIST Center for
Room 202B Session MM+AS+NS+PC-ASA Nanoscale Science and Technology

X-ray and Electron Spectromicroscopy in Liquids and GasesThe use of photoemission spectromicroscopy as a probe of liquid
& Flash Networking Session electrolytes has been an elusive goal, motivated by the breadth of

Moderator: Piran Kidambivanderbilt University infqrmgtion the technique can provide, but hind_ered by many technical

difficulties. Here, we present a universal multichannel array platform
1:20pmMM+AS+NS+PC+8®A1 Bridging the Material and Pressure Gap employing graphene capping that allows for investigation of interfacial
in Synchrotron based Photoelectron in Situ/Operando Studidsuca liquid electrochemistry via soft -say absorption and photoemission
Gregoratti, M. Amati, P. ZelleElettraSincrotrone Trieste, Italy INVITED  spectromicroscopy. The methodology is demeattd in the case of
Modelling the real behavior of technologically relevant materials at typical COPPer electroplating from a sulphuric acid solution, that, along with cycles
laboratory environmental conditions is a longstanding challenge. Not only ©f copper deposition on gold electrodes, reveals hindered nucleation at the
classical pressure conditions are generally far from usual industrialelectrified graphene membrane evidenced by the presence of stable Cu+
environments (pressure gap) but alheterogeneous materials are very 10NS.

different from those often used to simplify the modelling strategies 3:40m MM+AS+NS+PC+8®A8 Practical Liquid Cell Microscopy
(r_nat_erla_l gap). For |nst'ance to -monitor -smtu/operando the Iatergl Opportunities and ChallengeDaan Hein AlsemK. KarkiHummingbird
distribution of the chemical state of surfaces and interfaces during a gcientific J.T. Mefford, W.C. ChueBtanford University N.J. Salmon
catalytic orelectrochemical reaction at sutmicron level at environmental t:ummingbi-rd-Scientificy o ' -INVITED'

conditions as close as possible to the operational ones is of crucia . . . .
importance to shed light on the running processes. But the possibility to ransmission electron microscopy (TEM)’ scanning electron microscopy
) (SB) and synchrotron Xay microscopy (XRM) are powerful

investigate chemical reactions with -rXy photoekctron spectre o . .

. . i ) L characterization tools and are routinely used to study a wide range of
microscopies by overcoming material and pressure gaps is still a Cha”engﬁ”laterial-systems at the nanoscale. This has generated strong interests in
also for modern experimental setups. - . T -

i ) _acquiring more reliable quantitativie-situ and operand measurements in
The Escamicroscopy team of Elettra which operates a Scanningealistic reaction environments, as is possible with liquid environmental
Photoemission Microscope (SPEM) has recently developed novel cenceptcells. This approach has already started to produce new insights on the
for a new generation of SPEM working upder more r_eal|s_t|c pressuredynamics and structural changes during electrochemical processes as
conditions. The graphene sealed cells, combined for the first time with XPSjthjum ion insertion/etraction, dendrite formation, metal nucleation and
by A. Kolmakov [1], allow the possibility to investigate systems whichcorrosion. However, practical aspects of replicating representative

require an ambient pressure regime (elguid/solid interfaces). Despite  electrochemical data reminiscent of bulk behavior are still a challenge in
the huge ongoing progress in the development and performance of thesethese systems.

cells several crucial issues are unsolved and will be addressed by thi

presentation I§|ere, we will discuss practical aspects of aarithg operandoliquid cell

] ) ) microscopy experiments relating to the typical geometry of these ligeit
Another recent development is an effusive cell for nearbient pessure  microscopy systems as well as artifacts coming from the microscope during
SPEM setups where the highest static pressure achievable is around perandoexperiments. We will also present a TEM/SEM/XRM microscopy

mbar. Samples are encapsulated in a vacuum sealed cell and locateg@|atform that enables true electroanalytical measurements mimicking bulk
behind a ZOQJm diameter size pinhole through which the fOCusedax behavior of the material System.

beam illuminates surfaces and photoeleaisoreach the high vacuum path

towards the electron analyzer [1]. The example study shown here is performed using electrochemical cells,

which consist of two microfabricated chips sandwiched with transparent
2:00pm MM+AS+NS+PC+®®A3 Transition Metal Complexes in  SiNx membranes faencapsulating liquid and viewing in the microscope. A

Aqueous Solutions Characterized by Liquid Jet Ambient Pressugaray newly developed hardware system and specially  optimized
Photoelectron SpectroscopyJared Bruce J.C. Hemminget/niversity of electrochemistry chips with a custom configuration for working electrode
California, Irvine (WE), counter electrode (CE) and reference electrode (RE) allows

Transition metals in aqueous solution have been investigated by aduanttative measurements of electrochemical processes with details
multitude of techniques and are a cornerstone of many aspects of fesembling the complete cycle of the bulk. As illustrations, we present
chemistry Recently, the atmospheric chemistry community has begun to ¢yclic voltammetry (CV) studies of some model compounds such as 01.M
shift their attention to iron, manganese and copper containing aqueous CuS@and 20 mM kFe(CNy20 mM KFe(CNjin 0.1M KCsolutions. In the
solutions due to their propensity to generate hydroxyl radicals at the former case, the copper deposition and stripping occurs at the working
air/water interface through a Fenton mechanism. Urstanding the electrode at distinct redox peaks in liquid cell and the result mimics the
chemical state of the transition metal present at the air/water interface, in dulk electrochemical cells with large electrode areas and larger volume of
addition to the distribution as a function of depth, would provide critical €lectrolyte soltion. This work highlights the fact that with suitable
insight to the active species of hydroxyl generation. Solvation effects havehardware systems and with knowledge and correction of microscope
been shown o significantly affect the distribution of small ions as a induced artifacts, bulk behavior of the electrochemical processes can be

function of depth from the vacuum/water interface; first through both observed and measured quantitatively.

molecular dynamics (MD) simulations then corroborated by liguiet X¢ 4:20pm MM+AS+NS+PC$$0A10 Observation of Electric Double Layer
ray photoelect_ron spectroscopy (X.IPS)._ Solvation of traition metals in under Graphene by Scanning Electron Microscopjongxuan Guo A.
aqueous solution have added complexity compared to small ions because, ;e E. Strelcodational Institute of Standards and Technology (NIST)/
of complexation of ligands and equilibria with the surrounding solvent. University of Maryland, College Park TseleWCICECO and Department of
In our work, using both a lalg based LJ- XPS and synchrotron Physics, University of Aveiro,Portugal Kolmakov,National Institute of
measurements at the Advanced Liglource, we have shown the Standards and Technology

distribution of chemical states on a model Fenton reagent/dipchange  The formation of the electric double layer is a fundamental phenomenon
with depth relative to the air/liquid interface. The chemical state is also occurring at electrified solidiquid electrolyte interfaces and which has a
sensitive todspectatok ions in the solution. The presence of lads to @ key importance for energy devices, chemical eegiing and biomedical
binding energy shift in the Fe 2p spectra and a change in the distribution agpplications. The structure and composition of electric double layer can be
a function of depth. This is also observed in the Cl 2p spectrum where &ccessed using optical methods and more recently with Xay

binding energy shift of 0.3 eV indicates the presence of an inner sphere Cdpectroscopy 3 as well as scanning probe microscbpy
that follows the distributimn change in the Fe 2p spectrum
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In this presentation, we demonstratthe feasibility ofin-situ scanning [2] T.G. McConkeyl.H. Bjanin, C.T. EarnesC.R.H. McRa&. PagelJ.R.
electron microscopy to observe the changes in electric double layer inRinehart M. Mariantoni, Mitigating Coherent Leakage of Superconducting
different electrolytes upon polarization. We designed an electrochemical Qubits in a LargeScale Quantum Socket, Quantum Sci. Technol.
liguid cell with electron transparent electrode made of bilayer graph&he.  10.1088/20589565/aabd41 (2018)

We monitored the changes in secondary electron yield from the graphene [3] C.R.H. McRag. H. Bjanin, Z. PagelA.O. AbdallahT.G. McConkeyC.T.

liguid interface upon electrolyte polarization. We found that the Earnest J.R. Rinehartand M. Mariantoni, Thermocompression Bonding

normalized SEM image contrast is linear with the applied bias voltage anGrechnology for Multilayer Superconducting Quantum Circuits, Appl. Phys.
is related to the concentration and didtrition of the ions at the interface. | oyt 111 123501 (2017)

The analysis of SEM videos provide insight on long term kinetics of ionic

moieties in electrolyte during polarization. This experimental methodology 2:40pm MP+AM+EM+N$10A5 Pogo Pin Packaging for High Coherence

will be helpful for understanding the structure, property, and dynaoé Qubits, Nicholas Bronp V.P. Adiga, S.B. Olivadese, O.aJitBM, T.J.

the electric double layer at soli¢lectrolyte interfaces. Watson Research CenteX. Wu, National Institute of Standards and

Reference Technology J.M. Chow)BM, T.J. Watson Research CenterP. Pappas,
National Institute of Standards and Technology

[1]. F. Zaera Chem. Rev. 112(2012),29286 The connectivity between qubits in large superconductingarqum

[2]. M. Favaro, B. Jeong, P. N. Ross, J. Yano, Z. Hussain, Z. Liu and Brodessors prevents the qubits from being addressed by control lines

Crumlin, Nature Communications 7(2016), 12695 routed to the edge of the chip. In these nontrivial circuit topologies,
[3]. M. A. Bown, Z. Abbas, A. Kleibert, R. G. Green, A. Goel, S. May, and ifternal gqubits must instead be coupled to control and measurement
M. Squires, Physical Review X 6(2016), 011007 electronics by a nonplanar technique. Hasm@ present a pogo package

. onsisting of commercially available parts and requiring modest machining
[4]. 3. M. Black, M. Zhu, P. Zhang, R. R. Unocic, D. Guo, M. B. Okatan, S. Jal

P. T. Cummings, S. V. Kalinin, G. Feng, and N. Balke, S iits 6 _e‘rances. Throggh cgreful engineering of‘the package for‘ cryogenic and
(2016), 32389 microwave considerations, we measure high coherence times and gate

] fidelities for qubits in a quantum processor connected by pogo pins. This
[5]. A. Yulaev, H. Guo, E. Strelcov, L. Chen, I. Vlassiouk, A Kolmakov, Afgpk was supported by IARPA under contract W911BHE-0114FE.

applied materials & interfaces 9 (2017), 2648502 ) o
[6]. H. Guo, E. Strelcov, A. Yulaev, J. Wang, N. Appathurai, S. Urquhart 3J00pm MP+AM+EM+N$10A6 50 Ohm Superconducting _Kinetic

; ‘INnductance TravelingVave Amplifier with flexible pump frequency for
\1/(|)r:1310n, S. Sahu, M. ZwkJand A. Kolmakov, Nano Letters,17(2017), £034 Four WaveMixing and Three Wave Mixing<ian Wy M. Bal, J. Long, H.S.

Ku, R. Lake, D.P. Pappidational Institute of Standards and Technology
We developed a 50 Ohm transmissilime based superconducting kinetic
inductance travelingvave (KIT) amplifier using high inductance material

Materials and Processes for Quantum Computing FOCUSNbTiN. The nonlinedy originates from the kinetic inductance of the

Topic superconductor and enables amplification. Often, the impedance of the
Room 203A Session MP+AM+EM+N#&0A transmission line is significantly higher than the 50 Ohm microwave

. . environment due to the dominance of kinetic inductance over georoetri
Systems and Devices for Quantum Computing I inductance at micron size scales. To address this impedance mismatch, we
Moderator: Josh MutusGoogle Inc engineereddfingers on each side of the original coplanar waveguide KIT

1:20pmMP+AM+EM+N$10A1 Quantum Engineering of Superconducting (1] to _introduce extra_capacitance th_at def:reases th_e impedance to
Qubits, William Oliver, MIT Lincoln Laboratory INVITED approximately 50 Ohm [2,3]. Those extfangers glso fu_nctlon tc_) create a

band stop at higher frequency to bend the dispersion relation between
wave vector (k) and frequency (f), which allows us to apply the pump
frequency within a wide span of a few GHz and achieve several GHz gain
bandwidth br chosen pump frequency. Another advantage of this
structure is that it significantly reduces the phase velocity, hence
shortening the physical length of this device. Gain measurements based on
both four wave mixing and three wave mixing will be presented

Superconducting qubits are coherent artificial atoms assembled from
electrical circuit elements and mm@mwvave optical components. Their
lithographic scalability, compatibility with microwave control, and
operability at nanosecond time scales all converge to make the
superconducting qubit a highly attractive candidate for the constituent
logical elements ofa quantum information processor. Over the past
decade, spectacular improvement in the manufacturing and control of
these devices has moved superconducting qubits from the reaim of[1] Appl. Phys. Lett. 108, 012601 (2016);
scientific curiosity to the threshold of technical reality. In this talk, we https://doi.org/10.1063/1.4937922

review this progress and our own work at MIT that are creating a future of [2] Journal of  Applied Physics 119, 083901 (2016);

engineered quantum systems. https://doi.org/10.1063/1.4942362

2:00pm MP+AM+EM+N$10A3 The Quantum Socket: A Wiring Method  [3] Appl. Phys. Lett. 110 152601 (2017);
for Superconducting Quantum Computiniylatteo Mariantoni, University https://doi.org/10.1063/1.4980102

of Waterloo, Canada INVITED

3:40pmMP+AM+EM+I8-M0A8 Near Term Development of Short Depth

| will provide a brief introduction to the main technological and scientific Quantum ProcessorsJerry Chow IBM Research Division, T.J. Watson
challenges to be faced in order to build a practical quantum computer, with pogearch Center ' ' INVITED

emphasis on the case of superconducting quantum comngutl will then
delve into a detailed explanation of a method to address the wiring of a
two-dimensional array of superconducting quantum bit (qubits): The
quantum socket [1]. Next, | will show how the quantum socket can be
extended to a mediurscale quatum computer and how it can help
mitigate coherent leakage errors due to qubits interacting with spurious
cavity modes [2]. | will then show thermocompression bonding technology
[3], a method that allows us to further protect qubits from the
environment. h particular, | will propose a new qubit design based on our
experimental implementation of thermocompression bonded chips, where

vacuum gap capacitors are used to reduce dissipation due-taked two . . o
level state defects in amorphous dielectrics, whiate the insulators In this talk | will focus on the development and characterization of short

presently use in our qubits. depth superconducting quantum hardware. Crosstalk and decoherence are

. . some of the most pressing issues that we face today. Decoherence limits
g']HJ'ngZg(n’ ;oiamzceii%r;k:g '%h:?ilréEhs’gigaB?egraéﬁ'g E;(;;Zit M the number of operations that can be performed on the hardware (the
" * * T . P i h of the circuit) wher r Ik can limit wh ration n
Zapatka, A.G. Fowler, arid. Mariantoni, ThreeDimensionalWiring for depth of the circuit) whereas crosstalk can limit what operations can be

. S . performed in parallel on the circuit. The messors featured on the IBM Q
gxéizsc;?g)(ggfg;um Computing: The Quantum Socket, Phys. Rev. App“egﬁperience are based on fixed frequency transmon qubits with a cross

resonance based two qubit gate. For this platform only a very narrow
frequency range for the qubits is possible. This leads to problems related to
Monday Afternoon, October 22, 2018 16 1:20 PM

Quantum processors are currently in their infancy though the community is
poisedto explore bringing them to a state where they can outperform
classical computations in relevant application. The challenges that lie ahead
are plentiful and touch all aspects of the quantum computer, ranging from
finding algorithms to building control sofare and control hardware as
well as engineering and fabricating and testing the quantum hardware. In
an effort to accelerate the development of quantum computing IBM
launched the IBM Q experience. The Q Experience is a -bkmet
platform which allows ayone to get familiar with quantum computing. It
allows users to run experiments on actual quantum hardware.
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frequencycrowding and spurious interactions. Methods for characterizing

microstructures were observed foremixed binders with increasing

and addressing both the frequency allocation and characterizing crosstalkasphaltene concentrations. Consistency between our observations [2] and

will be discussed.

4:20pm MP+AM+EM+N$10A10 Frequency Crowding in Lattices of
Transmon QubitsSami RosenblaftJ.B. Hertzberg, Lhavezarcia, N.T.

other literature suggests that microstructures observed by AFM are
probably not just a surface phenomenon.

Furthermore, the complex nature of binder anbde various influencing

Bronn, H. Paik, M.O. Sandberg, E. Magesan, J. Smolin, J.B. Yau, V.P. Aof@giors often lead to practical challenges in investigation of its

M. Brink, J.M. ChowBM, T.J. Watson Research Center

A key goal in quantum computing is to develop scalable -falérant
quantum logic circuits. One pronmg architecture involves lattices of
fixed-frequency transmon qubits coupled via crassonance gates. Fixed
frequency qubits offer high coherence and theralcrowave gate reduces
circuit complexity. To optimize gate performance, excitation energies of
neighboring qubits must be similar but nalegenerate. This architecture is
thus sensitive to any variation in device parameters affecting transmon
frequency. In this talk we will discuss a statistical model for the resulting
$equency crowdin@ behavior and suggest improvements in both
architecture design and qubit fabrication in order to achieve scalable
circuits with good gate fidelity.

*We acknowledge support from IARPA under Contract No. WOUBNF
0114.

Nanometerscale Science and Technology Divisio
Room 102B Session NS+2D+AS+MGA

SPM- New Imaging and Spectroscopy Methodologies
Moderators: Aubrey HanbickiNaval Research Laborato§idney Cohen
Weizmann Institute of Science, Israel

1:20pm NS+2D+AS+P@oAl A Connection Between Stability of STM
Control System and Local Barrier Height: Implications on Imaging and
Lithography S.O. Reza Moheimariiniversity of Texas at DallasINVITED
Poor performance of the Scanning Tunneling Microscope (STM) contro
system may result in tigsample crash, a prevalent failure in STMs. Since its
invention, about thirtyfive years ago, few attempts have been made to
improve the STM control system. Consequently, nearly all STMs are toda
operated with experimentally seléad fixedgain Pl controllers. Selection

of controller gains is often done without much attention to the
electromechanical dynamics of the scanning tunneling microscope.
Performance of such poorlyined controllers is limited and a key
contributor to the ip-sample crash.

We perform closed loop system identification on a scanning tunneling

microstructures and their chemical origins. Some of the main concerns
related to AFM characterization of bind€ricrostructures, namely the
dependence of the micsiructures on such factors as sample preparation
methods, annealing conditions and durations, and chemical composition,
were also addressed in this study.

The above findings provide practical knowledge and deeper insights into
the establishment of the conligated chemicamechanical relationships
for asphalt binders that pave the way toward tuned binder performance.

[1] https://www.reportlinker.com/p0158665/U\sphaltindustry.html

[2] dTime and compositiordependent evolution of distinctive
microstructures in bitumené X. Yu, S. Granadé®cil, M. Tao, and N.A.
Burnham, Energy Fuels 3280 (2018).

2:20pm NS+2D+AS+P@oA4 Offering new Characterization Capabilities
at the XTIP beamline by Combining Scanning Tunneling Microscopy with
Synchrotron Radiation Volker Rose H. Chang, M. Fisher, S.W. Hla, N.
Shirato,Argonne Natioal Laboratory

The race is on for chemicatray imaging with nanoscale resolution.
Specifically, there are currently substantial efforts underway at synchrotron
facilities worldwide that aim to combine-rays with scanning probe
microscopy. Recently, sulasttial progress was made on Argoifhe
Synchrotron Xay Scanning Tunneling Microscopy -&PM) project. SX
STM enables an entirely new view into the nanoworld by combining the
best of two worlds: the exceptional chemical, magnetic, and structural
sensitiviy of synchrotron xays combined with the high spatial resolution
of scanning probe microscopy accompanied by its ability to engineer and
manipulate surfaces down to the level of single atoms.

To fully exploit the special capabilities of a unique new geyic xray
microscope, XTIP, a dedicated beamline foiSTXI will become available

Y%t the Advanced Photon Source in early 2019. To meet the scientific

objective of the nanoscience and nanomagnetism communities most
effectively, we are going to build a safray beamline with full polarization
control operating over the 560600 eV energy range. The dedicated XTIP
beamline will provide researchers access to a-ofta-kind instrument.
Among the potential breakthroughs atelesigne¢ materials created from
controlled assembly of atoms and molecules, and the emergence of

microscope and show that the system DC gain is proportional to the squareentirely new phenomena in chemistry and physics.
root of Local Barrier Height (LBH), a quantum mechanical property of the

sample and/or tip that affects the tuntiag current. We demonstrate that

2:40pm NS+2D+AS+R@oA5 Scanning Probe Microscopy Based

during a scan the LBH may undergo significant variations and thus it mapPectroscopy Measurement for Nanoscale Chemical Identification

adversely affect the closeldop stability if the controller parameters are
fixed. Feedback instabilities increase the risk osample crash in $745.

In order to improve the closed loop performance, we estimate the LBH, on
the fly, and use this information to adaptively tune the PI controller
parameters. Experimental results obtained with the 4deling PI
controller confirm the improved STM perfoance compared to the
conventional fixed gain Pl controller. Further experiments confirm
effectiveness of the proposed method in extending the tip lifetime by
lowering the chance of the tip/sample crash.

2:00pm NS+2D+AS+R@0A3 Distinctive Microstructuresin a Complex
Polymer Evolve with Time and Composition Yu,Worcester Polytechnic
Institute; S. GraadosFocil, Clark University M. Tao, Nancy Burnham

Worcester Polytechnic Institute

Chanmin SpBrukerNano, Inc. INVITED
Scanning probe microscopy has been instrumental for physical property
characterizations at the nanometer scale, primarily for mechanical,
electromagnetic and thermal properties. Recent progresses were éacus
on chemical identification based on miR spectroscopy, pushing FTIR
mapping to a resolution at or beyond 10 nm. This presentation will review
technology advances in both scanning near field optical microscopy and
photothermal based IR spectroscopy.ckaf the techniques is discussed
and benchmarked by detection limit, spatial resolution and signal to noise
ratio, which ultimately determines the chemical mapping efficiencies. We
will highlight techniques that address correlative imaging where physical
and chemical properties at the same nanoscale location being acquired
either concurrently or sequentially. As an example, PeakForce tapping
based chemical and physical measurements will be explained in detail with

The diverse microstructures observed by atomic force microscopy (AFM) irthe applications ranging from 2D materiais polymer complexes. The

asphalt binderg a complex polymerg, suggest complicated intermolecular
associations. These microstructures contribute to binflbrsk mechanical
properties; therefore, it is essemti to understand chemical
microstructuratmechanical relationships for optimal design of binder

presentation will also highlight major challenges for scanning probe based
measurements to be broadly adopted as the premier tool for nanoscale
chemical fingerprint mapping.

3:40pm NS+2D+AS+R@0A8 Quantifying TipSample Interadbns in

related applications, which range from roads to roofs. The US market forVacuum Using Cantilevésased Sensors: An Analys®.E. Dagdeviren, C.

asphalt binders in 2019 is predicted to reach 148 million barrels. [1]

Binders annealedt room temperature for over two months showed time
dependent microstructures, which correlate well with rogemperature

Zhou, E.l. Altma Udo D. SchwarYale University
To achieve as much quantitative information on a surface as possible, the
local measurement of thsample interaction potentials has recently gained

steric hardening behavior as verified by other researchers using modulatednych popularity in particular under wellefined ultrahigh vacuum

differential scanning calorimetry. Microstructures of thHainder films

conditons, where such measurements can be carried out with great

stabilized after different annealing durations, depending on the dimensions accuracy both in terms of spatial as well as force resolution. To this end,
of the molecular structures and the complexity of the molecular gijther the oscillation frequency or the oscillation amplitude and phase of
interactions among the multiple phases in each bitumen. Distinctive the vibrating forcesensing cantilever are cerded as a function of tip
Monday Afternoon, October 22, 2018 17 1:20 PM
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sample distance and subsequently converted into quantitative values for
the force or interaction potential. Here, we theoretically and
experimentally show that the force law obtained from such data acquired
under vacuum condities using the most commonly applied methods may
deviate more than previously assumed from the actual interaction when
the oscillation amplitude of the probe is of the order of the decay length of
the force near the surface, which may result in a magligble error if
correct absolute values are of importance [1]. Caused by approximations
made in the development of the mathematical reconstruction procedures,
the related inaccuracies can be effectively suppressed by using oscillation
amplitudes sufficientljfarger than the decay length. To facilitate efficient
data acquisition, we propose a novel technique that includes modulating
the drive amplitude at a constant height from the surface while monitoring
the oscillation amplitude and phase.Ultimately, such pditnde sweep
based force spectroscopy enables shorter data acquisition times and
increased accuracy for quantitative chemical characterization compared to
standard approaches that vary the t§ample distance. An additional
advantage is that since no feleeick loop is active while executing the
amplitude sweep, the force can be consistently recovered deep into the
repulsive regime.

[1] O. E. Dagdeviren et al., Physical Review Apf]ied4040 (2018).

4:00pm NS+2D+AS+HAg0A9 AFM + Nanoscale VAR Spectrosapy via
Photo-induced Force MicroscopyDerek Nowak T. Albrecht, S. Park,
Molecular Vista

Photoinduced Force Microscopy (PiFM) [1] combinptical spectroscopy

and atomic force microscopy (AFM) via illumination of thesémple
junction with tunable laser light and mechanical detection of forces acting
on the tip in response to interaction of light with the sample. With infrared
(IR) sourceRiFM can map the IR absorption of the sample as a function of
IR wavelength and position and achieve-soale resolution in displaying

the locations of heterogeneous materials on the surface of a sample. Even
for samples without active IR absorption bafi-M can be used to acquire
nanoscale mapping based on the dielectric constant of the sample surface;
dielectric constant mapping also allows high resolution -sutface
mapping. With tunable visible and near infrared (VisNIR) laser source, PiFM
can map egiton resonances with similar spatial resolution even on
monolayer samples. Examples from various classes of samples including
organic, inorganic, and 2D materials will be presented. We will also present
PiFM spectroscopy data that show excellent correlatiwvith bulk FTIR
spectra despite the fact that PiFM acquires local chemical information from
regions in the range of 10 nm in extent.

[1] D. Nowak et al., Sci. Add.e150157 (2016).
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2D Materials Focus Topic 8:40am 2D+EM+MI+NSuM3 Mechanical Properties of Marjayer CVD
Room 201B Session 2D+EM+MI+NXIM Graphene Kyle LarsenS. Lehnardt, J.T. Rowley, B. Anderson, R.R. Vanfleet,
. s . . . R.C. David®8righam Young University
Propertl_es of ZD_ Mate”alanIUdmg EIeCtr_OmC’ Magnetlc, Graphene, a monoatomic layer of carbon atoms, has a reported Ybung
Mechanical, Optical, and Thermal Properties modulus of 1 TPa and a tensile strength of 130 GPa. These values make it
Moderator: Johannes Jobsteiden University both the strongest and one of the stiffest materials ever reported. The
8:00am 2D+EM+MI+NSuM1 Effect of Lattice Stacking Orientation and meche'n.|ca| properties. of mu|t||ayer graphene grown by chemical vapor
deposition have been reported for films of up to 10 layers (3.35 nm). Films

éorgaLeLZCgr;iejsT\e/:nagorsOr':/luttser%?hgﬂcaéa%eh; \&orsﬁze':eew JL?I_y:r;thicker than about 10 layers (sometimes considered graphite rather than
wpher ¢ g tuts. rjee, &.H. Lao, F.U. ep, <. multilayer graphene) are of interest as memahes and in MEMS
University of Toronto, Canag®.M. AjayanRice UniversityC.V. Singh, Y. e . )
Sun, T. Filletetniversity offoronto, Canada applications. We have characterized CVD grown riaysr graphene films
o y T . . with thicknesses of about 50 nm by Raman spectroscopy, burst testing, and
Inyestlgatlon of few layer 2D materials is fundamentally |mpoﬁaqt 0 atomic force microscopy. The atomic force microscope was used to map
br|dg§ the gap betweeq monolayer_ and bulk propertl_es, and practically the local compliance @r suspended regions containing cantilevers cut out
mea”'”gf“' for_ applications as relnforceme_nt nanofillers an_d I‘ay(_ered of the manylayer graphene with a focused ion beam. Analytical and finite
EIBCUOWC defwces. ll:ew Iaygmtroducei d|fferen|ces_ frOT Intrinsic | element modeling were used in the analysis of the deflection of the many
properties _OF monofayers due to_ the _comp exity o strut_:tura layer graphene cantilevers to extract Yo@gnodulus. Té manylayer
heterogeneities, such as lattice stacking orientation and local thmknessgraphene is high quality (little or no D peak in the Raman spectrum) and

variation. In this work [1], few layer graphene oxide (GO) with different has a Your@ modulus in the range reported for graphene (0.5 TPa to 1
structurd heterogeneities were studied using atomic force microseopy TPa).

based deflection measurements and transmission electron microscopy

(TEM). Direct TEM evidence of fracture surfaces and molecular dynamic9:00am2D+EM+MI+NSuM4 Electronic Structure and Magnettransport
(MD) simulations revealed decoupled and dissimilar layrack patterns Properties of Nanostructued Graphene on SiC(0Qictor Aristoy DESY
(i.e., different cracking pathway of top and bottom layers) for misaligned Hamburg, GermanyH-C. Wu,BIT, Beijing, Chin@V. MolodtsovaDESY
bilayer GO. In contrast, aligned GO bilayers generally fractured with aHamburg, GermanyN. ChaikalSSP RAS, Russia

larger portion of common cracks shared by both layers, indicating strongerGraphene shows unbelievable properties that are of worth both for basic
interlayer interacton than its misaligned counterpart. MD results also investigations and technology. The aptitude to open gap and to get
revealed insignificant effect of lattice alignment on the strength and graphene magnetic are principal challenges in thed$ of upto-date
toughness of GO bilayers, which is ~23.5 GPa and »i0%LJ/nr?, applications. Nanostructured graphene with an enormous amount of nano
respectively, for both aligned and misaligned cases. Scaling tp layers ~ domain boundaries and ripples becomes to be the most promising material
and above revealed more significant local thickness heterogeneity andfor graphenebased electronic and spintronic applications, since rano
consequently a ~60% reduction of the normalized fracture force and domain edges can comphy reflect electrons over a great range of
toughness with respect to the average number of layers. MD simulationsenergies [1] and hold spipolarized electronic states [2, 3]. Electrical
on partially intercalated few layerGO revealed anisotropic and measurements conducted at low temperatures on the vicinal SiC(001)
heterogeneous stress distributions, as well as stress concentration near thesamples demonstrate the opening of a transport gap in the nanostrudture
inner edges, which may account for the significant reduction of strength trilayer graphene up to 1.3 eV [4], which is induced by-al@hed periodic
and toughness. nanoboundaries . The transport gap opening produces high curresutfon

[1] T. Cui, S. Mukherjee, C. Cao, P. M. Sudeep, J. TamApykh, C. V.  ratio of 10 [4, 5]. The magnetoesistance measurements disclose an
Singh, Y. Sun, and T. FilletéEffect of Lattice Stacking Orientation and €Xceptional big positive magnetesistance in parallel magnetic field with

Local Thickness Variation on the Mechanical Behavior of Few Layeftrong temperature dependence [6]. It has been shown that graphene layer
Graphene Oxide Carbon accepted. rippling near domain boundaries lead to edenensional conductivity

(along the domain boundaries) at low temperatures and to accumulation of
8:20am 2D+EM+MI+NJuM2 Out-of-Plane Mechanical Properties of 2D electrons with a particular spin direction at the boundaries. Moreover,
Hybrid Organienorganic Perovskites by NanoindentatioQing Ty I. nanodomain boundaries with ripples have the potential to work as a spin
Spanopoulos, S. Hao, C. Wolverton, M. Kanatzidis, G. Shekhawat, V. Dravifiter and can result in a positive magnetoresistance at low temperature.

North\llvestern Ur;:ver; ity . . i h This work was supported by Beijing Institute of Technology Research Fund
2D layered . ybrid orgamaorganic  perovskites (,HOIPS) ave Program for Young Scholars, Science Foundation Ireland (SFI) (No.
demonstated improved stability and promising photovoltaic performance. 12/IA/1264), Russian Foundation for Basic Research (Grant Ne@2- 17

The mechanical properties of such functional materials are bot 01139, 1702-01291), Marie Curie IIF grant withthe 7th EC Framework
fundamentally and practically important to achieve both high performance Program.

and mechanically stable (flexible) devices. Here wmorethe static, out )

of-plane mechanical properties of a series of 2D layered lead iodide HOIPS: O-V- Yazev and S.G. Lobiature Mater, 9, 806 (2010).

with a general formula of @RHs)(CHNHs).1Phlan+, and investigate the 2. P. Ruffieux et aNature531, 489 (2016).

role of structural suhmits @.g,_ the length of theorganic_spacer mol_ecules 3. K. Nakadat al.,Phys. Re®,54 17954 (1996).

-R andthe number of inorganic layen) on the mechanical properties by .

nanoindentation. We find that the 2D HOIPs are softer than their 3D 4 H:C. Wu, A.N. Chaika, et ACS Nan, 8967 (2015).

counterparts due to the replacement of the strong inorganic layer and ionic 5. A.N.Chaika, V.Yu. Aristov, O.V. MolodtsoPapg Mater Sci 89, 1

bonds by the soft organic layers and the wa&dn der Waals interactions.  (2017).

As n increases from 1 to 5, the relative amount of these weak factors in theg H.c. Wu, A.N. Chaika, et alature Commun8, 14453 (2017).

crystals are decreasing and both the aftplane Youn® modulus E and

hardness H increase, approaching to the reported values of corresponding:20am ~ 2D+EM+MI+NguM5  Discovering ~ and  Visualizing

3D crytals. DFT simulations showed a similar trend to the experimental Ferromagnetism in Intrinsic Two Dimensional Materialsling Xia

results. Furthermore, we show that increasing the alkyl chain spacerUniversity of California Irvine INVITED

molecule-R from-GHo to -Gi2Hzs, E first decreases and eventually plateaus In this talk, | will discuss our recent results on discovering and visualizing in

while no clear trend in H is observed. Owsults reveal that the 2D magnetism using a unique scanning Sagnac MOKE microscope, which is

competition between the stiff inorganic layers, the soft organic layer and based on a Sagnac interfereter technigue and has achieved

the weak Van der Waals interfaces determines the mechanical propertiesunprecedented nangadian level Kerr and Faraday sensitivity even at DC.

of 2D HOIPs. Finally, we compare these findings with those in other 20n exfoliated Cr2Ge2Te6 (CGT) atomic layers, we report the discovery of

layered materiad such as 48N, Mo%and MXene, and shed light on routes intrinsic ferromagnetism in 2D van der Walls crystals, defying the- well

to further tune the outof-plane mechanical properties of 2D layered known Mermin-Wagner theorem. Unlike 3D magnetism, the ferromagnetic

HOIPs. order in this 2D system is stabilized by magnetic anisotropy from the CGT
structure, which is not present in graphene. As a result, changing the
magnetic anisotropy with a small external magndfimld was found to
strongly enhance the Curie temperature, which is a feature unique to 2D
magnetism.
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11:00am 2D+EM+MI+NSuM10 Onset of Buckling Folding and Slipping 11:40am2D+EM+MI+NSuM12Electronic, Thermal, and Unconventional
Instabilities in 2D Materials under Compressive Straitaehyung YUE. Applications of 2D MaterialsEric PopE. Yalon, C. McClellan, K. Smithe, C.

Ertekin, A.M. van der Zandéniversity of lllinois at Urbar@hampaign English, M. Mlezko, M. Muioz Rojo, N. Wang, S. Suryavanshi, I. Datye, C.
Atomic membranes of monolayer 2D materials represent the ultimate limit Bailey, A. Gabourie, M. Chen, V. Chen, K. Schauble, R. Gtaufprd
in sze of nanoelectromechanical systems. These materials have higHJniversity INVITED

mechanical strength, yet low bending modulus leading to high pliability. This talk will present recent highlights from our research on -two
Adding in the diverse active electronic properties of different 2D materials, dimensional (2D) materials and devicesliding graphene, boron nitride
atomic membranes will allow new next geaéibn technologies like highly  (h-BN), and transition metal dichalcogenides (TMDs). The results span from
strainable crumpled or folded electronics, or 3D origami devices based orfundamental measurements and simulations, to devices, to system
2D materials. In order to realize these new technologies it is important to oriented applications which take advantage of unusual 2D material
understand how the rules of continuum membrane mechanics break down properties. On the dndamental side, we have measured record velocity
on the atomic scale and how these deformations will affect the electronic saturation in graphene [1,2], as well as the thermal properties of graphene
properties, including the role of compressive stress, bending, adhesion anchanoribbons [3]. These are important for electronic applications, which can
interlayer shear. exhibit substantial selfieating during operation [4]Taking advantage of

Here, we present a combined experimental and theoretical study of the low crossplanethern_ﬁal conductance, we found unexpected z?\ppli_cations of
onset of instabilities sth as buckling, folding and slip on the properties of 9raphene as ultrdhin electrode to reduce power consumption in phase
2D materials and heterostructures under compression. We generate change memory [5]. We have also demonstrated wafeale graphene
periodic fold structures of the graphene, MoS2, and their heterostructures SYStéms for analog dot pauct computation [6].

by introducing the compressive stresses with the-pm&ined stretchable We have grown monolayer 2D semiconductors by chemical vapor
substrate. We analyzed then measured the membrane morphology usingdeposition over criscales, including MeSvith low device variability [7],
atomic force microscopy (AFM) under increasing levels of uniaxialWSe, MoSe ¢ and multilayer TMDs Moteand WTe [8]. Importantly,
compression up to 30%. We observed that the stralaxation mechanism  ZrSe and HfSehave native hig-K dielectrics Zr©and HfQ, which are of

of atomic membranes could be varied fino generating and growing  key technological relevance [9]. Improving the electrical contact resistance
standing folds to collapsing to generate trifolds based on the mechanical[10], we demonstrated 10 nm transistors usingpnolayerMo$, with the
properties including 2D modulus, bending stiffness, adhesion and interlayerhighest current reported to date (>4Q0/pum), approaching ballistic limits
shear energies. The onset of these instabilities depends on the 2D materia]11]. Using Raman thermometry, we uncovered low thermal boundary
or heterostructure making up the membranes. In graphene folds grow then conductance (~15 MW/AK) between Mo%and Si@ which could limit
collapse at compressive strain of ~5%. In monolayer MoS2 standing foldbeat dissipation in 2D electronics 2[L We are presently exploring
grow to a fixed height of ~20 nm but do not collapse. Instead, new folds areunconventional applications including thermal transistors [13], which could
generated in between the existing folds. enable nanoscale control of heat iithermal circuité analogous with
electrical circuits. Overall, these studies reveal fundamental limits and new

We use density functional theory (DFT) to model the morphology of the Hikd - > 8 .
applications that could be achieved with 2D materials, taking advantage

same structures under compressive slack. We find that, in #aylér 2D Hkat )
materials, the onset of slip between the layers is crucial parameters to their unique properties.

decide the bending stiffness of the nesial. We found that the References: [1V. Dorgan, MH. Bae, E. Popg\ppl. Phys. LetB7, 082112
superlubricity between the layers allows the linear scaling of bending (2010).[2] M. Yamoah, et alACS Nand1, 9914 (2017).3] M.-H. Bae et
stiffness with the number of layers, which violates the conventional cubic al., Nature Comm.4, 1734 (2013)[4] S. Islam, et allEEE Electron Device
scaling of bending stiffness in continuum mechanics. Lett 34, 166 (2013)5] A. Behnam et alAppl. Phys. Letterd07, 123508

We unite the atomic scale simgian with the experiment through a  (2015).[6] N. Wang et al\lEEE VLSI Tech. Synipn 2016, Honolulu HT]
continuum model to compare the period, shape, and transition strains K- Smithe et alACS Nana1, 8456(2017).[8] M. Mleczko et al. ACS Nano
extract the variations in adhesion and bending energy of different 2D 10, 7507 (2016)[9] M. Mleczko, E. Pop, et aBcience Ad, 1700481

materials and heterostructures to find the deformation of 2D materials (2017)-[10] C. English et alNano Lett 16, 3824 (2016]11] C. English et
under the ompressive strain. al., IEEE Intl. Electron Devices Meeting (IEMéE 2016[12] E. Yalon, E.

Pop, et al.Nano Lett.17, 3429 (2017).13] A. Sood, E. Pop et ah press
11:20am 2D+EM+MI+NSuM11 Title: SpatiallyResolved Contaefree (2018).
Electrical Characterization of Transition Metal Dichalcogenide Films
Grown by Chemical Vapor DepositignMiguel Isarraraz L. Bartels,
University of California, Riverside Materials and Processes for Quantum Computing Focus
Surface Acoustical Waves (SAWSs) and Transition Metal Dichalcogenidt~:~|sopiC
(TMDs), separately, are topics of current research due to their present and .
future use in telecommunicins and beyondCMOS technology. The R0OM 203A Session MP+EM+NEIM

interaction between a SAW and a 2D electron gas has been previousI)High Coherence Qubits for Quantum Computing

studied by measuring the absorption of the SAW by GaAs and, mor&qgerator: Robert lic, National Institute of Standards and Technology
recently, grapheneli,ii,ii]. Here, the interaction between a SAW and a TMD

is studiedusing Mo$ directly grown by chemical vapor deposition on 8:00am MP+EM+NSuM1 MBE Grown Nitride Superconductors for
128Yxcut LiINbG. By focusing a 532 nm laser on the sample, the Quantum Circuits Christopher Richardson A. Alexander, C. Weddle,
generation of electrorhole pairs is found to enhance the attenuation of Laboratory for Physical Sciences

the SAW as expected, and this technique can be used to spatially resolveow microwave loss superconducting capacitors and inductors are critical
variations inside triangular MeSislands. Furthermore, the rtie circuit components of superconducting qubits. For transmon qubits, the
dependence of the SAW attenuation with laser exposure is used toability to make higkguality planar resonators is an essential part of
distinguish between heating and electronic effects. The induced fabricating highly coherent qubits. Plaarassisted Molecular beam epitaxy
acoustoelectric current, laser power, and SAW excitation power (PAMBE) is used to grow niobium titanium nitride alloys{h&N) directly
dependence are discussed. This technique provides a meagisatfically on silicon (111) wafers. Using a structure first approach to design
characterizing atomically thin semiconducting film that avoids the optimization, the structural, surface topology, chemical characteristics, and

limitations of metallic contacts. superconducting critical temperature of these films are used for
[l Weinreich, G., Acoustodynamic effects in semiconductors. Phys. Reoptimization of the growth conditions before resonators are fabricated and
104, 321 (1956); http://dx.doi.org/10.1103/PhysRev.104.321 tested. Here focus will be on the optimization of PAMBE films grown

" . . . . under slightly nitrogen rich conditions anitigh growth temperatures.
[i] Hoskins, M. .‘]" Morig H and Hunsinger, B. J., Charge transpor.t by Using films grown on high resistivity wafers, resonators are fabricated from
surfa_ce ?COUSUC waves in GaAs. Appl. Phys. it 332 (1982); coplanar waveguides with a narrow-Bn wide center conductor and
hitps://doi.org/10.1063/1.93526 nominal 500nm deep trench etch. Cryogenic testing at 100mK
[iii] Miseikis, V.; Cunningham, J. E.; Saeed, ®or®e, R.; and Davies, A. G., demonstrate low microwaveoks that is evident from measured internal
Acoustically induced current flow in graphene. Appl. Phys. L0 quality factors that are over 1M in the single photon regime and approach

133105 (2012); https://doi.org/10.1063/1.3697403 10M at high powers. The motivation of using PAMBE to grow
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superconductors and the favorable comparison with resonators made fromRecent experiments on SuperconductingQUantum Interference Devices
leading fims synthesized with sputter deposition will also be discussed. (SQUID) point to adsorbed moleculas & the dominant contributor to

) _ magnetism in superconducting thinUms, and demonstrate that
8:20am MP+EM+NS’uM2 Towal_'ds _Improveq Coherence Times in improvements in the sample vacuum environmelelad to sigriicant
Transmon QubitsSam StanwyckRigetti Computing _ reductions in surface spin susceptibility and magnéti noise power.
The depth of the circuit a quantum computer caerform depends directly  gyrhermore, TLS defects have been shown to reside in surface oxides and
on the coherence times of its qubits. There are many sources Ofinerfaces, where the TLS dipole couples to the qubit electric field, and
decoherence in superconducting qubits, and identifying and minimizing experiments on miowave resonators have shown that higgmperature
dominant sources is a critical step in improving the performance of annealing can yield a reduction in surface TLS defects.
guantum computers. By measnog the internal quality factor of resonators

and deliberately coupling to different loss mechanisms, we identify Here, Wedpre_sent Otl:.r res_l;lts onILr‘:ipLovmg the \Sl;%urg eknvwonment of
dominant sources of resonator loss in our systems, as well fabricationSUPerconducting qubits with an ultiaigh vacuum ( ) bake to remove

. e he adsorb&es. We measure flux noise power spectral densities (PSD)
rocess changes to ameliorate these losses. Additionally, defects and - L . )
P 9 Y using Ramsepased, CPMG filtering, and dressgephasing techniques,

gr?geg:)ar:zrgrnecseerr:qtec;ﬂctge chip surface are correlated with process Changesallowing the flux PSD measurements to span 10 decades. Furthermore, by
measuring qubit lifetime as a function of frequency (svegectroscopy),
8:40am MP+EM+NSuM3 Design and Fabrication for High Coherence we can map out the coupling strength, lifetime, and density of the TLS
Quantum Circuits David Pappas X. Wu, R. Lake, M. Bal, J. Long, C.R.defects. We present a comparison of treated and untreated devices to
McRae, H.S. KWyational Institute of Standards an@lechnology (NIST) demonstrate the improvement to qubit coherence through a UHV bake.
INVITED
In this talk we focus on achieving high coherence in reolthponent
quantum circuits [1,13]. We will discuss geometric and electrical design
strategies that mitigate energy loss while maintaining sufficient coupling to
the qubit. Materials considerations-including dielectric losses in the
substrate and various interfaceplay a central role in the implementation
of these circuits. We will present a summary of our studies of the various
participation factors and processing tecues to reduce dielectric loss in

9:40am MP+EM+NS'uM6 Metrology of Dielectric Loss using Lumped
Element Microwave Resonator€orey Rae McRae. Wu, M. Bal, J. Long,
H.S. Ku, D.P. Pappas, R. Lakational Institute of Standards and
Technology
Reducing the overall concentration of TLSs in dielectric materials remains
at the forefront of materids research in quantum information science. In
this work, we measure a lumped element resonator fabricated from a
the capacitance of the qubits and resonators for readout and coupling. Wesuperconduc.tmdiele_ctric:-SL_Jperconquctor tril_ayer to determirne the TLS
also review our methods of integration for the key nonlinear component, 0SS 0f various dielectrics of interest in superconducting quantum
the overlap tunnel junctions. In particular, techniques for achieving smooth computing. The deposition of the trilayer prior to fabrication allows control
surfaces for the junctions in a baekd proéess will be shown of the metatdielectric interfaces, and the fabrication process is generalized
) so that resonators containing different dielectrics can be compared easily.
(1] X. Wu, et al, Appl. Phys. Lett. 111, 032602 (2017);1hjs lithography method edes the measurement of trilayer capacitors

https://doi.org/10.1063/1.4993937 and junctions that have been prepared entirely in situ in an ultrahigh

[2] D.P. Pappas, Appl. Phys. Lett. 112, 182601 (2018); doivacuum environment. In future work, we will interrogate a new class of

10.1063/1.5027104 low-loss dielectrics grown with epitaxial methods using the measurémen

[3] N.T. Bronn, et alQuantum Sci. Technol. 3 (2018) 024007. capabilities developed here.

[4] P. Kumar, et al., Phys. Rev. Appl. 6, 041001 (2016). 11:00amMP+EM+NSuM10 Direct Observation of Atomic Structure of

[5] J. Braumuller, et al., Appl. Phys. Lett. 108, 032601 (2016). Ultra Thin AIQ Barriers in Al/AIQ/Al Josephson Junctions for Quantum
Devices Eva Olsson Chalmers University of Techogly, Gothenburg,

[6] 3.B. Chang, et al.,Appl. Phys. Lett. 103, 012602 (2013). Sweden INVITED

[7] M. Sandberg, et al., Apfithys. Lett. 102, 072601 (2013). The atomic structure of tunnel barriers in Josephson junctions for quantum

[8] M. R. Sandberg, et al., Appl. Phys. Lett. 100, 082602 (2012). devices and the corresponding interfaces determine the properties of the

junction. The thinnest region in the barrier of a junction will be the

[OIM. R. Vissers, etal., Appl. Phys. Lett. 101, 022601 (2012). preferential tunneling channel for charge carriers and the highest current.

[10] M. Sandberg, et al.,Appl. Phys. Lett. 100, 262605 (2012). The current increases exponentially with decreasing barrier thickness. As a
[11] D. P. Pappas, et al., EEErans. Appl. Supercon., Vol. 21, No. 3, Juneconsequence, a variation on the individual atom plane length scale results
2011. in inhomogeneity of the tunnel ctent across the barrier. There are several
[12] D. S. Wisbey, et al., J. Appl. Phys. 108, 093918 (2010). earlier experimental indirect indications that only a small fraction of the

- junction area is active.
[13] J. M. Martinis, PRL 95, 210503 (2005). . . . ) . .
We are using high resolution annular dark field (ADF) scanning transmission

9:20am MP+EM+NSuM5 Effect of Surface Treatment on  electron microscopy (STEM) imagingobtain high resolution (better than
Superconducting Qubit CoherenceBradley ChristensenUniversity of 1 A) and high precision (better than 1 pm) information about the local
WisconsiaMadison P. Kumar,University of Wisconsin Madison J.J. atomic structure [1]. We use ADF STEM imaging to directly determine the
Nelson, Y. Liu, A. Ballard, B.L.T. Plogiegcuse UniversityR. McDermott, thickness distribution along the oxide barrier in Al/AK) Josephson
University of WisconsinMadison jundions [2]. The barrier thickness is abou2 hm. The thickness
Superconducting qubits are an attraativ candidate for quantum  distribution shows that less than 10% of the junction area dominates the
information processing in the solid state . The fidelity of it gates for electron tunneling. We also study the influence of oxygen pressure and
superconducting qubits is one of the more challenging limitations toward oxidation time on the thickness distribution. &dldition, we determine the
scalable quantum computing. A promising approach to perform these gatesatomic structure and coordination of Al atoms within the oxide barrier
uses flx-tunable qubits to bias the qubit pairs into resonance to perform layer using electron energy loss spectroscopy and nanobeam electron
the necessary entangling operations. While this approach has manydiffraction [3]. A lower Al coordination is observed at the metal/oxide
advantages over competing techniques, there are still significant issues thainterface compard to the interior of the oxide barrier. We also study the
limit the fidelity of the gates. For examplesince the twequbit gate structure of the interfaces between the Al contact and the substrate [4,5].

requires fluxbiasing of a qubit, this also necessarily requires one of the [1] A B. Yankovich, R. Verre, E. Olsen, A.E.O. Persson, V. Trinh, G. Dovner,
qubits to operate at a flisensitive point, and as such, 1/f flux noise will M. kil and E. Olsson, ACS Nano 11 (20175426

restrict the possible gate fidelity. In addition to flux noise, fiuxable . . . .
qubits also suffer from microscopic twevel system (TLS) defects that f] ﬁjpfe:iss(zg'lg)ggcégge P. Krantz, P. Delsing and E. Olsson, J. Phys. D:
reside in the high field areas on the qubit capacitor pad. These TLS cause 4pPr- Fhys:

enhanced decay through both resonant interactions with the qubit and [3] L.J. Zeng, D.T. Tram\&.Tai, G. Svensson and E. Olsson, Sci. Rep. 6
LandauZener transitions as the qitofrequency is biased through a TLS. (2016) 29679.

While one could perform spectroscopy of the TLS to map out the [4] L.J. Zeng, T. Greibe, S. Nik, C.M. Wilson,I§ingpand E. Olsson, J. Appl.
inoperable space, this becomes an inefficient solution for large scalephys. 113 (2013) 143905

systems as the TLS resonance frequencies are not stable, and WiHS] L.J. Zeng, P. Krantz, S. Nik, P. Delsing and E. Olsson, J. Appl. Phys. 117
significantly drif over time. (2015) 1639i5 ' ' '
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11:40am MP+EM+NSuM12 Metrology of Tunnel Junctions for
Superconducting QubitsRussell LakeNational Institute ofStandards and
Technology (NISTX. Wu, H.S. Ku, J. Long, M. Bal, C.R. MtRdienal

The deepsubwavelength silicon nanostrures, positioned with
nanometer precision, are individual optimized to provide accurate
amplitude and phase modulations to each frequency component. Masks of

Institute of Standards and Technology (NIST) and University of Coloradthis type offer a lower cost, larger size, higher resolution, high diffraction

Boulder D.P. PappasNational Institute of Standards and Technology
(NIST)

Superconducting tunriejunctions make up the key ndmear circuit
component in many implementations of quantum electrical circuits,
including superconducting qubits. Therefore, controllable fabrication of
superconducting junctions has taken a central role in the realization

quantum computers. In this talk we discuss fabrication and characterization

of a waferscale process for nanoscale superconducting tunnel junctions
(AFAIOXAl) [1]. We present the distribution of normatate resistances
across a wafer for different pction sizes. We have applied an analytical
method of accounting for the current crowding in the junction leads [2] in
order to give accurate predictions of the supercurrent from the reom
temperature raw data. These corrected resistances can be inputtirgo
AmbegaokaBaratoff formula to predict the critical current of the tunnel
junctions in the superconducting state [3], and the corresponding-non
linear effective inductance. These results are immediately relevant to the
task of qubit frequency allocatioin multiqubit systems.

[1] Appl. Phys. Lett. 111, 032602
https://doi.org/10.1063/1.4993937

[2] J. Appl. Phyd.05 094503 (2009); https://doi.org/10.1063/1.3122503

[3] Phys. Rev. Lett.10, 486 (1963) and 11, 104 (1963);
https://doi.org/10.1103/FhysRevLett.10.486

(2017);

Nanometerscale Science and Technology Division
Room 102B Session NS+AN+EM+MN-+MP+RNM

Nanophotonics, Plasmonics, and Metamaterials
Moderators: Alokik Kanwal NIST Center for Nanoscale Science and
TechnologyNikolai KlimoyNational hstitute of Standards and Technology

8:00am  NS+AN+EM+MN+MP+RWUM1  Parametric Nonlinear
Interactions in Nanofabricated Silicehased PhotonicsAmy FosterJohns
Hopkins University INVITED
High optical confinemenwaveguides on integrated platforms enable
nonlinear optical interactions with low power levels. The thimder
nonlinear susceptibility, a modification of a mate@apermittivity due to

an applied optical field, exists in all materials, and is amsitgdependent
process leading to thirdrder parametric effects. Harnessing the high
optical intensities enabled by high confinement waveguides allows
standard semiconductor materials to become povedficient parametric
nonlinear optical devices that naoperate with powers in the mW range.
The optical confinement of a waveguide also enables control over the
waveguid@® dispersion, allowing for phaseatching of the parametric
processes thereby improving its operating bandwidth. Using standard
nanofabri@tion techniques, integrated photonic devices can be tailored in
both geometry at the nanoscale, and in magnitude of their tirder
susceptibility through modification of their material properties. In this talk,
we will discuss a variety of parametriominear optical demonstrations in

efficiency, high dmage threshold method for controlling ultrafast pulses.

9:20am NS+AN+EM+MN+MP+RWMIM5 SingleParticle Nanophotonics
and Materials Investigations with Optical Microresonator Spectrometers
Erik Horak University of WisconsinMadison K.D. Heylman, K.A. Knapper,
M.T. Rea, F. Pan, L.T. Hogan, R.H. Goldsiditlversity of Wisconsin
Madison INVITED
Optical microresonators have achieved impressensitivities in a range of
experimental modalities. We leverage the exquisite sensitivity of
microresonators to enable highly sensitive spectroscopic characterization
of objects on the surface of the resonator. In this way, not only can single
particles be detected and identified, but fundamental properties of
interrogated systems can be studied, opening a path to mechanistic studies
and labelfree chemical identification.

Our photothermalbased technique employs a tWmeam geometry. A
fiber-coupled (pribe) beam records the whisperirgallery mode (WGM)
resonance wavelength via evanescent coupling through a tapered fiber,
while a second frespace (pump) beam heats absorbing particles or
molecules on the surface of the microresonator, shifting the WGM
reonance. In essence we use the microresonator as a nearfield
thermometer to measure dissipated heat upon optical excitation. To
circumvent the photothermal background of the popular 8i® Si toroidal
resonators, we have developed an -8IQ microtoroidal resonator,
unlocking visible wavelengths to interrogation. We further employed a
doublemodulation technique through simultaneous PoubdeverHall
locking of the probe beam and amplitude modulation of the pump beam to
reach subl00 Hz or single attometeresonance shift resolution. This
corresponds to signals much smaller than that predicted from a single
molecule, and thus represents an avenue toward skmy&decule
absorption spectroscopy.

We demonstrate this technique by examining gold nanorods (AuMig}h
validate our experimental setup with nediffraction limited photothermal
maps, Lorentzian absorption spectra with stochastic center wavelengths,
and single dipole polarization dependences. Further, AuNRs in close
proximity to microresonator WGMs igplay signatures of photonic
plasmonic interactions, a forest of Fano resonances decorating the
plasmonic absorption feature. This platform offers a facile methodology to
study these complex interactions, with thermal annealing of the AuNRs
producing higly controllable tuning of Fano resonances. Applying our
platform to conductive polymers (CP), we have begun to understand the
fundamental properties that enable the high conductivity from a bottom
up nanoscale perspective. We examine the interplay between
homogeneous and heterogeneous broadening, measure the-ilange
ordering, and determine relative surface orientation of CPs. These
examples firmly demonstrate the utility of our platform to go beyond
sensing allowing exploration of novel characteristitscomplex systems
and potentially the observation of chemical and biochemical dynamics.

11:00am NS+AN+EM+MN+MP+RMIM10 Optomechanical Interactions
for Metrology and Signal Processingaren Grutter The Labratory for

siliconbased waveguides including optical parametric amplification and Physical Sciences INVITED
oscillation, phaseensitive amplification, and frequency conversion and |mprinting radiefrequency (RF) signals on optical carriers has a broad
comb generation. Furthermore, we will discuss these devices for a varietyrange of applications from metrology to communication and has been
of applications including optical signal processing, spectroscopy, andaccomplished in bulk components using a variety of techniques. Achieving
security. this functionality on a chip could broaden the potential application space,
but the bulk frequency generation methods do not translate directly to the
nanoscale. A number of methods have been proposed forclop
frequency generation, including various sources efectro-optic
modulation, comb generation via material nonlinearities in
microresonators, and optomechanical/optcoustic interactions. In this
etalk, we will discuss the features of these sources, with particular focus on
optomechanical interactions.

8:40am NS+AN+EM+MN+MP+RWMIM3 Ultrafast Optical Pulse Shaping
using Dielectric MetasurfacesAmit Agrawal, S. Divitt, W. Zhu, C. Ziian
H.J. Lezed\IST Center for Nanoscale Science and TechnologyNVITED
Since the invention of femtosecond pulsed lasers, the field of ultrafast
optical science and technology has seen significant progress in th
generation and characterization of ultrastho optical pulses.
Complimentary to development in generation and characterization
techniques, arbitrary temporal shaping of optical pulses has become anOnepotential phenomenon enabling optacoustic frequency generation is
integral part of the field. Fourietransform pulse shaping is the most stimulated Brillouin scattering (SBS), which is essentially an interaction
widely adopted approach that ngails parallel modulation of spatially —between propagating phonons and photons. This effect has been
separated frequency components to achieve the desired pulse shapedemonstrated in optical fibers, and recent resuits on-chip waveguides
Recently, dielectric metasurfaces have emerged as a powerful technologyphow promise. One of the challenges with SBS on chip is that gain is
for arbitrary control over the amplitude, phase, or polarization of lighain ~ dependent on long interaction lengths.

single, compact optical element. Here, we experimentally demonstrate This interaction can be enhanced by moving to a different domain of
shaping of sud0 fsec ultrafast optical pulses using a centimeteale phonon/photon interaction: cavity optomechanics. In antmpechanical
silicon metasurface acting as both amplitude and phase modulation maskcavity, the characteristics of the generated frequency are dependent on
Tuesday Morning, October 23, 2018 22 8:00 AM
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the mechanical eigenmode. We will demonstrate the relationship between
mechanical quality factor and phase noise in ring optomechanical
oscillators.

The optomechanical ietaction can be optimized beyond that of ring
resonators by further confining optical and mechanical modes using
photonic and phononic crystals. We have designed and fabricatdl Si

8:40am PC+AS+BI+NS+PB-AS#%3 An In situ Molecular-scale View of
Nucleation and Selassembly at Solidiquid Interfaces James De Yoreo
Pacific Northwest National Laboratory INVITED
Nucleation and seldssembly from solutions are sémal processes in the
formation of ordered structures ranging from simple inorganic crystals to
macromolecular matrices. Observations over the past fifteen years have

nanobeam optomechanical crystals with ~4 GHz mechanical breathingevealed a rich set of hierarchical nucleation pathways involving higher

modes. The increased optomechanical coupling of these nanobeams
confers high sensitivity to displacement, which could be exploited for
various metrology applications, which we will discuss.

Further enhancement of the optomechanical coupling can be achieved b
modifying the optomechanical crystal geometry to support an optical slot
mode. We have designed and fabricated ~3 @elguency sloimode
optomechanical crystals in 38k In addition to increasing the
optomechanical coupling compared to the singlnobeam evice, this
structure has increased versatility, enabling interaction with other stimuli
and modalities. We have integrated NEMS actuators with anstate
optomechanical crystal, and used these actuators to tune the optical mode
and lock it to an externalfixed laser wavelength. This increases the
practicality of this device, enabling longarm measurements and stabler
frequency sources.

11:40amNS+AN+EM+MN+MP+RMM12 Cold-atom based Sensors and

Standards Stephen EckelD.S. Brker, J.A. Fedchak, N.N. Klimov, E.

Norrgard, J. Scherschligtlational Institute of Standards and Technology
INVITED

In this talk, | will describe our recent efforts to merge nanophotonics, -ultra

high vacuum, and atomic physics together to build a newegation of

Y

order species naging from multiion clusters to dense liquid droplets, as
well as transient crystalline or amorphous phases. Despite their complexity,
a holistic framework for understanding partidbased pathways to
crystallization that extends classical concepts emergéen the coupled
effects of complexity of free energy landscapes and the impact of
dynamical factors that govern particle formation and interaction are
considered.Here | use a series of in situ TEM and AFM studies on inorganic,
organic, and macromoleculaystems to illustrate that framework via the
evolution in nucleation and growth processes as these complexities and
dynamical factors come into play. The results show that the introduction of
either sizedependent phase stability associated with the higirfaceto-
volume ratios of nanoparticles, or high driving force coupled with the
existence of metastable polymorphs leads to tatep pathways
characterized by the initial appearance of a bulk precursor phase. The
creation of micrestates, which represénlocal minima in free energy
stabilized by configurational factors associated with structural elements of
molecules, can also lead to hierarchical pathways, but the intermediates
are microscopic transient states that do not appear on a bulk phase
diagram. However, small changes in molecular structure can eliminate
these transient states, leading to a direct pathway of nucleation.Limitations
on molecular mobility, either through large barriers to changes in

cold atom sensors and standards. In particular, | will focus on our recentcoordination or conformation, reduced temperaturey introduction of

realization of a singeeam system for cooling lithium atoms, an atomic

ion-binding polymers, can freeze naguilibrium states into place for

species recently identified as an excellent candidate for a primary vacuunfynamical reasons. Analysis of sauifical cluster evolution and

standard. Our systemses a triangulashaped nanofabricated diffraction
grating to produce the necessary beams for a maggitcal trap that

subsequent nucleation shows that these dynamical constraints can lead to
density fluctuations in amrdance with classical descriptions even when

cools and slows the atoms. Unlike systems that use rubidium or cesiumnon-classical pathways dominate.The findings from these in situ studies
which can be loaded from a vapor, lithium introduces additiona Provide a common basis for understanding the development of order in

complications because it must be produce from a thermal source requiringSystems as diverse as simple salt crystals, branched semiconductor
loading of the magnetmptical trap from behind the chip. Finally, | will hanowires, and microbial membranes.

conclude by talking about other tr_ap geometries that we are pursuing, how 9:20am PC+AS+BI+NS+PBTE®5 NorHlinear Surface Spectroscopy at
_they benefit vacuum _and _|nert|a‘5ensors, and_ what _the synergy of the Aerosol Particle/Gas InterfageGeiger,Ariana Gray BeNorthwestern
|ntegrated nanophotonics, highacuum and atomic physics might be able University INVITED

o bring. While the interface of the aerosol gas and particle phase is the first entity
encountered by incoming gas phase species, accessing it withdpauific
methods has been hindered due to a lack of tools that can operate under
ambiert pressure and temperature conditions. Here, we overcome this
hurdle by using nonlinear optics and demonstrate the utility of vibrational
sum frequency and second harmonic generation for probing the surfaces of
sea spray aerosol, secondary organic aeraand, anthropogenic influence

on them. By following the heterogeneous physical and chemical processes
that drive gado-particle conversion, aerosol formation, their
transformations and phase transitions, and reactivity, we provide the
molecular origin focloud activation.

Processing and Characterization of Aiiquid, SolidLiquid
and AirSolid Interfaces Focus Topic
Room 202A Session PC+AS+BI+NS+PBRSS

Sold-Liquid and Gad.iquid Interfacial Processes and

Characterization
Moderators: Stephen Nonnenmann University of Massachusetts
Ambherst,Juan YapPacific Northwest National Laboratory

11:00am PC+AS+BI+NS+PB-3#8110 The Influence of Electrochemical
Potential and Water Vapor on lonic Liquid Binding Energy Shifts Examined
California San Diegd. Yang\niversity of California at San DiegblVITED by ARXPSMeng Jia Unversity of DelawareA. Broderick, J.T. Newberg,
Electrochemical eneyg storage devices, such as-idn batteries and  University of Delaware

electrochemical capacitors, have seen little change in their electrolyte lonic liquids (ILs) have relatively high electrochemical and thermal stability,
chemistry since their commercialization. These liquid electrolytes often good conductivity and low volatility, makjrthem inherentlyégreener and
limit the energy density and lowemperature operation of thes devices, safe€ compared to the conventional electrolytes. The application of ILs in
which hinder many potential applications. Our work uses electrolytes the field of electrochemistry has identified many opportunities for their use
based on solvent systems which are typically gaseous under standards electrolytes in electrochemical devices. Due to the ubiquity of maxtel
conditions and show excellent performance in electrochemical energy the hydrophilic nature of ILs, water can either be unintentionally present or
storage devices. It has demonstrated ththese novel solvents have oOften intentionally added to alter IL properties including density, viscosity,
superior physical and chemical properties which are attributed to excellent friction, and electrochemical window. Ambient pressure-ray
performance over an extended temperature range and a wide potential photoelectron spectroscopy (ARPS) is sensitive to both the chemical and
window of stability with unique safety features. The use of fluoromethane electrical states of materials, which makes it an ideal method for studying
as solvenfor lithium batteries shows excellent latemperature operation surface potentials in electrochemical devices. In this work we examine the
down to-60 °C with high capacity retention. The liquefied gas electrolytes IL-gas interface of -butyl-3-methylimidazolium acetate, [BMINDAC],
also show a high coulombic efficiency for cycling dendrite lithium deposited on an Au foil via ARPS as function of electrochemical potential
metal anodes. and surrounding water vapor pressure. The electrochemically induced
binding energy shiftskBEKE) of carbon, nitrogen, and oxygen species of
the IL were analyzed. Resultsveal that in the absence of water vapor
there is an ohmic drop between the electrodle interface and the L
vacuum interface, giving rise to BEKE value of less than one. Upon
introducing water vapor, forming an IL/water mixture, theBEKE

8:00 AM

8:00am PC+AS+BI+NS+PB-AS®1 Liquefied Gas Electrolytes for
Electrochemical Energy Storage Devic&s Shirley MengUniversity of
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approachesa value of one as a function of increasing pressure. We Xray spectroscopprovides a local probe of a sam@eelectronic structure
attribute this behavior to a decrease in the ohmic drop as the IL/water with elemental and sitespecificity and is thus ideally suited for probing
mixture becomes more conductive. These results suggest that thesolvation. Since -¥ays can probe surfaces, interfaces and bulk, and more
electrochemical potential of the dgas interface is influencedy both an important penetrate matter, it provides for intevgation of buried and
external bias and by varying the surrounding relative humidity. The same isonfined spaces. Here | will describe a new approach, Velocity Map Imaging
likely true for the Itelectrode interface where water is known to be X-Ray Photoelectron Spectroscopy coupled to nanoparticle béahat
present. allows for the visualization of dynamic processes in solvation and molecular
growth processes. | will describe @ mplementation on aqueous arginine
aerosols, where by varying the pH of the constituent solution, evidence is
provided that the guanidinium groups are protonated even in a very basic
solution (pH 13§. A molecular level picture fohow charge and proton

. ; S ) A ] transport in aqueous solutions of arginine occur emerges by analyzing the
Inst!tute of Phys_|cs, Acade_mla_ S_|n|ca,_ Taiwan, Repubhc of;O-Imﬁa Ko, energy shifts on the C and Nr&§ photoelectron spectra. | will conclude by
Institute of Physis, Academia Sinica, Taiwan, Republic of China suggesting new approaches to probe gas liquid interactions and chemistry

The saturation concentrations of nitrogen and oxygen in water under yith xRay spectroscopy and microfluidic devices allowing access to liquids
ambient conditions are very small (~10 ppm), thus their roles have beenj, yacuunt

largely ignored. Using advanced atomic force microscopy, we study the .
evolution of gascontaining structures at graphite/water interfaces at room [1] T. Stein, B. Bandyopadhyay, T.P. Troy, Y. Fang, O. Kostko, M. Ahmed, M.
HeadGordon, PNAS (2017), DOI 10.1073/pnas.1616464114

temperature. Our study indicates that gas (mainly nitrogen and oxygen)
molecules dissolved in water tend to adsorb onto hydrophobic/water [2] O. Kostko, B. Xu, M.l Jacobs, M. AhmedChlem. Phys. DOL
interfaces [1]. In gasndersaturated waterwe observe gradual nucleation 10.1063/1.4982822

and growth of small twalimensional (2D) ordered domains over time on [3] B. Xu, M.Il. Jacobs, O. Kostko, M. Ahmed, Chem. Phys. Chem. DOI
graphite surfaces [2]. The ordered structures may eventually cover the1p.1002/cphc.201700197

entire interface. When water is gasipersaturated or when fresh DI water .

is briefly heated, we observe ceghaped fluid nanostructures in addition to [24—th YSO’ JD L:gl’ d);bf:r:yt YV(Z hc:(uli S-pﬁy’:ungh)émMabEefé;;gy' I\S.O?hmed, z
the ordered domains [3]. The cahaped nanostructures are the -salled 10 1'039)(:76'303754': ’ ' ’ ’ ’ '
interfacial nanobubbles (INBs) or surface nanobubbles, whose nature,” "
stability, and formation remain controversidlvhen water is slightly gas
supersaturated, we see evolution of the fldide structures. The fluid . .
phase first appears as a circular wetting layer ~0.3 nm in thickness and isUrface Science Division

later transformed into a caghaped INB [4]. 2D ordered domains are Room 203G Session SS+HC+NS-HRIM
nucleated ad grow over time outside or at the perimeter of the fluid
regions, eventually confining growth of the fluid regions to the vertical
direction. We determined that INBs and the fluid layers have very similar
mechanical properties, suggesting low interfat@ision with water and a

liquic-like nature. 8:00amSS+HC+NS+F8M1Bond Making and Bond Breaking at Wet and
Our study suggests that, in gasdersaturated water, dissolved gas Dry SurfacesAngelos MichaelidesUniversity College London, UKVITED
molecules may mainly be in the dispersed monomer form. Their The making and breaking of chemical bonds at the surfaces of crystalline
rearrangement with water molecules at hydrophobic/water interface may materids is key to an almost endless list of physical phenomena and
lead to gradual nucleation and growth of the ordered damsa In gas technological processes. Increasingly computer simulation techniques are
supersaturated water, some dissolved gas molecules are well dispersed iplaying an important role in helping to understand such processes, acting
water, but others may aggregate into clusters. Adsorption of gas clustersas a complement and guide to experiments. lis ttalk | will discuss recent
leads to the formation of circular fluid layers at the graphite/water simulation work in which we are working at: (i) obtaining fundamental
interface. The work clearlghows the crucial role of gas molecules at physical insight of chemical reactions at the surfaces of transition metal
hydrophobic/water interfaces and has broad implications in diverse alloys; and (ii) understanding and improving the accuracy of electronic

11:20am PC+AS+BI+NS+PB-f8®11 Role of Air Gas at the Interface
between Water and Graplte Surfaces Ing-Shouh Hwang Institute of
Physics, Academia Sinica, Taiwan, Republic of GQbi#Wa Yang, C.K. Fang,
Institute of Physics, Academia Sinica,Taiwan, Republic of ;ChiHa Lu,

Controlling Mechanisms of Surface Chemical Reactions
Moderators: Bruce D. KayPacific Northwest National Laboratodrthur
Utz, Tufts University

research fields. structuresimulations of surface chemical processes.

(1] H-C. Ko, WH. Hsu, GW. Yang, K. Fang, Y. Lu, tS. Hwang,  g.40amsSS+HC+NS+F8M3Stability and Reactivity of Isolated Ritoms
LangmuiB2, 11164 (2016) on FeOs(001) Gareth ParkinsonTU Wien, Austria

[2] Y-H. Lu, GW. Yang, and-5. Hwangl.angmuig8, 12691 (2012). In this talk | will address the thermal andechical stability of Rh adatoms
[3] Y-H. Lu, GW. Yang , &. Fang, HC. Ko, S. HwangSci. Red, 7189 adsorbed on F#4(001), and discuss the reactivity of these species with a
(2014). view to singleatom catalysis. Using a combination of ators@ale imaging,

spectroscopies and DfbBsed calculations, | will show that Rh adatoms
adorb in a bulkcontinuation cation site at room temperature on
FeOs(001), where they remain stable upon CO adsorption and can catalyze
11:40am PC+AS+BI+NS+PB-I%8112 Probing Qlster and Nanoparticle CO oxidation via a reaction with the support at 500 K. However, at this
Growth Processes with -Ray Spectroscopy and Mass Spectrometry temperature Rh begins to incorporate within thepport lattice, and the
Musahid Ahmed O. Kostko,Lawrence Berkeley National Laboratory higher coordination environment significantly modifies the reactivity. In

INVITED addition, | will show that Rh1 species efficiently dissociate water, leading to
Tunablesynchrotron radiation (VUV and3ys) provides a universal, yet H spillover of H onto the support, and that Rh1 diffusion is induced upon
selective scalpel to decipher molecular information in complex chemical@dsaption of G and NO.

systgms when COUp_IEd_ to mass spectrometry ardlay spgctroscopy. This 9:00amSS+HC+NS+F8M4 The Mechanism of Glaser Coupling Reactions
provides pro_found |n5|gh_t into molecular growthechanisms, §°|Vat'0n on Ag(111) and Cu(111) Surfaces: a Case for Halogen Substituted Terminal
and electronic structure in clusters, complexes and nanoparticles. In theAIkyneT Wang, H.F. Lv, L. Feng, J.M. Huang, X.UNersity of Science
first part, | will describe how single photon ionization mass spectrometry - ¢ Technolog3’/ of China]unfa ’Zhu Nationa] SynchrotronRadiation

maﬁ_ bedapp_llr?d tg) m_olecular beamls o Erobe mg_lﬁcular grqwt_h that ('js Laboratory and Department of Chemical Physics, University of Science and
mediated either by ion or neutral pathways. e association an Technology of China

dissociation pathways in acetylene clusters where bonding can chang .
from van der Waals to covalent upon ionization leading to the formation OerIIman and G'Iaser ho . c:upllngs are the two most wetleveloped on
surface coupling reactions, which have been successfully employed to

benzene will be described! will follow up with very recent mults on - . . . .
. o L . o fabricate onedimensional and twalimensional nanostructures on metal
association of water withchydrophobi€ naphthalene & éhydrophilic ) ) .
. . .. surfaces. The mechanism towards surfaoafined Ullman coupling has
glycerol where subtle non covalent interactions can lead to surprising . ) :
. . . .~ been wellestablished. However, the mechanism of surfacafined Glaser
results in electronic structure and its effect on the hydrogen bonding . ) )
coupling has been poorly understood. In this presentatiwn, report our
network of water. . ) ) .
recent studies on the surfaeeonfined Glaser coupling reactions on
Ag(111) and Cu(111) using @hiphenyl,4bromo-4Qethynyl (BPBE) as the
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precursor molecule. By direct observations of alkyhgialkynyl and identified the adsorption configurations of methanol on the planar ZnO
alkynytCualkynyl type organontallic intermediates on Ag(111) and surface and at the step sites, as well as the reaction pathways to gaseous
Cu(111), respectively, we have proposed a reaction pathway initiated byformaldehyde. The most stable adsorption configuration was found to be a
singlemolecule dehydrogenation, similar as the mechanism ckorface methanol molecule adsorbed at the bilayetlayer step sites with its ©
Ullman coupling. The reaction processes were further explored by densityaxis parallel to the upper terrace edge, forming a bond between its O atom
functional theory based transition state calculations. Interestingly, the and a Zn site on the lower terrace, and also a hydrogen bond between its H
dehydrogenation of terminal alkyne is revealed as a H adatlated atom in the OH group and a lattice O anion at the upper terrace edge.
process on Ag(111) while a Cu adatmetated process on Cu(111). After Starting fran the most stable adsorption configuration at the step sites,
the release of interstitial metal adatoms irthe organometallic formation of gaseous formaldehyde was shown to take place preferentially
intermediates, the final € coupling occurs easily on Ag(111), but shows via a methoxy ( G&(ad)) intermediate, following the pathways {£CHi(ad)
extremely low efficiency on Cu(111) due to the too strong interaction ) CHO(ad) + H(ad)bh CHO(g) + 2H(ad) with an exall barrier of 19.0
between ethynylene and the Cu(111) substrate. In addition, we havekcal/mol. Formation of CQwas kinetically hindered due to a much larger
demonstrated that Glasereaction of the molecule is prior to Ullman barrier of ~ 38 kcal/mol to produce a lattice-i®@nded formaldehyde
reaction on Ag(111), which provides a promising approach of stepwise(H.COQuice(ad)), the proposed precursor leading to 2LOThese
fabrication of sghybrid nanostructuresThis work is supported by the computational results suggésg the preference to produce gaseous
National Natural Science Foundation of China (21773222, 21473178) antbrmaldehyde from methanol oxidation at the step sites agreed well with
the National Key R&D Program of China (2017YFA0403402). the high selectivity toward formaldehyde observed in the TPRS

. o experiments.
9:20am SS+HC+NS+F8M5 Sulfurdriven Switching of the Ullmann

Coupling on Au(111)Jonathan RodguezFerrandez S.B. Schmidt, J.V. 11:00amSS+HC+NS+F8M10 Investigation of Configuration Change in
Lauritsen Aarhus University, Denmark Water Clusters on a Bilayer ZnO Surfadeinseok LeeD.C. Sorescu, X.
Ullmann coupling reaction has been attracted great interest in the last Deng,National Energy Technology Laboratory

decades due to the advantage to build-2D nanostructures from bottom Adsorption of water on the meostructured metal oxide surfaces has
up fabricdion like graphene nanoribbons, polymer, etc[1]. This reaction, it implications in catalysis and serves as a prototypical system in studying
is used to generated covalent molecular linked coupling, ®y different water-oxide interfaces. In many cases, the water molecules form hydrogen
halogen molecule precursors. The reaction is activated by the substratebonded clusters or extended networks on surfaces. On a bilayer
where the precursors will be dehalogendteThus, the substrate plays an ZnO/Au(1l1) surface, two types of cyclic triangular water clusters are
important role in the success of the reactions. There are several challengespound to be formed at a specific Moire domain. By using scanning tunneling
one of them is the scalingp production of high quality nanostructures, microscopy (STM) and density functional theory (DFT) calculations, the
where defects or cadsorbates can reduced the success of this process. | behavior of the water clusters on the bilayer@ surface have been further
has been reported two cases, where the Ullmann coupling reaction areinterrogated. The configurations of the two types of cyclic water clusters
partially inhibited[2,3]. Here, we reported for the first time the reactivation can be converted to each other by the excitation from the STM tip at a
of the reaction after inhibited on Au(111) by molecular gases[4]. threshold energy. In addition, another pathway for the cluster
In this work we describe a variable temperature Scanning tunneling configuration chage was identified at a higher electron energy where the

microscopy (VABTM) study that allows us to identify the switch on and off cyclic water clusters could be turned into noyclic clusters reversibly. The
of the Ullmann coupling reaction of this molecule (2,8 physical origin of the configuration changes will be discussed.

Dibromodibenzothiophene) on Au(111). After low temperatdeposition 11:20amSS+HC+NS+F8M11 Oxygen Reduction Reaction on Ifarene,

on pristine Au(111), the results show that surprisingly Ulimann coupling yosyke KikuchiJ.N. NakamuraThe University of Electr@ommunications
mechanism happen even at 100 K. We speculate that the modification Of(UEGI'okyo) Japan

the herringbone reconstruction due to the strong interaction between S
and Au atoms can facilitate thkfting of the Au adatoms inducing the
reaction even at low temperature. On the other hand, when we firstly dose
sulfur atoms on the pristine gold crystal bySHvapor and subsequently

It has been reported that nitrogedoped graphene exhibits high oxygen
reduction reaction (ORR) activity, while pristine graphene does not [1]. This
is because that dopeditrogen atoms provide extra electrons to graphene,

. . ; leading to the stabilization of the reaction intermediates on graphene
depositing DBDBT molecules, the Ullmann coupling reaction has bee%urface. On the other hand, iuvature can be given to graphene, the
conp!etely inhibi_ted_ due to the formation of -Bu complexes, which is chemical bond nature betweyen carbon atoms varies from pu?eta;;s;;?-
blocking the activation of the reaction due to the gold adatoms on the like sp, and then the reactivity of graphene surface is expected to increase.

Lerrace an(: Zteged_lges artg Inpth%ytqllable. gxsprgsmm and IOd'nf‘_ altoms In this study, we evaluated the ORR activity of fullerene as an example of
ave reported similar partial inhibition on and copper, respectively. .o oo e rials with a curvature.

However, we are able to reactivate the reaction by removing the sulfur . ) o o o
atoms from the substrate by exposing the sample to(g#s). STM images We mv_estlgated the ORR act|V|ty'of fuller_eneo)((msmg firstprinciples _
show again the Ullmann coupling reaction has been switched on. Thicalculations based on the density functional theory. Electrocatalytic
result shows theimportant of coadsorbates on the substrate and also activities were evaluated on the basis of the computational hydrogen
emphasizes the strong interaction between substrate adatoms (terraces€ectrode model proposed by diskov et al [3] We evaluated the
and step edges) and the molecule precursors during the dehalogenatior€nergetics of reaction intermediates in terms of freeergy of adsorption.
reaction. In general, the ORR mainly proceeds in two pathways: For thelwairon

. pathway (2&), oxygen molecule (P is reduced to hydrogen peroxide
[1]M. Lackinger, Chem. Commun. 53 (2017) 78385. (H02), and for the direct fouelectron pathway (49, the final product is
[2]A. R. Lahrood, et. al. Chem. Commun. 51 (2015) $33804. water (HO). HO: for the 2¢ pathway might corrode a carbeapased
[3]B. Cirera, J. &ik, R. Otero, J.M. Gallego, R. Miranda, D. Ecija, J. Phy<£lectrocatalyst material itself, causing to low durability. Therefore, we also
Chem. C. 121 (2017) 8068841. played up the selectivity for the 4pathway.
[4]J. RodrigueEernandez, S.B. Schmidt, J.V. Lauritsen, Chem. Commun. 54 was found that the fullerene molecule has ORR activity with extremely
(2018) 36213624. high selectivity for the fourelectron pathway, even if the nitrogen atom is

not doped. On the other hand, nitrogedoped fullerene hardly shows the

9:40am SS+HC+NS+F8M6 The Step Sites of Ultrathin ZnO Promote ORR activity, because the reaction intermediates are overstabilized by
Methanol Oxidation to FormaldehydeXingyi Deng D.C. Sorescu, J. Lee, nitrogendoping to fullerene; the maximmu electrode potentials show
National Energy Technology Laboratory negative values for both the direct foelectron and tweelectron
We investigated the adsorption and oxidation of methanol on ultrathin ZnO pathways.
layers supported on Au(111) .using temperature programmed F'mmnc 1] K. R. Lee, K. U. Lee, J. W. Lee, B. T. Ahn, S. I. Woo, Electrochem.
spectroscopy (TPRS) and density functional theory (DFT) calculations. In the) 12, 1052 (2010)
TPRS experiments, we found that only molecular meth&i@ldesorbed . .
from the planar ZnO bilayer surface at T = 220 K and 260 K following?l S- Ni. Z. Li, J. Yang, Nanoscale, 4, 1184 (2012)
adsorption of methanet®0 at T = 10 K, whereas a partial oxidation [3] J. K. Krskov, J. Rossmeisl, A. Logadottir, L. Lindgvist, J. Phys. Chem. B
product, formaldehydeé®O (~95% selectivity), and a small amount of 108, 17886 (2004)
carbon dioxide (£0'%0) were produced at T = 580 K at the bilatygayer
step sites. Computational modeling based on the DFT calculations
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11:40amSS+HC+NS+P8M12 Surface Structure and Reactivity of 4Qiu
SingleAtom Alloys Dipna Pate] E.C.H. SykeBuyfts University

Ni is one of the most extensively used industrial catalytic metals. Utilized
for steam reforming of hydrocarbons, Ni atom ensembles detrimentally
catalyze the formation of graphitic carbon which leads doking and
deactivation of the catalyst. By alloying Ni into Cu, a catalytically less active
host metal, our singlatom alloy approach has the potential to greatly
enhance catalytic selectivity and reduce poisoning, analogous to other
systems such as fu and P€Cu. First, we report characterization of the
atomicscale surface structure and local geometry of low coverages of Ni
deposited on a Cu(111) single crystal, using scanning tunneling microscopy.
Near room temperature, Ni preferentially alloys anthe Cu host by
forming Ni rich brims along ascending step edges. Next, temperature
programmed desorption studies reveal that CO binds more weakly to single
Ni atoms in Cu compared to larger Ni ensembles in Ni(111) which is
promising for catalytic applit@ns in which CO poisoning is an issue. This
characterization of NCu surface alloys the catalytic activity and selectivity
of the surface to be correlated with the atorsscale structure of the alloy.
Using this approach, the catalytic selectivity ardilience to poisoning can

be tuned via both ligand and ensemble effects.

12:00pm SS+HC+NS+F8M13 Effective Local Structure for Bottorap
Designed ORR Catalyst Using Pyridinic Nitrogen Containing Molecules
Kotarou TakeyaspY. Shimoyama, M. Furukawa, S. Singh, J. Nakamura,
University of Tsukuba, Japan

Nitrogen containing carbon materials have been reported to be-dogt

and durable catalysts for reactions such as an oxygen reduction reaction
(O + 4H + 4e TH2H:0, ORR) in fuel cells. Among several types of nitrogen
species in carbon materials, pyridinidragen (nitrogen atom bound to

two C atoms) was found to create ORR active sites in our previous work [1].
Recently, we also have shown that the active site is superseded by pyridinic
nitrogen-containing aromatic molecules covering a carbon substrate with
high density [2]. That is, bottomp catalysts composed of pyridinic
nitrogencontaining molecules and carbon supports. In the present study,
we aim to investigate which local structure for pyridinic nitrogen in a
molecule strongly contributes to the ORRtigities and to clarify the
mechanism.

For this purpose, various nitrogemntaining molecules were prepared,
which were 1,1phenanthroline, 4,7phenanthroline, 1,7phenanthroline,
benzo[h]quinoline, phenanthridine, acridine, phenazine, quinoxaline, and
dipyridophenazine. The bottomp catalysts were prepared by simply
immersing carbon black (CB) as a support material into a catalyst solution
with solvent of nafion. The catalytic performances for oxygen reduction
reactions (ORR) of the prepared catalystre measured by rotating disc
method in acidic electrolyte (0.1 M.8Q) at a room temperature. The
prepared catalysts were also evaluated byra}X photoemission
spectroscopy (XPS) and density functional calculations.

Among the molecules, 1,3ghenanthroline, quinoxaline, and
dipyridophenazine on CB showed highest activities, whose onset potentials
(potentials versus RHE at a current density of 10 mA) emere 0.29 V, 0.28

V, and 0.21 V, respectively. This tendency gssted that an 1,10
phenanthroline type local structure showed high ORR activities because
quinoxaline and dipyridophenazine also contains the same local structure.
XPS spectra after the superimposed voltage of 0.2 eV in an ORR condition
for 1,10phenantholine showed two peaks corresponding to pyridinium N
and pyridinic N. This also suggested thaHXN structure promoted the
following ORR reaction. The detail of the effect of the local electronic
structure in the adsorbed molecules will be discussed.

Refgences

[1] D. Guo, R. Shibuya, C. Akiba, S. Saji, T. Kondo, J. Nakamura, Science,
2016, 351, 36B65.

[2] R. Shibuya, T. Kondo, J. Nakamura, ChemCatChem, 2018
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2:20pm2D+EM+MI+MN+NSuA1Spin Relaxation and Proximity Effect in
WS/Graphene/Fluorographene No#ocal Spin ValvesAdam Friedman
Laboratory for Physical Scieng&M. McCreary, J.T. Robinson, O.M.J. van
't Erve, B.T. JonkddS Naval Researchbomatory

The mechanisms leading to spin relaxation in graphene and
heterostructures continue to be debated. Control of the spin relaxation in

graphenebased structures is necessary to achieve the envisioned utility of

graphene in future spintronic desés beyond Moor@ law. Proximity
induced spin relaxation caused by contact to a high -spiit material,
such as W offers a promising avenue to manipulate the spin lifetime [1].
We demonstrate the operation of WS8raphene/fluorographene notocal
spin valves and extract the spin lifetimes for a range of carrier
concentrations by Hanle effect measurements. Fmuminal charge
transport measurements allow us to calculate the momentum relaxation
time as a function of carrier concentration and compardoitthe spin

lifetime. These data show that the§akonovPeref2mechanism is the
dominant spin relaxation mechanism for
WSJ/graphene/fluorographenedevices, while, for reference

its

October 23, 2018

pinchoff characteristics are typically limited by leakagurrents often
thought to occur at the physical sample edges [4].

Here we demonstrate that electrostatically tunable barriers can be
fabricated on bilayer graphene devices with graphite as a back gate. We
measure pinckoff resistances exceeding GOhms astiserve quantized
conduction plateaus for ondimensional constrictions. [5] With suitable
gate arrangements few carrier hole and electron quantum dots can be
electrostatically defined. We measure the controlled occupation of
guantum dots with single hoteand electrons. Fotld level bunching is
observed in Coulomb blockade spectroscopy which is understood in terms
of valley and spin states. Magnetic field dependence allows to investigate
orbital and spin/valley degrees of freedom.

We further demonstra¢ quantum devices build on MoS2.

1. For a review see Bischoff et al., Applied Physics Reviews 2, 031301 (2015)
2. Oostinga et al., Nat. Materials 7, 151 (2007)

3. Allen et al., Nat. Comm. 3, 934 (2012)

4. [https://www.nature.com/articles/ncomms14552#autt] et al.,, Nat.
Comm. 8, 14552 (2017)

5. Overweg et al.,
[https://arxiv.org/abs/1709.00870]

[https://arxiv.org/abs/1707.09282],

4:20pm 2D+EM+MI+MN+NFuA7 GaN Microdisk Ligheémitting Diode

graphene/fluorographene devices, linear scaling between the spin andDisplay Fabricated on Graphen&oungbin TchogK. Chung, K. Lee, M.S.

momentum lifetimes points to spidlip scattering during strong elastic
scattering events where the scattering event is strongly coupled to the
electron spin. We attribute the change in spin relaxation type in part with
the inclusion of Wgas a substrate to proxiity induced spirorbit coupling
due to the adjacent WSayer, and we compare our data to the literature.

[1] A.L. Friedman, et al. Carbon 131;283(2018).

2:40pm 2D+EM+MI+MN+NSuA2 Two-dimensional Fieleeffect Light
Emitting TransistorsJunyoung KwonH. Ryuyonsei University, Republic
of Korea J.Y. Lee, C.H. L&&rea University, Republic of Korea.H. Lee,
Yonsei University, Republic of Korea

Two dimensional (2D) materials and their heterostructures hold great
promises in various applications due to their unique properties and newly
discoveed physics. Especially, high exciton binding energy and emergenc
of charged excitong,e. trions, have shown that 2D semiconductors, such

Song, J.B. Park, H. Kim, J.Y. ParC.G(i,Seoul National University,
Republic of Korea

Microdisplay with high resolution, brightness, and efficiency with {@rgn
stability and reliability are highly required for advanced display
technologies. Inorganic semiconductors LEDs best suits this purpose
because they can emit very high densityight from a small area and they
have very high efficiency and lotgrm stability. To use inorganic LEDs for
display applications, various Hfff and transfer techniques of inorganic
thin films grown on single crystal substrates, such as sapphire we&s,
developed. However, achieving display devices using inorganic
semiconductor thin films is still very challenging because of the limited size
and high manufacturing cost of the single crystal substrates, as well as the
complicated processes requiredrftift-off and assembly. To resolve this
@roblem, growths of inorganic semiconductor nanostructures and thin
films on graphene substrates have recently been proposed, since graphene

as transition metal dichalcogenides (TMDs), are promising candidates fohas great scalability and extremely thin layered hexagonal lattice streictu

new concept optoelectronics. Although lotsf optoelectronic devices
based on the van der Waals heterostructures of 2D materials, such a:
photodetectors, solar cells, and light emitting devices, have been
demonstrated, development of novel optoelectronic devices is still
required to fully utilizeunique properties of 2D materials and enable multi
functions and versatile applications. Here we demonstrate 2D-&féett
light emitting transistors (2BFELET) consisting of monolayer Wght-
emitting channel layer) and graphene contacts (tunableiea injection
electrodes). We encapsulated monolayer WSeith two pieces of

as an excellent substrate for GaN growth. Moreover, the inorganic
$emiconductors prepared on larggea graphene can be transferred easily

to or grown on elastic substrates to meet the flexibility demand. Here, we
suggest a method of fabricating ultrath highresolution inorganic
microdisplay based on individually addressable GaN microdisk LED arrays
grown on graphene dots.

Here, we report on the fabrication and EL characteristics of ultrathin and
individually addressable GaN microdisk LED arrays goovgraphene dots
for microdisplay applications. GaN microdisks were prepared by epitaxial

hexagonal boron nitride and fabricated graphene contacts to two ends of lateral overgrowth on patterned graphene microdots on FDsubstrates

WSe. To selectively inject different types of charge (electrons and holes) at

two graphene contacts, twseparate top gates on top of Wsgraphene
overlap regions were fabricated. By independent modulation of two top
gates, Schottky barrier heights for electrons and holes can be tuned, whic
enables the selective charge injections. When two top gates apesifely
biased, electrons can be injected from one end of WHannel and holes

using MOVPE. After preparing the GaN microdisk arrpyGaN and
InGaN/GaN multiple quantum well, and n-GaN layers were
heteroepitaxially grown on the surface of the GaN microdisks. Ultrathin
r]ayers composed of GaN microdisk LED arrays on graphene dot were
prepared by coating a polyimide layer and liftiofj the entire layers from

the substrate.Then, singlevalled carbon nanotubes (SWCNTs)/Ni/Au and

can be injected from the other end. These opposite charges aregycnTs/Ti/Au multiple electrode lines were formed on the top and

recombined at the middle of Wgechannel, leading to strong light
emission. The performance of the HELETs itunable by additional

electrical field from back gate. Furthermore, the devices produced in this

work can be used as polartynable FETs and photodetectors,
simultaneously, which are beneficial for further CMOS integration. Our
study shows great poterdl of 2DFELETs toward future optoelectronic
applications, which request ultstninness, transparency, flexibility, high
efficiency, multifunctions, and high integration.

3:00pm2D+EM+MI+MN+NFuA3Quantum Devices with 2D Materiali.
Overweg, M. Eich, R. Pisoni, fin,IP. Rickhau&TH Zurich, Switzerland
Klaus EnsslirETH drich, Switzerland INVITED

bottom surface of GaN microdisk arrays in an aligned manner and crossing
each other. The electrical and optical characteristics of itigividually
addressable GaN microdisk array on graphene dots were investigated by
measuring theirl¢V curves and EL characteristics at various bending
conditions. We also confirmed that the ultrathin miek&D display worked
reliably under flexible contions and continuous operation mode.

4:40pm 2D+EM+MI+MN+NSuA8 Room Temperature Magnetron
Sputtering and Laser Annealing of Ultrathin Mp®r Transistor Device
Fabrication on Flexible Polymer Substratdenjamin SirotaUniversity of
North Texas N.R. GlavinAir Force Research Laboratpi@. Arnold, A.A.
VVoevodinUniversity of North Teas

Quantum dots in graphene have been mostly realized by etching. This IeadgJulsed magnetron sputtering and subsequent laser annealing provide

to localized states at the uncontrolled edges dominating the transport
properties of these gantum devices. [1] It is well known that in bilayer

graphene gaps can be opened by vertical electrical fields. [2] This approac

technologically attractive scalable route for producing tdimensional
élZD) semiconducting grade Mo$naterials directly on the surface of
exible polymer substrates. In this study th@m temperature magnetron

has been used with limited success to define quantum devices [3]. Thesputtering was used to deposit 10 nm thick, amorphous Mii8is on
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flexible PDMS as well as rigid $8D substrates. This was followed by 248 6:00pm2D+EM+MI+MN+NSuAl2Enhanced lonic Sensitivity in Solution
nm pulsed laser annealing to produce polycrystallineN2b% over large Gated Graphenddexagonal Boron Nitride Heterostructure Fieleffect
areas. Ramaand XPS analysis confirmed that pulsed laser annealing withTransistors A.D. RadadiaNowzesh HasanB. Hou, A.L. Mooré&ouisiana
about 1 mJ/cr energy density had induced film crystallization from Tech University

amorphous to hexagonal, while preserving MaBemical composition,  The charge transport in solutiegated graphene devices is affected by the
and avoiding formation of oxide phases or damage to thegderature- impurities and disorder of the underlying dielectric interface and its
sensitive polymer surface. Electrical measurements confirmed an order ofinteraction with the solution. This paper reports advancement in field
magnitude improvement in electrical conductivity of the laser annealed effect ion sensing by fabricating a dietric isomorph, hexagonal boron
films as compared to amorphous MoSopgated field effect transistor  nitride between graphene and silicon dioxide of a solutiated graphene
(FET) devices with laser annehlsputter grown Mo were directly  field effect transistor. lonic sensitivity of Dirac voltage as highl28
fabricated on PDMS surfaces. Oxygen substitution of sulfur in sputtermv/decade for Kand-110 mV/decade for Cawere recorded. Increased

deposited Mogand polycrystallinity of the laser annealed -B#S films transconductance due to increased charge carrier mobility was
resulted in low mobility values when compared to mechanically exfoliated accompanied with larger ionic sensitivity of the transconductance due to
and demical vapor deposition grown singgeystal 2D MoS However, the larger ionic sensitivity of the charge carrier mobility. These findings define a

described approach is intrinsically scalable and provides a direct growthstandard to construct future graphene des& for biosensing and
route for the fabrication of 2D transition metal dichalcogenide bioelectronics applications.
semiconducting devices on the surface of flexiid atretchable polymers.

5:00pm 2D+EM+MI+MN+NSuA9 Black Phosphorus: Fundamental . . .

Properties and Emerging Applicationslan Wang University of Southern Biomaterial Interfaces Division

California INVITED  Room 101B Session BI+AS+IPF+N$A

In this t‘alk, | will discuss our recent_ vikan d_eveloping_ novel electronic and loT Session: Biofabrication, Bioanalytics, Biosensors and

photonic devices based on the anisotropic properties of black phosphorus__. .

(BP) and its isoelectronic materials such as the monochalcogenides oPiagnostics o ) ) )

Group IV elements. High mobility, narrow gap BP thin film (0.3 eV in bulkModerators: Graham LeggettUniversity of Sheffield, URpbias Winer,

fill the energy space between zegap graphene and larggap TMDCs, ~ Aarhus University, Denmark

making it a promising material for midfrared and long wavelength — 5.50nmB|+AS+HPF+NRIALFunctionalization of Silica Materialsia Click

infrared optoelectronics. Most importantly, |F§ anisotropic nature within Reaction of Surface Silanol Groups with Vinyl SulfonBang ChengH.

the plahe of the Iaye‘rs allqw for the reallm_of conceptually new _ Wang, W. He, B. Sun, J. Qajian University of Technology, China

electronic z_and photonic devices. Here,_l will f|r;t present our work in Silicabased materials are widely used in the fields of catalysis,

understanding the fundamental electronic and optl_cal properties of black chromatography, biomaterials, biosensing and drug delivery due to their

phosphorus Susmg a ne_wly dde\;]elop:ed‘ scanning  ultrafast elec(:)tron earth abundance and low cost. Success of these applications mostly relies

?;gﬁfctﬂzys(tuga\gf) tb?nlgmz art]unipn Oti(; ulrgn;nei((:jert\ﬁe Zp?ﬁtrr(\)st(r:otri)yﬁ ?r on the functionalization of silica surfaces, among which covalent binding of
Y gap 9 a € demonstration o aorganic molecules is preferred.o@mon strategies for the covalent

polarization sensitive BP mI& detector will then be presented. In the functionalization of silica materials involve either silane treatments &t Si

Z?rﬁg?gior:lgllfrrsefue?iglstﬂz’sg d V:rlii fii:qusSSnaOL:i:: \:jvg\rllfcec;n fodrexZ:JorF(J)lr?\%rt\rA:iz reactions. Each has its share of limitations, with the former suffering from
ynap P selfpolymerization and multilayer modifications, and the latteeidg

ele_-ctronlcs, |_nc|ud|r_1g emulatllng the heterogeneity in synaptlp conne_ctlons sensitive to moisture and oxygen. Herein, we proposed‘#iiekreaction
using t_he anisotropic properties of BP a_nd a tunable memristive device as 2t silanol groups with vinyl sulfones, which enables a new and simple
:Zg:g?gﬁ r;?éitisgnn:l%?ebzwrilrﬁcindmlw ith re_marbks 03 promising quur;D strategy for functionalization of silica materials. For the first time,\thiekQ

. jowymmetry € (_ectr(_)nlcs ased on anlst_)troplc concept was extendedotsilanol groups that are abundant on the surface
materials and how their novel properties is expected to benefit the next i terials. using compounds bearing vinvl sulfone aroups. By siml
generation electronics and photonics technologies. 9f stica materass, 9 compou - g viny groups. by simply

immersing silica materials in vinyl sulfone solutions at3 60

5:40pm 2D+EM+MI+MN+NSuA11 Patterned Growth of Hybrid Buk2D functionalization could be achieved in hours in the presence dflysifs.
Tungsten Diselenide for Transistor Applicatigr@uinten Yurek . Liao, D. The chemical stability of vinyl sulfones and mild reaction conditions make
Barroso, A.E. Nguyen, N. Duong, G. Stecklein, L. Basmrsity of this strategy advantageous than silane treatments anti $&actions. We
California, Riverside demonstrated that silica materials with sizes ranging from microscale to
As device dimensions shrink, surfaces and interfaces between materials ~Macroscale could all be fationalized. Using compounds bearing multiple

make up a larger volume fraction of a device leading to degrading device Vi”)_" 5U|f0[19 groups, silica materials can be f_ur_ther fu_nctionalized with
properties in 3D materials. One solution is to use 2D materials, however ~ Varies of biomolecules due to the versatile reactivity of vinyl sulfone group

thesematerials introduce additional challenges. For instance, high towards thiol, amino and alcohols. Furthermore, the stiapibf resulting
resistance Schottky barriers and a small number of free charge carriers in SFO-C bond can be tuned by the properties of the vinyl sulfone compounds
comparison to bulk materials. The effective mobility of field effect (e.g., hydrophobicity and surface density) as well as the environmental
transistors (FETs) based on tdimensional (2D3inglelayer transition factors (e.g., solvents, pH and temperature). Increase in the hydrophobicity
metal dichalcogenide (TMD) films is frequently limited by barriers at the ~ and functionaliation density of the vinyl sulfone compounds could
contacts, as opposed to the native properties of the TMD material. increase the stability of $-C bonds. Contrast to the high stability in
Specifically, high resistance Schottky barriers form at the TMD/metal organic solvents, degradation of-GiC bond can be realized in agueous
interface because dhe film@ thinness and resulting small number of solutions, which can be accelerated by addition of acichase. This is
carriers. Here we demonstrate a scalable siraé deposition method for rarely observed with bonds produced based of silane treatments atl Si
nanoscale hybrid 2D/3D TMD structures encoded by lithographic reactions. It could broaden the biomedical applications of functionalized
patterning prior to deposition. By confining the metal contact to bk s?l?ca, for example, to provide tailored release of drugs or proteins from
regions of WSg the effective mobility is increased to nearly 100%¢rs? silica surface.

with an on/off ratio >18for bottom-gated devices (through 300nm of 2:40pm BI+AS+IPF+NBIA2 Organosilica pH Nanosensors Applied to
oxide), even for comparatively long channels (>5 microns) and absent othefzgaitime  Metabolite Monitoring Kye Robinson Monash University,

contact optimization. Our preess involves lithographic pattering of a Australig K. Thurecht,University of Queensland, Austrglié&s. Corrie,
hafnium (IV) dioxide film onto the SiSi substrate prior to TMD growth. Monash University, Australia

Bullclike 3D WSgis observed to grow at the location of the hafnia, while Continuous monitoring of biomarkers in biological environments is a key

evallaion of ransport data Alows us 0 exirac, Schotty barer heights C1IENge for the development of biosensors capabe of providingtel
and other fundamental properties of our hybrid devices. We demonstrate fe_edbacR. The_se sesors promise (o aid in the treatmeqt of d|sea_ses with a
that this process can be used to create devices with metal/3D TMD highly dynam|c na'ture hoyvever current technolog|§§ remain séarce
contacts, which exhibit a reduced Sttty barrier height, while continuing N_anopartlcle b_ased:optodc-?s have emerged as sensitive _gnd tuneable
to use 2I5 TMD channels, which result in an excellemlfbratio _blosensors, using chrom_ollonophor(_es to generat_e anaytecificchanges .
' ' in fluorescence spectra in a dynamic and reversible manner. Currently this
type of sensor suffers from limitations including leaching of reagents from
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the nanoparticles over time, combined with poor colloidal stability and bio-medical science. Here, we demonstrateSHletection from living cells
resistance to fouling ibiological fluids. using silver nanorods arrays fabricated by glancing angle deposition
An organosilica corshell pH sensitive nanoparticle containing a mixture of Method. Colorimetric and wettability properties of silver nanorods are
covalently incorporated pisensitive (shell) and phisensitive (core) P€ing observed for the gaseous detectioVe use the model organism
fluorescent dyes has been developed. This platform demonstrates goodl_E.cohto dem_onstrate t_he feasibility of the method for the determination of
long term stability(80 days), fast response time (<100 ms) and resistancelive and resistant strains of the bacteria. Fpr the_human cell, we have used
to fouling in biological conditiods This presentation will describe the Hela cell line for the same. For the simplicity and feasibility of the
modification of these pH sensing particles towards the production of a t€chnique, Android based mobile app has been developed for the
lactate responsive particle for sensing through couplimith lactate colonmetng det(_ectpn. Data obtalngd |n_th|s stu_dy show t'h('e potency of the
dehydrogenase. Here we will present our latest results focussed on enzyméyStem to |dent|fy. Ilve/deaq bacteria _Wlth or without gntlblotlc treaFment
encapsulation in addition to modulation of shell parameters including @1d compared with the timeonsuming standarcplating method, it a

thickness and degree of crosslinking in order to tune response kinetics forSimpPle and coseffective method for the estimation of living and resistant
application in biologal tissues. microorganism. The performance of AQNRs £ ¢hs sensor is investigated

1 . | | by its sensing ability of 5 ppm of gas with an exposure time of only 30 s.
Corrie, S. R. etal., Analy2l15 140, 43561364 has pdential application in the area of antimicrobial resistance and- bio
2Robinson, K. J. et al., ACS Seng20s3 medical healthcare.

t

3:00pmBI+AS+IPF+NBIA3Impact of Different Receptor Binding Modes  4:20pmBI+AS+IPF+NBIA7 Conversion of Human Stem Cells into Insulin

on Surface Morphology and Electrochemical Properties of Fidéed Producing Cells Through 2D Platforms for Enhanceditro Insulin
Sensing Ritforms, Johannes Daniel BastWalter Schottky Institut (WSI)  Production S.K. Vishwakarma, A.A. Kh&entral Laboratory for Stem Cell
and Physics Department, Technische Univarsiliinchen, GermaryP. Research and Translational Medicine, Centre for Liver Research and
Scarbolo, Dipartimento Politecnico di Ingegneria e Architedu(DPIA), Diagnostics, Deccarolizge of Medical Sciences, Indiarshal Dhaya) IIT
Universit degli Studi di Udine, Italys. Gremmo, G. Rziga, M. Stutzmann, (BHU), Varanasi, India

Walter Schottky Institut (WSI) and Physics Department, Technischerransplantation of whole pancreas/cadaveric islets is the most commonly
Universitit Minchen, GermanyM. Tornow,Molecular Electronics Group  acceptable treatment option for uncontrolled diabetes. However, the
and Department of Electrical and Cputer Engineering, Technische wider clinical applicability of theseapproaches is limited due to
Universiit Mnchen, GermaryL. SelmiDipartimento di Ingegneria "Enzo  ynavailability of donors and continuous need for the administration of

Ferrari" (DIEF), Univeraidi Modena e Reggio Emilia, Ital. Cattan immunosuppressant. Here we report a new strategy for efficientitiro
ScholzWalter Schottky Institut (WSI) and Physics Department, Technischerans-differentiation of humashepatic progenitor cells (hHPCs) into insulin
Univessitat Munchen, Germany produchg cells (iPCs) on biologically compatible mighips of 2D
Siliconbased fieldeffect devices have been widely studied for lafrek platforms. The physiological function of transdifferentiated hHPCs

DNA detection in recent years. These devices rely on the detection ofconfirmed the activation of intracellular €asignaling and activation of
changes in the electrical surface potential during the DNA recognition pancreatic transcription factors (pTFs) which triggtite insulin exocytosis
event and thus rquire a reliable and selective immobilization of charged during hyperglycemic challenge. The iPCs on these rofips showed
biomolecules on the device surface [1]. The preparation ofasseémbled upregulated expression of master regulator Pidx -cell specific marker
monolayers of phosphonic acids (SAMPs) on metal oxide surfaces is aNkx6.1 and more importantly @eptide similar to human pancreatic- b
efficient approach to generate wellefined organic intfaces with a high cells during hypergtemic challenge. These platforms may provide dong
density of receptor binding sites close to the sensing surface [2,3]. In thisterm survival and function of iPCs which could be better technology for
work, we report the functionalization and characterization of silicon/silicon developing effective therapeutic options for the management of diabetic.
nitride surfaces with different types of peptide nucleic acid (PNA), a

syntheticanalogue to DNA [4]. 4:40pm BI+AS+IPF+NBIA8 Polyzwitterionr-modified Nanopartices for

Selective Antibody SeparatignF. Cheng, C. ZhWei He B. Sun, J. Qu,
Differently modified PNA molecules are covalently immobilized on the Dalian University gf Teshnolggy Chinag W ¢ Q

underlying SAMPs either in a multidentate or monodentate fashion to

investigate the effect of different binding modes on receptor density and Antibody separation is a key biopharmaceutical process, which requires

morphology  important for PNADNA  hybridization. ~Multidentate high specificity and efficiency in isolating the biomacromolecule from a
immobilization of the bioreceptorsia Gs-SH attachment ’ roups at the complex biological fluid. Development of the separation adsorbent benefits
) P - - ent groups at diagnostics and therapeutics, such paint-of-care testing, treatment of
points along the PNA backbone provides a rigid, lying configuration on the . . . .
device surface (PNA 1), whereas a monodentate immobilization by Cyscancer and autoimmune disease. In the process of antibody separation,

capped PNA molecules (PNA 2) results in more flexible and more accessibﬁamtem A ‘chromatogr_aph_y s a commonly employeq adsorbent, which
s ) ) could obtain antibody in high purity from serum or ascites. In the process
receptor binding sites. Our results dicate that the presented

functionalization scheme can be successully applied to producescale puification and therapeutic plasma exchange, safety issues, e.g.

. . . ) .. “leakage and instability of the immobilized Protein A, and eross
morphologically and electrochemically different PNA bioreceptor binding L . . N .
. o - L contamination during regeneration, are overwhelmed in biopharmaceutics.
sites on silicon/silicon nitride surfaces. Consequently, a -ehsken

modification of the PNAbackbone is a valid approach to influence the An alternative appro_ach o Pr_otel_n A chromatography imgisynthetic .
. . . " : - . ligand, molecular weight of which is commonly less than 200 Da. The main
sensing properties of surfagemmobilized PNA bioreceptors, which might

A . . . advantages of synthetic ligand are wetintrolled chemical structure, low
provide an additional parameter to further tune and tailor the sensing . . . S
- . . A cost, ease in cleaim-place, and repeatable regeneration capability in harsh
capabilities of PNAased biosensing devices. o o . . )
conditions. Howeer, it is a challenge to adsorb antibody in a highly

[1] Ingebrandt S. ah Offenhausser APhys. Status Solidi 203 (2006),  selective manner from a complex biological fluid, which consists a variety
33993411. of proteins with a broad range of concentrations.

[2] Chaki N. K. and Vijayamohanan Bigsens. & Bioelectrorl7 (2002), Herein, we report a facile method to develop a quick separation adsorbent,
112. which adsorbs antibody from a complex biological fluid with a high
[3] Stutzmann M., Garrido J. A., Eickhoff M. and Brandt MRI§s. Status ~ specificity. Two types of zwitterionic polymerodified magnetic
Solidi A203(2006), 34243437. nanoparticles (NPs) are fabricated by conjugating pSBMA onte PEI

recoated NPs via either orstep method (1S NPs) or tvgtepmethod (2S

Ps). For both methods, divinyl sulfone is used as linker molecule.
Although 1S NPs were capable of resisting both IgG and BSA, 2S NPs
3:20pm BI+AS+IPF+NBIA4 Biosensor for Detection of Gasotransmitter — exhibited specificity toward IgG adsorption in complex biological fluids, e.g.
from Living Cells Employing Silver Nanorods Arr8hashank GahlautC. mixture of serums and IgG. Theoderate interactions (Kd ~1.RM)
Sharan, J.P. Singndian Institute of Technology Delhi, India between 1gG and 2S NPs are three orders of magnitude lower than IgG
The detection of endogenous gases including i of immense interest ~ binding with Protein A (Kd 10nM) . Through complementary
nowadays as it opens the wdo predict some diseases as well as an early characterizations and analyses, we rationalize that the surface developed
stage diagnosis. These three gasotransmittesS(HNO and CO) gaseous herein with IgG spefitity contains two key components: polyzwitterions
molecules transfer the information and give the signal for mainly With short chain length and sulfone groups with high density.
cardiovascular diseases Therefore, its detection has crucial importance i

[4] Neelsen P. E. and Egholm M. (ed.), Peptide Nucleic Acids, Horizo
Scientific Press (1999).

Tuesday Afternoon, October 23, 2018 29 2:20 PM



Tuesday Afternoon, October 23, 2018

5:00pm BI+AS+IPF+NBIA9 Orienting Proteins on Surfaces with Site  each amino acid. The electrical polarity has profound effects on the
specific Bioorthgonal LigationsRiley Bednar R.A. MehlDepartment of solubility, pH acidity of amino acids in water and many other associated
Biochemistry and Biophysics, Oregon State University biochemical functions. These amino acids are representatives of certain
The functionalization of material surfaces with proteins is of great biochemical features for potentisl different influences in our applications
importance to a number of technologies, from industrial processes to for cell culture.

biomedical diagnostics. However, while it has been proposed thatThe electrospinning process is controlled by several parameters such as the
orientation may be important to the function of sudfiomaterials, efforts voltage of power supply, feeding velocity of polymer solution through the
to study such roles are hampered by a lack of rapid, quantitative, andsyringe pump, electrical field strength aistance to the collection plate
orientation-specific immobilization techniques which will reduce non of nanofibers. Different combinations of these parameters are studied to
specific fouling, and allow substoichiometric attachment of proteins onto determine an optimal control for fiber formation. Properties of and
surfaces in an orieation-controlled manner. Here, Carbonic Anydrase Il microstructures of deposited films and nanofibers are investigated as
(HCA) a 30 kDA, monomeric metalloenzyme which catalyzes the following: tickness and deposition rate by surface profilometer;
interconversion of carbon dioxide to bicarbonatés immobilized onto microstructures by Fourier transform infrared spectrometer (FTIR); surface
strained trans-cyclooctene (sTC@)nctionalized magnetic resin in an morphology by scanning electron microscope (SEM); optical properties by

orientation-specific manner via bioorthogonal ligation with a site  y\tvisiblelR spectrometer and wettability by the cowtaangle.
specifically installed tetrazineontaining amino acid (Tet2.0).

5:20pmBI+AS+IPF+NBRIA10Highthroughput Study of the Role of Spatial . . . L

Organization on the Activity of SurfaeBound EnzymesNourin Alsharif Electronic Materials and Photonics Division

Boston University T. Lawton, J. UzarskiNatick Soldier Research, Room 101A Session EM+2D+AN+MI+MP+N&A
Developmentand Engineering CentelK.A. BrownBoston University . .

Many of the exceptional properties of natural materials (e.g. fracture SOIar/Er?ergy Harvesting and Quantum Materials and
toughness of bones, strength to weight ratio of bamboo) can be attributed APplications

to their structural hierarchy, which originates, in paftom the nanoscale =~ Moderators: Yohannes Abate Georgia State UniversityNicholas
organization of the enzymes that synthesize these materials. In order toStrandwitz Lehigh University

best utilize such enzymex vivoto grow engineered biomaterials, the role 2:20pm EM+2D+AN+MI+MP+NEIA1 Plasmonic Metasurface Electrodes

;)1;\:2:sstrg;ttjétlscgrlestgag?:|2f1rt|g)r;crt7i1vl:tst (E’fearl:gge;;oeﬁé g'fe;i'z Wmee;evrx)/i(:tr'ntina for Excitonic Solar CellsDeirdre O'CarrollRutgers, the State University of
9y ying y 9 Y New Jersey INVITED

a multifunctional material in a high throughput manner. In particular, we L . . . "
9 gnp P Excitonic organic solarell technologies, while not currently competitive

use topdown patterning techniques in conjunction with small molecule — "™ . . . -
with inorganiesemiconductor analogues, can exhibit very small device

selfassembly to designate enzyrnding regions andist a nonbinding, bodied ; due t tively | ; " d

hydrophobic background. Key to this experimental scheme is the parallelem odie efnﬁrgets_ (due to comparﬁlvhey 0‘?’. (tempetrafure and low

nature of both the fabrication and the characterization processes that energyuse tabrication processes), whic IS Of Interest for minimizing
overall device cost and energayback time. To improve energy

enable the efficient study of many geometric parameters of the enzyme . ffici in thifil itoni . | s, liaht
binding features. Thesparameters include, (1) feature size, (2) density of conversion €efticiency in thilim - excitonic - organic _solar cetls, 1ig
enzyme within each feature, and (3) distance between features. This Ievef‘nanagem(_ent using na_nophotonl(_: struptures Is necessary. Here, _our_recent
of control can in principle allow us to separate effects of reaction kinetics work on improving I|ght_ trapplng n deep@upwwelength eXC|t0n.|C
organic semiconductor films using plasmonic metasurfaces will be

and substrate diffusion. Two strategies have beexplered for the . . .
g &P presented. Numerous excitemetasurface interaction phenomena, such as

immobilization of enzymes including click chemistry to #matural amino o . . .
acids and binding to poliistidine affinity tags. Toplown lithography and absorptioninduced scattering, exciteplasmon coupling and morphology
ndependent surface plasmon ligtrapping are observed to give rise to

enzyme assembly were verified using a variety of surface characterizatio . . : .

techniques incluthg atomic force microscopy, -ty photoelectron mprgved light trapping at d|fferent regions .Of the_ solar Spe‘?t.'“m-

spectroscopy, infrared spectroscopy, spectroscopic ellipsometry, andAdd't'o.na”.y’ an app roach to ach|eve theo theo_retlcal limits to the effluency

contact angle goniometry. Initially, this high throughput paradigm is used pRExcilonic organic photovolt_aucs_ (~22%) will be pr(_)p(_)seq that imsoly
control of radiative recombination rate, and optimization of both

to develop a fluorimetric assay to quantify the activity offaoe-bound hotolumi " ffici d phot ing i .
enzymes as a function of their spatial organization. Together with the PhOtoluminescence quantum efliciency and photon recycling in organic
semiconductor thidfilms.

widespread utilization of high throughput techniques in synthetic biology,
the ability to study spatial organization in a rapid fashion is expected t03:00pm  EM+2D+AN+MI+MP+NBIA3  Photoemission Electron
dramatically improvexvivoapplications of enzymes. Microscopy as a New Tool to Study theleBtronic Properties of an
5:40pm BI+AS+IPF+NBIA11Fabrication of Amino acid Contained Pely Inhc_)mo?eneous sem|condhuct0r for PE.OtOVOItaICSM' B(Iarg, Sandia
lactic Acid Nanofibers by Electrospinningz. Li, National Yang Ming Na_tlona_ Labgratorles]. Kephart, A. Muns b W.S. Sampﬁlg,orado State
University, Taiwan, Republic of ChinaH. HsiehiMing Chi University of University Taisuke OhtaC. CharGandia National Laboratories

Technology, Taiwan, Republic of ChifaH. Lin National Yang Ming The energy positions dhe valence and conduction electronic states with
University Taiwan R’epublic of China ' respect to the vacuum level are essential parameters to evaluate how the

Polylactic acid (PLA, &0z, CAS 261622-2) isa biodegradable and band gaps of semiconductors_ or Fetlevels of metals_ line up with re_‘spect
thermoplastic polymer. PLA is naturally produced and can be extracted'© ‘each other. _Suc_:h electronic structures of materials bendetermined
from many plants such as sugarcane, cornstarch or cassava roots. Typicg ng phhotﬁem|§5|()fn §pﬁctrosc0py (PES). PIIES _n;.'easurements, however,
industrial production processes for PLA are direct condensation of Iacticlrema'ln chaflenging for iInnomogeneous rn_aterlas_wn nancmu:_ror;reter |
acid monomers (~1WC- 160°C) and ringopening polymerization of lactide atera dmenspns due fo its mesoscopic p’°b'f‘9 area, typically no less
with metal catalysts. For applications in bulk forms, PLA can be produceéhan several microns. I_Dhotoeumon e'?m” microscopy (PEEM) s a
by extrusion, casting, injection molding and spin coating or even 3dpathqde Ie_ns electron microscopy technique that comblne_s photoemission
printing. imaging with spectroscoplc. modgs Qf operation to provide PES speptra
from areas less than one micron in size. Here, we present PEEM studies of
In cell and tissue engineering applications, ison acids are essential  the electronic structure of polycrystalline cadmium telluride (CdTe) thin
ingredients for celtissue culture, implants/replacements, drugs and films, a test case to examine the applicability of this new microscopic
treatment tests. There are twenty amino acids appearing in human ge”e“CapproaCh to photovoltaic materials. Peséposition CdGltreatment of
codes by triplet codons and usually categorized according to their polarity,cqTe is known to increase photovoltaicigéincy. However, the precise
acidity/bascity. chemical, structural, and electronic changes that underpin this
In this study, we fabricate nanofibers by electrospinning on a-spated improvement are still debated. In this study, PEEM was used to spatially
PLA film. This specially designed combination of PLA films and nanofibers isap the vacuum level and ionization energy of CdTe films, enabling the
meant to have enduring interfacial adhesion between the two for identification of electronic structure variations between grains and grain
biomedical applications such asptants. Both PLA nanofibers and films are boundaries.In vacuopreparation and inert environment transfer of oxide
mixed with selected amino acids. Five amino acids were chosen:free CdTe surfaces isolated the separate effects of Qo#2itment and
tryptophan (Trp, ), methionine (Met, ), serine (Ser, ), glutamate (Glu, ) andambient oxygen exposure. Qualitatively, grain bounewdisplayed lower
arginine (Arg, ). The selection is based on the different electricalifyotd work function and downward band bending relative to grain interiors, but
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only after air exposure of Cd@ieated CdTe. This study highlights the [4] M. Radulaski et al, Nano Letters 17 (3), 21886 (2017)
importance of probing the spatially varying electronic structure, elucidating
the concurren impacts of processing steps ( Cd@atment and oxygen
exposure ) to develop a comprehensive picture of local electronic structure
in an inhomogeneous semiconductor.

5:00pm EM+2D+AN+MI+MP+NBJA9 Optical Properties of Single Silicon
Vacancies in 4#5iC H.B. Banks,National Resarch Council Postdoc
residing at the Naval Research Laboratoy. SoykalSotera Defense
Solutions, Inc, residing at the Naval Research Labora®oB; Pavunny, R.L.
The PEEM work was performed at the Center for Integrated y\iversward, D.K. Gaskiiamuel CarterU.S. Naval Research Laboratory
Nanotechnologies, an Officd Science User Facility (BE0494AL85000). Defects in widebandgap materials have generated substantial interest as
M. B. & C. C. were supported by a U.S. BBRE SunShot BRIDGE award romising systems for quantum information and quantum sensing due to
(DEFOAQ000654 (.:PSZSSSQ)' T'. 0. was supported_by_the_CINT IJS‘%right, stable optical emission that is often coupled to ldivgd spin
program and Sandia LDRD. Sandia Nat|(_)na| Laboratories is m”'?’“ ._states. One promising defect system is the silicon menaxicy in SiC )/
Iaborgtory managed'and operated by National Technolpgy and Englneerlngtﬁ‘hich has a spi8/2 ground state that can be optically polarized and
Solutions of Sandia, LLC., a wholly owned subsidiary of Honeywe aintain long spin coherence times even at room temperature. SiC is an

gterngtlon:g, Inc for_ the U'(?' Department of %g?ggdgano;]_ﬁl Nut_:Iear attractive material in terms of mature growth and fabrication technology
ecurity ) mlnlstra_tlon under contrac_t B - e VIEWS and also has a low n#ral abundance of nuclear spins, which reduces spin
expressed in the article do not necessarily represent the views of the USdephasing. While significant work has been performed to study the spin

DOE or the US Government. properties of \ for ensembles and even single defects, the optical
3:20pmEM+2D+AN+MI+MP+NEIA4 Modification of Bandgap for Lead ~ Properties and their connection to the spin system are lessetiiped.
Free Double Perovskite g%gInCi with Bi Doping Hassan SiddiqueH. Da, ~ Here we report on high resolution optical spectroscopy of singlde¥ects,
X.Q. Wang, R.C. Dai, Z.P. Wang, Z.J. Ding, Z.M. Eiraveysity of Science  Specifically V2 defects, at low temperatures. Using laser excitation
and Technology of China spectroscopy, the zero phonon line (ZPL) transitions corresponding to the
Lead halide perovskites have the excellent luminescent properties but exisfs=t1/2 and m=t3/2 spin sates are resolved, with a linewidth down to 70
some vital disadvantages such as instability and Pb toxicity.-ftead MHz and a splitting of 1 GHz. While there is significant variation in the
double perovskites draw attention due to a possible candidate for transition energies from one defect to another, the splitting of these lines
environmentfriendly materials. Direct baiyap leadfree halide of IS Very uniform. We also find that emission from the VZede under
CsAgInGlis one of them. [1] In this work Bi doping@ginCJ (CAIC) was r_esonant excitation of these lines rapidly de(_:ays on t\/\_/o very different
successfully prepared. Bi dopant above 15% CAIC can restrict the pariffmescales. Slow decay on a 10 ms timescale is attributed to
forbidden transition responding to sub absorption peak around 600 nm.[2] Photoionization of ¥ and can be prevented by periodically exciting the
On the otter hand, the intensity of photoluminescence enhances with the defect with a second laser at 745 nmasF decay on s or shorter time
increasing Bi dopant and touches the maximum around 30% doping, therSClé occurs due to a combination of intersystem crossing and spin
gradually loses its intensity with further doping due to the mechanism of Polarization of the ground state. A significant difference in the decay rates
the concentration quenching at room temperature. &iping in CAl€an of the two transitions is observed, which gives rise to sfspendent
also modify the band gap. The absorption spectra indicate that the pandPhotoluminescence intensity and neresonant optical spin polarization.
gap reduces from 3.10eV without Bi doping to 2.68eV foAGi® a0 These results further our understanding of the connection between the
Bb.-«Ch. PL decay life time reveals the good intrinsic excitonic feature with ©Ptical and spin properties of this defect system that are necessary to
less defect trapers [3]. Average life time for €syln 70 BbaiChis 490 ns  optically control and readout the spin systemwsll as to develop a spin
which is least among all other BgIn.oBiCh doping. Thermogravimetric ~ Photon quantum interface.

a_naIyS|s (TGA) result reveals _thermal stability @RGisv.s0 Bo.7eCh for the  5:20pm EM+2D+AN+MI+MP+NRBIAL0 Photoluminescence Studies on
hightemperature SO6C. The Bi dopg can dec_r(_ea.se the band gap, restrict pattermed Silicon Vacancy Defects in Li lon ImplantedSig for Scalable
defect states, enhance PL and improve stability; these good performance%uamum Device ApplicationsShojan PavunnyU. S. Naval Research

make CsAglnixBkChk more suitable for optoelectronic properties. Laboratory S.G. Carter, H.B. Banks, R.L. My¢ard, P. Klein).S. Naval

4:20pm EM+2D+AN+MI+MP+NBIA7 Optimized (Quantum) Photonics Research LaboratoryE.S. BielejecSandia National Laboratoriesvl.T.

Jelena VuckovicStanford University INVITED Eet;larl(:, A.S. Bracker, E.R. Glaser, D.K. Gasi§ll, Naval Research
aboratory

Photonics has numerous applications ranging from optical interconnects, - ) )
classical and quantum computing, to sensing (such as LIDAR and AR), afigcently, silicon vacancy defect centers) (v the CMOS compatible wide
imaging. However, the state of ¢hart photonics is bulky, inefficient, bandgap ‘semlconductor SiC _hexggon_al polytypes have c_jrawn great
sensitive to environment, lossy, and its performance is severely degraded®Search interest for future applications in scalable quantum information
in reakworld environment as opposed to ideal laboratory conditions, which @nd quantum sensing mainly due to their high electronic spin (S = 3/2) with
has prevented from using it in many practical applications. Thezefoiis a long coherence time at room temperaturi@ealization of future densely

clear that new approaches for implementing photonics are crucial. integrated quantum devices will greatly benefit from the ability to
deterministically induce the desireds\density at the optimal location in

. ; : e 8 the three-dimensional soliestate matrix with nanometer accuracy and
photonics based on desired performance, with fabrication constraints and excellent opical properties. With this motivation, we demonstrate

structure robustness incorporated inesign process [1,2]. Our approach i, yateq formation of arrays of s/ensembles as well as single defects in
per_forms physwg guided search th_rough t_he full parametgr space until thehigh—quality 4HSIC epilayers by a direct, maskless focused ion beam
optlmal szlutlon IS rea;)chedk).IResu!tlng dewge ge&gns areimortive _(see implantation technique with a designed lateral separatwm-5um and a
Figure), but are fabricable using standard techniques, resistant 10 _»g m spot size. We have carried out kigholution optical spectroscopy
temperature variations of hundreds of degrees, typical fabrication errors, 40 dzZRASa £6)Dn theselayfays, i@ which lithium ions are implanted

and they qutperform stat.e. of the art co'u'nterpgrts' by many ord.ers of 4t doses varying from 10¢ 10' Li/cnPat a fixed energy of 100 keV to a
magnitude in footprint, efficiency and stability. This is completely different depth of ~400 nm from the surface. Photoluminescence intensity and

from conventional approach to desiguhotonics, which is almost always  yefect conversion yield with dose, photostability, fluorescence saturation,
performed by bruteforc_e or |_ntum0ngwded tuning ofafew parameters Of_ and M:Vi' intensity evolutions with temperature and excitation power
known structures, until satisfactory performance is achieved, and WhlchWere investigated. Results obtained from temperature dependent

almost always leads to swdptimal designs. photoluminescence studies can provide key insights in the design and
Apart from integrated photonigsour approach is also applicable to any fabrication of scalable and reproducible three dimensional SiC quantum
other optical and quantum optical devices and systems. In recent yearshybrid devices including photonic crystal cavities.

color centers in diamond and silicon carbide (SiC) have emerged as a . L. . .
possible platform for implementation of quantum circuits [3,4]. We 5:40pm EM+#2D+AN+MI+MP+NSuAll Processing of Cavities in SiC

demonstate how such quantum hardware can also be optimized to be Material for Quantum TechnologigRRachael MyeréVard, K. Hobart, K.M.
robust. efficient. and scalable. Daniels, A.J. Giles, M.J. Tadjer, L.E. Luna, F.J. Kub, S.P. Pavunny, S.G. Carter,
H.B. Banks, E.R. GlaserS. Naval Research LaboratdpyB. KleinSotera

We have recently developed a computational approach to inveessgn

References Defense SolutionsK. Qiao, Y. Kim, J. KinMassachusetts Institute of

[1] A. Piggott et alNature Photonic$, 374377 (2015)] TechnologyD.K. Gaskill).S. Naval Research Laboratory

[2] L. Su et aACS PhotonigsSAP (2018) Silicon carbide is a material of interest for quantum computing and sensing
[3] J.L. Zhang et al, Nano Letters 18 (2), 1BE65(2018) applications owing to deep point defect centers with long spin coherence
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times (which characterizes the lifetime of the qubit), specifically thEly performed to investigate the electronic structure of the PdSe QDs using a
divacancies [2] and nitrogevacancy centers [3]. These spin qubits have variable zmode with an external lockn amplifier in the bias range e2 to

been isolated and coherently controlled, wherghéave T coherence times 2V. Single site STS showed resonant peaks from molecular orbi@Bsof

up to 100us [4] and divacaties to 1 ms [2], making these two defects of before the ligand exchange process; however, the peaks were not observed
most interest to date. While the current spin coherence times have been after the ligand exchange due to necking between the QDs in the
shown to be as long as 1 ms, further improvements are needed to fullysuperlattice. In addition, the size of band gap was decreased as increasing
realize the potential of SiC for quantum applications. In this warg, the number of nearest neighboring QDsiedto necking between QDs.
create \4 in epitaxial SiC and investigate fabricating the layers into Layer 2 QDs showed moretype behavior than layer 1 QDs possibly due to
microstructures suitable for using thesiphotoluminescence (PL) emission. the band bending effect at the interface of HOPG and QD superlattice.

We have found 4FBIiC epitaxial layers grown under standard growth

conditions and with varying doping dsities from 1&*to 10 cnr® have no

measureable ¥ present, as determined by confocal PL. To introduse V  Nanometerscale Science and Technology Division

we used 2 MeV electron irradiation in doses ranging from 0.75 to 75 kGy. :
+ +MI+ +SS+H]
This results in &/PL ranging from single to ensemble emission withia t Room 102B Session NS+AM+MI+MN+SS+IR

confocal volume. Hence, we are able to tune the vacancy concentration. ~ SPM¢ Probing and Manipulating Nanoscale Structures
In order to improve the indistinguishable photons from the; ahd/or Moderators: Renu Sharma NIST Center for Nanoscale Science and
divacancies for real applications, photonic crystal cavities (PCC) are used thechnologyCarl Ventrice, J'ISUNY Polytechnic Institute

tune the emission energy [4]. OBCC design consists of a planar array of ;.50 NS +AM+MI+MN+SS+TRIALBuilding Artificial Quantum Matter
cyllndrlc_al holes approximately 220 nm wide in a Slf‘lb. of SiC,-50Bem . with Dopant Aoms, Sven RoggeUniversity of New South Wales, Australia
thin having an area 50 x 0n?, similar to [4]. To maximize the PCC quality INVITED

factor, the slab should have a large index of refraction difiee on the Atomicscale engineering reached the level of control where si
top and bottom; i.e., an air gap is desired under the slab. To achieve this 9 9 g

goal, we have identified four fabrication methods to create the PCC. One OTdevices can be reproducibly fabricated with high yield. This talk focuses on

these techniques is to use remote epitaxy as an innovative approach Whicf%he progress of single dopant atom placement in the context of engineered

entails growing ejpaxial graphene on a SiC substrate by means of Siquantum matter. Silicon qffers partlcularly'lnte_restlng pI’atforr_n for single

Lo A = dopants because when isotopically purified it acts aésemiconductor
sublimation. Silicon carbide is then grown on a monolayer of graphene tovacuuns’ for spins. This leads to extraordinary coherence that is used to
the desired film thickness [5]. This thin SiC layer is then transferred, pins. Y

facilitated by the weak van der Waal forces at the grapli8i@ substrate realise donor atom based qubits. Spanall_y reSOIVed.tunne”mg rexpers
. . S reveal the spectrum and quantum state image of single atoms and tunnel
interface, to a substrate more amenable to cavity fabrication. All four

o . . . coupled arrangements of atoms. These measurements grant access to the
fabrication methods will be presented in detail. ) . . . . .
wavefunction of donors in the silicon lattice that makes it possible to

[1] J.R. Webeet al. Proc. Natl. Acad. Sci. US3V8513 (2010). pinpoint the dopants to their exagiosition in the lattice that is essential in
[2] D.J. Christlest al.,Nat. Mater.14 160 (2015). the evaluation of engineered quantum matter. A first step towards
[3] H.J. von Bardeleben, J.L. Cantin, E. Rauls, and U. Gerstmann, Phys. Feagineered Hamiltonians for Fermionic systems in the form of atomic
B92064104 (2015). chains was taken where interacting dopants were employed to simulate a

two-site Hubbard Hamiltonian at low effective temperatures with single
[4] D.O. Bracher, X. Zhang and E.L. Hu, Proc, Natl. Acad. St144580 site resolution. Quasparticle tunnelling maps of spiresolved states with
(2017). atomic resolution reveal interference processes from which the
[5] Y. Kimet al.,Nat.544 340 (2017). entanglement entropy and Hubbard interactions agaantified. We will
present dopant based muiglectrode devices fabricated by the scanning
probe hydrogen depassivation and decoration technique where the
quantum state of the device can be manipulated and imaged in situ. The
aim of this work is to build two dimensional array of up to 30 spins in the
solid state to implement complex highly correlated systems.

6:00pm EM+2D+AN+MI+MMNSTuAl12 Investigation of Localized
Electronic structures of PbSe Quantum Dot Superlattice on a Highly
Oriented Pyrolytic Graphite (HOPGN Jo Kwak S. UedalUniversity of
California at San DiegoA. Abelson, C. Qian, M. Lawniversity of
Califonia, Irvine A.C. KummeUniversity of California at San Diego
LeadChalcogenide quantum dots are of interest due to the facility of 3:00pm NS+AM+MI+MN+SS+JRIA3 Scanning Tunneling Microscopy
adjustment of their electrical and optical properties. Using a colloidal self Study of Structure Control of a Nanocarbon Catalyst through a Surface
assembly technique, extended arrays of naystal QDs superlattices can  Activated coupliig Reaction Jeremy SchultzP. Whiteman, N. Jiang,
be generated. The quantum confinement within individual QDs in the University of lllinois at Chicago

superlattice is relaxed and delocalization of wave functions occurs due toln order to optimize nanocarbon maiets for metaifree catalysis, the
coupling of the QDs. In the QD solids, Hikk electronic bands with a  structure must be controlled and characterized at the nanoscale. One
bandwidth 0f100~200 meV are expected to form which yield much higher method for the bottomup assembly of nanocarbon catalysts is through an
carrier mobility and diffusion length compared to weakbupled QDs; Ullmanntype coupling reaction induced by a metal substrate, where a
however, the electronic properties of such highly ordered QD arrays arehalide leaing group allows covalent intermolecular coupling. Scanning
not fully understood. The local density of state of ayhiy ordered tunneling microscopy has been applied to a fundamental study of 3,6
monolayer PdSe superlattice was investigated by low temperature dibromo-phenanthrequinone (DBPQ), a molecule selected for its
scanning tunneling microscopy. catalytically active diketonic groups. Conjugated polymers forrfrech

A monolayer of PbSe QDs was prepared using the Langmuir Schaef&BPQ have 'been found to _be capable of qatalyzing alkane oxidat_ive
deposition technique. First, oleateapped PbSe QDs dispersed in hexane dehydrogenation (ODH) reactions as well as nitrobenzene (NB) reduction

were drop @sted onto diethylene glycol surface. After the hexane was '€actions.

evaporated, a (111) iplane oriented polycrystalline FCC superlattice was Different surfaces were investigated for their role in the surfacévated
formed on the diethylene glycol surface. M¥CN solution was applied onto  coupling reaction. Intacnonomer molecules were found to selssemble

the oleatecapped PbSe superlattice film. Thgation of NHSCN initiates  through hydrogen and halide interactions on Ag(100), resulting in-well
the ligand exchange and phase transformation from an FCC to a simpl@acked molecular islands which impacted the organometallic structure
cubic structure superlattice. A monolayer QD superlattice was prepared onultimately formed after reaction. On Au(100), two competing interméalia

a HOPG substrate. Afterward, the HOPG sample was loaded into @imers were observed resulting from a chiral covalent bond between base
commercial UHV scanmntunneling microscopy chamber with a base DBPQ molecules. Cis dimers were found to result in reaction products that
pressure of 1x1®%torr. The sample was annealed to remove hydrocarbons became stuck as tetramers without the potential for further
and ligands from the surface. The topography of the QDs was observegolymerization. Utilization of increasing comge and a new surface
with a tungsten tip. The STM images were acquired in constant currentidentity that arose from the leaving Bromide resulted in selective formation
mode. of longer conjugated polymer chains composed of trans dimers. This study
characterizes the ability of initial sedsembly and leaving groups to steer

STM imaging showed the PbSe QD monolayer Hatt4dsymmetry with an © )
greaction dynamics and control the structure of a nanocarbon catalyst.

average inter QD spacing of 7nm. It is also found the height fluctuation o
the QDs was 1nm indicating size variation of the QDs and imperfect crystal
structure of the superlattice. ¢anning tunneling spectroscopy was
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3:20pm NS+AM+MI+MN+SS+TRA4 Detecting the Tip Shape large Schottky barrier. For 2D transition metal diclogenides (TMDs), a

Dependence of the Plasmonic Photon Emission under S$bhgbin Cui route to a highperformance contact has recently been proposed by using a
Pohang University of Science and Technology, Republic of;Kdrétam, phase transition that converts a hexagonally packed semiconductor (2H)
Institute for Basic Science (IBS), Republic of Kofell. Kim, Pohang phase into a distorted octahedrally packed metallicphase. However, a

University of Science and Technology, Republic of Korea similar apprach is not available for 1D materials. Conceptually, an ideal

Photon signal can be enhanced significantly by modifying the plasmonicgcontact would be a metademiconductor interface formed with native
nanocavity. This enhancement becomes an important issue in super covalent bonds without introduction of any structural or electronic
resolution microscopy and high resolution spectroscopy, such as scanningoundaries. Realization of such a seamless contact in drials such as
tunneling microscopy (STM) electroluminescerjdg surface enhanced  graphene nanoribbons (GNRs) requires atomically precise development of
Raman spectroscopy, tip enhanced Raman spectroscopy [2], and so oré heterostructure from weiltlefined atomic or molecular precursors.

Low temperature STMs can allow us to achieve less than 1lnsatiple Here we report on a successful approach for making seamless contacts in
gap stably. This gapode plasmonic nanocavity between an STM tip and 1D materials through the fonation of GNR staircase heterostructure. The
surface realizes suimolecular photon spectroscopy [1]. A few works coherent staircase is made of GNRs with widths varying from 7, 14, 21 and
demonstrated that light emission signal can be effectively enhanced byyp to 56 carbon atoms. The graphitic heterostructures are synthesized by a
certain resonant plasmonic spectral peaks, which can be modified by tipsyrfaceassisted selissembly process with a single molecysecursor.
indentation [2] and showed theoretically that the larger tip apertesises While the Zatom-wide GNR is a larggap semiconductor, the conjugated

a blue shift and the shaper apex curvature results in higher intensity in ayide GNRs are either quasietallic or smatgap semiconductors, similarly
photon spectrum [3]. However, the tip shape dependence of the plasmoniCto the 2D metals. Our study, which combines STM and Raman
nanocavity remains unclear. In this work, we experimentally present the measurements with DFT calculations, rake that the heterointerface

role of tip shape in surfacglasmonic light emission. We have used Ag tips consists of native $pcarbon bonds without localized interfacial states.

and a Ag(100) substrate, and photon signals have been measured frongych a seamless heterostructure offers an optimal electrical contact to the
both side of the STM tip simultaneously. We dipped STM tips into thewide-gap 1D semiconductor.

substrate with controlling the dipping depth and the lifting speed ideor

to change the tip shape, and then, the tip shape subsequently was checke®:20pm  NS+AM+MI+MN+SS+JRAL0  Visualizing  Coordiation
through STM profiles. We found that changing small parts of tip apex Structures of Small Gas Molecules to Metajorphyrin on Au(111) Using
(<3nm tip direction) can differ the photon spectrum significantly. Scanning Tunneling MicroscopylinHui ChangKorea University, Republic
Furthermore, the plasmonic photon emissifiom different direction from ~ of Korea Y.H. Chang, N.Y. Kitrea Advanced Irigtite of Science and

a STM tip could be quite different due to tip shape asymmetry. This findingTechnology (KAISTY.S. Jeon, H. Kitkprea University, Republic of Korea
can help us to tune the plasmonic photon emission spectra more Y-H. Kim,Korea Advanced Institute of Science and Technology (KAIST),
efficiently. Republic of Korees:J. KahngKorea University, Republic of Korea

[1] R. Zhang et al., Nature 498,85 (2013). Bind_ing reac?ion bevt{een small moIecuIe; an_d metaiimrphyrins play
) crucial roles in functional processes of biological systems such as oxygen

[2] 2. C. Dong et al., Nature Photonics 4,30(2010). delivery, muscle contraction, and synaptic transmission. Their geometrical
[3] J. Aizpurua et al., Physical Review B 62,2063 (2000). structures such as tilted binding of NO to metghlorphyrin have been
recently confirmed by highesolution scanning tunneling microscopy (STM)
; ) . ) ) images at the single molecule level. Here, we present STM images of
Energyrelevant Materials Marina Leite University of Maryland College ¢ o systems, di, tri, and quadi@omic small molecules, coordinated to
Park S ) ) INVITI_ED ~metallo-porphyrin on Au{11). We observed square ring, rectangular ring,
The scientific understanding of nanoscale materials and devices is;ng centerbright structures for three different small molecules. With the
continuously growing ever since atomic force microscopy (AFM) hashelp of density functional theory (DFT) calculations, we reproduce the
enabled us to image these systems at similar length scale. Spegificall gxperimental STM images in the simulated images. Thus, ady shows
there is a pressing need for functional imaging as eneelgvant  that geometric structures of small molecules coordinated to metallo
techr)ologles are_becom_lng dqmlnated by namad mesoscale cpnstruc_ts. porphyrins can be probed with STM combined with DFT methods.
In this presentation | will review my gro@precent research discoveries
based on new AFM methods to measure amdesimine how the electrical, ~ 5:40pm NS+AM+MI+MN+SS+TRA11 Effects of Dimensionality on the
chemical, and/or optical properties influence overall photovoltaic device Reactivity of Carboxylié\cid-Terminated MonolayersDominic Goronzy
behavior [1,2]. We realize novel functional imaging Afdded methods to  E. Avery, N.M. Gallup)niversity of California, Los Angeleks Stafk, J.
elucidate the driving forces for the dynamic response of the perovskitesMacht ék, T. B&, Institute of InorganicChemistry, Academy of Sciences
upon ard postillumination [3], and polycrystalline materials for solar cells of the Czech Repubji&.N. HoukChemistry and Biochemistry, University of
[4,5]. We map nanoscale variations in ogercuit voltage Voc > 300 mV  California, Los AngeleB.S. Weisg)niversity of California at Los Angeles
under Zsun illumination, not revealed by conventional AFM tools. Using Selfassembled monolayers (SAMs) are an advantageous construct to
fastKPFM (16 seconds/scan) while maintag high spatial sensitivity, we  modify surfaces and thereby to tune material properties. Three major
map, in reatime, the dynamics of the Voc in perovskite solar cells with determinants affect the spontaneous assembly of monolayers: the
spatial resolution < 100 nm. Unexpectedly, we identiffgsidual Vo substratemonolayer interface, the interactions between the adsorbate
postillumination, attributed here to iodine ion migration, a process that molecules, and the monolay@nvironment interface. By comtlling the
takes place in a time scale of several minutes. We foresee our functionakxposed functional groups in the SAM, this interface between the surface
imaging tool to be implemented in the identification of stable perovskite and the environment can be probed and manipulated. To examine how
compounds, ranging from leaidee and nontoxic alternatives to new  exposed carboxyl functional groups modulate the properties of SAMs, we
options for tandem designs. have tethered thiolfunctionalized carborane cage molecules with and
[1] ACS Eneygletters2, 2761 (2017)lnvited Review. wi_thout a carboxyl g_roup_to _Au{lll} surfaces_. Us_ing scanning. tunqeling
microscopy (STM), visualization of tpara-functionalized carboxylic acid
carboranethiol was only possible in the form of a mixed monolayer of
[3] Nano Letter§7, 2554 (2017). functionalized and unfunctionalized molecules. These experiments
[4] ACS Energy Lettdrs899 (2016). demonstrated that the functionalized molecule adopted the same nearest

. neighbor spacings on the surface as the unfunctionalizeara
[5] Advanced Energy Matericis 1501142 (2015). carboranethiol, approximately 7.2 By comparison, in our studgf
5:00pm NS+AM+MI+MN+SS+IRIA9 Coherent Electrical Contact to  carboranethiols with a carboxylic acid functional group attached in the
Semiconducting Graphene Nanoribbp@huanxu Ma L. LiangQak Ridge meta position, we have been able to image pure functionalized monolayers
National LaboratoryZ. XiaoNorth Carolina Stat&niversity A.A. Puretzky, ~ via STM with these molecules showing nearastghbor spacings of 84,
K. HongOak Ridge National Laboratoiy. Lu, J. Bernholblorth Carolina approximately 1A larger than the unfunctionalized carboranethiols.
State UniversityA-P. LiOak Ridge National Laboratory Studies of two different isomers ofieta-carboranethiolate carboxylic acids
High quality electrical contact to lodimensional semiconductor channel ~ Yielded similar results. In order to examine the effects of changing
materials is the key tanlocking their unique electronic and optoelectronic  dimensionality from a 3D solvent system to a 2D thin film, we applied
properties for fundamental research and device applications. Inappropriate
contacts create interfacial states that can pin the Fermi level and form a

4:20pm NS+AM+MI+MN+SS+TRIA7 Advances in SPM Methods for

[2]ACS Energy Lette2s1825 (2017)lnvited Perspective

1NSTD Student Award Finalist
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contactangle titration to probe the reactivity of the carboxylic acid head component longevity. In the medical device industry advances are due in
group. These experiments demonstrated a substantial shift from.@foB part to operating in a federally regulatech@ronment where it may be
3.2 in solution (3D) to an apparent surfacespKapproximately 6.5.5. necessary to understand not only what is the surface chemistry, but how
Density functional theory calculationgere performed to test the effects of  various chemistries interact with the body, what is clean, or where does a
desolvation by 2D confinement and showed shifts inqoidsistent with the foreign material originate. This presentation will highlight case studies
experimental data. Together, these results support the concept that the where mtroscopy and surface characterization techniques were
confinement in a 2D environment induces significant changes in regctivi successfully applied to help further understand materials performance and
in the molecules, as evidenced by theapHift. Thus, precise positioning of interactions with the body.
functional groups in SAMs is an important tool to investigate the behavior po\ymers used in the medical industry often undergo numerous clinical
of surfaceconfined molecules. This system may also serve as a model {Qyiais, |aboratory testing, ah development to understand the body and
explore dimensionality effés in biological systems, including proteins po\ymer interactions. The interactions these materials often undergo may
confined within membranes. potentially be at odds with the bulk material properties. For example, it
may be desirable to modify surface properties of PTFE for polymer
adhesion or modify a surface chemistry to improve bio compatibility.
Processing and Characterization of Aiiquid, SolidLiquid Methods of polymer surface modification will be presented that either
and AirSolid Interfaces Focus Topic enable or hinder the adhesion of a material to the surface.

Room 202A Session PC+AS+BI+EM+NS+PB48S Lithium ions generated during battery discharge may undergo interactions

. ial . f with components in or near the battery forming chemistries that may
Progress in Industrial Processes and Cluesization o degrade battery performance or material stability. For example, lithium

Interfaces and Ga$olid Interfacial Processes and ions are known to interact with silica caihing glass to form lithium

Characterization silicide. The formation of these silicides can degrade the hermetic seal of
Moderators: Jeffrey Fenton Medtronic, XiaoYing Yu Pacific Northwest ~ feedthroughs. One method of studying these interactions issitn
National Laboratory interfacial reactions characterization. This facile method of generating ions

in-situ can be leveraged to understand what reactions may occur at a
2:20pm PC+AS+BI+EM+NS+PB¥8&1 Near Ambient Pressure XPS as a suybstrate surface.

Standard Tool for True Nondestructive Highthroughput Surface
Chemical Analysis in Industrial Application&ndreas ThissenP. Dietrich,
SPECS Surface Nano Analysis GmbH, Germarijaervik, W.E.S. Unger,
Bundesanstalt tr Materialforschung und-prifung (BAM), Germany
INVITED
Since many decadesry excited Photoelectron Spectcopy (XPS) or

The application of surface characterization techniques such -aay X
photoelectron spectroscopy (XPS), Time of H&tondary lon Mass
Spectrometry (TOGBIMS), and Scannidectron Microscopy (SEM) provide
unigue insights into surface modifications and can help ensure the
reliability of medical devices. These techniques support the development

. A . and manufacturing of Medtronic products such as packing and perfusion
Electron Spectroscopy for Chemical Analysis (ESCA) is -aceeted g ices toimprove processing conditions, understand failure modes, and
standard method for noslestructive chemical analysis of solid surfaces. ¢, facetissue interactions.

Over the last years it has been possible to develop XPS instrumentation,

that can work far beyondhe standard conditions of high or ultrahigh 4:20pm PC+AS+BI+EM+NS+PB¥68&87 Ambient Pressure >Ray
vacuum: Near Ambient Pressure (NA®S, or ESCA under environmental Photoelectron Spectroscopy Studies of Catalytically Active Interfaces
conditions has become a method, that enters the field of standard surfaceusing Electron Transparent Graphene Merabes R. Mom, L. Frevdtritz
chemical analysis and thus also the industrial sector. The maioneas Haber Institute of the Max Planck Society, Germahy. Velasedelez MPI

this is the extremely fast solid surface analysis of any (degassing er nonCEC Miheim, GermanyT.E. Jones, M. PlodinétitzHaber Insitute of the
degassing) material. Furthermore the environmental conditions around the Max Planck Society, Germar. Scligl, MPI CEC Kheim, GermanyAxel
sample avoid strong surface degradation due to vacuum or photon KnopGericke Fritz Haber Institute of the Max Planck Society, Germany
stimulated desorption. Even duringdhanalysis the sample stays under its INVITED
equilibrium conditions. Last, but not least the surrounding gas pressures ofGreen production of hydrogen will be an important building block in the
a couple of mbar acts as buift charge neutralization on any type of transition to a carbn-balanced economy and could be realized by
material. This Environmental Charge Compensation (ECC) also decreasekectrolytic water splitting powered by cheap renewable energy sources.
the negative influences of the characterization on the sample constitution. Water electrolysis is currently limited by the oxygen evolution reaction
All this considered, NARPS is capable of true noestructive high (OER) and development of the associated catalysts is proceediny,sl
throughput analysis of sample surfaces. The influence of the ambientmainly due to missing descriptors for activity and stability of working OER
conditions on quantification in XPS wil Hemonstrated and discussed. catalysts. Herein, we contribute to that emerging field with in situ XPS and
After a short summary of the relevant development steps in &S NEXAFS on iridium anodes. In our in situ cell the catalyst is probed through
instrumentation over the last forty years, this presentation summarizes & graphene layer, vibh traps an electrolyte layer around the catalyst and
results of surface chemical analysis on insulating polymer samples, showingrovides electrical contact for separated iridium nanoparticles. In this way
the spectrscopic resolution for Cls, F1s and Ols emission lines as #€ enhance spectroscopic signal from the active surface relative to the

comparison for PET and PTFE. Using this, the application of ECC to bliklk of the catalyst and reduce mass transport peohé. In taking
insulators (polymeric materials, ceramics), food samples, pharmaceuticalsddvantage of these benefits, we found that the two welbwn oxidation

and different biological materials is demonstrate@ihe unique ability to ~ Waves occurring before the OER onset are connected to the development
measure liquids, like water or aqueous solutions allow for studies of dryingof two different types of electron deficient oxygen species, which are
processes of liquid containing materials, like paper or absorber materialsbound to one i) or two (1) iridium atoms. It appears that oxygen is not
and finally also opens the field to medical applications, especially to studiePNly acnor-innocent ligand, but rather a protagonist in the catalysis of

of drug uptake into grarmegative bacteria embedded in biofilms. the OER.

The last part summarizes methods to analyze materials and device undePuring the electrochemical reduction of oxygen, platinum catalysts are
working conditions. As examples reduction and reoxidation of catalytically Often (partially) oxidized. While these platinum oxscgre thought to play a

active compounds and operando electrochemjstwill be presented. An  crucial role in fuel cell degradation, their nature remains unclear. We
outlook to future industrial applications will be given. studied the electrochemical oxidation of Pt nanoparticles using in situ XPS.

ACKNOWLEDGEMENTS: This project has received funding from the EMEPﬁ sandwiching the particles between a graphene sheet and a proton

roaramme cefinanced by the Particinating States and from the European exchange membranthat is wetted from the rear, a confined electrolyte
prog . Y -pating P layer was formed, allowing us to probe the catalyst under wet
Union®@ Horizon 2020 research anchovation programme.

electrochemical conditions. We show that the behavior at the onset of Pt
3:00pm PC+AS+BI+EM+NS+PB¥8&83 Surface Madifications in the oxidation is influenced by the choice of proton exchange membrgeg,
Medical Device Field; Understanding of Methods to Control Adhesion  universally involves PtG@ormation. The oxidation process is fast: even bulk
and Reactions That Materials Undergdeffrey Fenton B. Theilacker, A. ~ oxide growth occurs on the sehinute timescale. Thus, our observations
Belu, B. TischendoiNjedtronic INVITED indicate that Pt@ may take part in the transient processes that dominate
Advances in materials chemistry have increased the need for deepPt €lectrode degradation.

understanding of processaterial interactions and their role in device or
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5:00pm PC+AS+BI+EM+NS+PB¥889 The Influence of Density and  surface. We will also present atorrgcale insitu movies on the surface
Chemical Bonding on Atomic and Molecular Structures of Alcohols, Water dynamics in palladium and platinum in various processing.
and OxidesGabor A. SomorjalUniversity of California at BerkelByMTED
Alcohol oxidation reaction over platinum nanoparticles with size ranging
from 2 to 8 nm deposited on mesoporous silica MJRwvas studied in the

as and liquid phases. Among methanol, ethaneprdpanol, and 2 . .
gutanol oxigationps, the turnovergfrequey increased eplsd?he nanopatrticle KandelUniversity of Notre I?ame .
size became large in both reaction phases. The activation energy in the ga|¥|°IeClJIar seLfass_empIy IS an attractive bo'tto.*mp approach 1o
phase was higher than that in the liquid phase. Wateradsorption nanostructure fabrication. Usmg_ molecules as bw_ld;t@ksf and caref_ully
decreased the turnover rate of all the gas and liquid phase oxidationstUN'N9 the noncoyalent intermolecular |nt_eract|0ns, _ umque
except br the gasphase 2butanol case, while certain amount of water nanostructure(_j arch|tectgres can be  designed. .leen the
promoted 2propanol oxidation in the liquid phase. Sum frequency structure/function re_latl_onshlp on th_e nanmnq _mes_escale, this bottom
generation vibrational spectroscopy (SFG) study and DFT calculatioffP approach t‘? deS'Q”'”g new archltgcture:cnmcgl in the <_:arefu| design
revealed that the alcohol molecules pack horizontally onrtietal surface of novel materials with desired cheml_cgl p_ropert|es. In this study, the !’ole
in low concentration and stand up in high concentration, which affects the of hydrogen bond donor/acceptor position in metastable cluster formation

dissociation of Hhydrogen of the alcohol as the critical step in alcohol is explored using scanning tunneling - microscopy (STM) with
oxidation.

complementary énsity functional theory (DFT) calculations. We observe a
metastable cyclic pentamer for isatin (dhktlole-2,3-dione) with DFT

Ice surfaces have water layers with thickness ranging from one monolayerproviding support for a cyclic structure stabilized by both NH...O and CH...O
at 100Kto 30 layers of 273K. At the interfaces of two ice cubes, ice Iayershydrogen bonds between neighboring molecules. Tht..© hydrogen

grow at the disappearing water interfaces (regelation). SFG studies 0fyong is made between the-osition proton acting as the hydrogen bond
water surfaces show three peaks in the vibrational spectrdiige OH, donor and the 3position carbonyl as the hydrogen bond acceptor, and
liquid like hydrogen bonded water, with lidilayer termination, and ice  cajcylations indicate that the isatin pentamer structure is 12 kJ/mol more
like water, with bilayer termination, with more hydrogen bonds. stable than the dimer onhie per molecule basis. To probe the importance
Most nanocatalysts are composed of highly dispersed transition metalof the CH...O hydrogen bond in stabilizing the isatin pentamer, we compare
nanoparticles on oxides. The interface between the metal nanoparticlesto isatin derivatives: we replace the-gsition carbonyl with a methyl
and the oxides playa crucial role in determining the catalytic performance group (3methyl 2oxindole), the 7position proton with a fludne (7

of nanocatalysts. Due to nesdiabatic electronic excitation, energetic fluoroisatin), systematically move the location of the hydrogen bond
electrons in metals can be generated during exothermic chemical donor/acceptor by one position, (phthalimide), and remove of the primary
processes. The energy barrier formed at the metabe interfaes leads to hydrogen bond donor (1;thdandione and 1,3ndandione). We show that
the irreversible transport of energetic, or hot, electrons. The dopants and cyclic pentamer formation is eithailtered or precluded as a result of these
impurities present on the oxides can generate additional charge carriers orsubstitutions. Additionally, the importance of CH...O bonding in forming
oxygen vacancies that affect the catalytic activity. The accumulations orisatin pentamers is supported by electrospray ionization mass
depletion of hot éectrons on the metal nanoparticles, in turn, can also spectrometry (ESVIS) measurements, which include a magicnber
influence the catalytic reactions. In this talk, we outline recent studies of isatin pentame peak, whereas the derivative molecules show little
the role of metal oxide interfaces and characteristics of fast charge transferclustering under the same conditions. This work is significant in
between metals and oxides that lead to icatibn of molecules at the  understanding the role that the position of the hydrogen bond
interface. The molecular ions produce-called aciebase reactions. The  donor/acceptor groups has on the resulting 2D supramolecular assemblies.
electronic configuration of metadxide nanocatalysts during catalytic

reactions will be introduced and its influence on heterogeneous catalysis

will be outined. Plasma Science and Technology Division
5:40pm PC+AS+BI+EM+NS+PB¥E&11 Atomic Scale Observation of Room 104A Session PS+EM+NS+B&\

Oxidation and Reduction of Palladium Surfac€akehiro Tamaoka H. Plasma Processing of Challenging Materials

YOSh'qa’ S. Takedasaka University, Japan ) Moderators: Michael Gordon University of California at Santa Barbara,
Reaction processes on metal surfaces under gas environment have beewei Tian Applied Materials Inc

investigated in various research fields such as catalysis, gas sensing, and

many more. Palladium is a wgkhown material which is used for hydrogen 2:20pm PS+EM+NS+9%A1 Selflimiting Growth of llinitride Materials
storage, hydrogen sensing, and exhaust catalysis. Therefore, the phaseia Hollow-cathode PlasmaALD: Structural and Chemical Analydiecmi
transition of palladium in hydrogen or oxygen has been extensively Biyikli, A. Mohammad, D. ShiakUniversity of Connecticut INVITED
investigated by means of environmental tranission electron microscopy  Plasmaassisted/enhanced atomic layer deposition (PALD) provides an
(ETEM). However, the oxidation and reduction process of palladium surfaceilternative route for the lowtemperature synthesis of Hitride thin films

6:00pm PC+AS+BI+EM+NS+PB¥8&12 Polymorphism of Hydrogen
Bonded Clusters at the Vacuu®olid Interface, Angela SilskiJ. Petersen,
University of Notre DameR.D. BrownClarkson UniversifyS. Corcelli, S.A.

at the atomic scale remain poorly understood. with submonolayer precision thickness control, ultimate three
Here, we investigated the surface structure of a wegigped palladium  dimensioral conformality, and largarea uniformity. On the other hand,
specimen in both hydrogen and oxygdly means of ifsitu atomic PALD synthesis of AIN, GaN, and InN films required relatively long plasma

resolution ETEM. Under ambient condition the surface of palladium isCo-reactant exposure durations (40 120 sec) to achieve sdifniting
oxidized by several nanometers. After introducing hydrogen (100 Pa) insurface saturation with minimal carbon impurgievhich directly correlates
ETEM, the native oxide layer (PdO) was reduced to metallic fcc palladiurthe effectiveness of the ligar@moval process. During such extensive
even at room tenperature. After exposure and exhaustion of hydrogen, we Plasma hakcycles, the plasma source itself is exposed to elevated
introduced oxygen (100 Pa) in ETEM. The palladium oxide was reproduce@mperatures and along with energetic hydrogen radicals, which resulted
and the ETEM results show that the oxidation started from step edges andn etching of comentional quartzbased inductively coupled plasma (ICP)
terraces and proceeded until the palladium surface wammpletely ~ sources. We have mitigated this problem by using a stairstesd based
covered by the palladium oxide. capacitivelycoupled hollowcathode plasma (HCP) source, which reduced

We also show that oxidation of palladium is dependent on the history of the' oxygen |mpur|ty levels at Igast two orders.of ”.’agd‘* n Ga.‘N films
- while increasing the average film grain/crystallite size of AIN films by one
hydrogen exposure. When the duration of hydrogen exposure was over 90

min., we found that the surface was not oxidized. This was not dueilto b order of magnitude.
hydrogenation as demonstrated by our electron energy loss spectroscopyJsing HCRssisted ALD (HGRD), we have grown the entire-fitride
(EELS) results. We performed similar studies for the surface of platinum iwide bandgap semiconductor family (AIN, GaN, INN}2&0°C substrate
oxygen after prolonged hydrogen exposure. However in platinum, the temperatures with singkphase hexagonal polyrystalline material quality.
oxidation of the surface was not sumssed. This suggests that the process However, there is still plenty of room and need for improvement in
for suppression of oxidation, after prolonged hydrogen exposure, exists formaterial properties before we can use these layers as active device layers.
palladium and not for platinum. A careful systematic study needs to teried out to achieve device quality
llIl-nitride films via HCRALD. In this talk, we will present an overview of our
CPALD efforts including our recent materials characterization results
obtained with a custordesign HCRALD reactor. A particular focugll be

From these results, we hypothesize possible processes that explain ho
the prolonged hydrogen exposure suppses the oxidation of palladium
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devoted to the structural and chemical properties of thenittide films the control of defects and achieving phases that are difficult to produce
and how they correlate with reactor parameters and plasma conditions. with other methods.

3:00pm PS+EM+NS+S8A3 Electrostatic Charge of Solutiedroplet in 4:20pm PS+EM+NS+9®A7 From Organometallic Precursors to
Plasmacoupled Micro ReactqrTae Hwan KimSW. LeelNational Fusion Bimetallic Nanocatalysts using Atmospherressure Plasma Processes
Research Institute, Republic of Korea Joffrey BanetonJ. Mertens, M. Smiljanic, S. Cauchies, T. Sddaieersié
Plasmaliquid interaction research has increased because of emerginglibre de Bruxelles, BelgiynY. BusbyUniversie de Namur, BelgiumG.
technological applications such as maaérisynthesis, plasma bio  Caldarella,Universié de Lege, BelgiumV. Debaille, S. Goddiniversit
applications,  environmental  applications, and  agriculture/food Libre de Bruxelles, Belgiurd:J. PireauxUniversie de Namur, BelgiumN.
applications. Recently, an important scientific breakthrough in the Job,Universi€ de Lége, BelgiumM.J. GordonUniversity of California at
understanding of the liquid reaction at the plastiguid interface that an ~ Santa BarbaraR.M. SankararCase Wesrn Reserve Universit§. Reniers,
electron transfer reactin at the plasmdiquid interface that leads to  Universi€ Libre de Bruxelles, Belgium

electrochemical reactions, which is referred to as the plasma Developing new technologies to produce energy while respecting the
electrochemical reaction [1]. Further evidence of plasma electron reaction environment is one of the important challenges in materials science. One
(PER) was observed that the electrons in plasma can be solvated in af the possible routes is the use of hgden fuel cells. Unfortunately, some
plasma electrochemical system [2]. limitations remain such as the electrocatalysis of the reduction of dioxygen
In this talk, we present a new reaction pathway in which pladimsd which requires a rare and expensive metal: platinum [1]. Therefore,
interaction can cause an electrostatic charge in a liquid and the Minimizing .|ts amount 'a't the cat_hode while maximizing its accessibility,
electrostatically charged solution can produce an electrochemical reaction.electroactivity and stability constitutes one of the main goal of current
The experiments were performed with our nbwdesigned plasma research. An |n_tqest|ng way cpn5|sts_ in the synthesis (_Jf'pIaHbased
coupledmicroreactor (PCM), which can control the ambient gas and alloys. Indeed, it is well known in the literature that combining two metals

initiate a rapid plasma electrochemical reaction. Helium¢éteplets and ~ '€@ds to the production of durablmaterials with higher activity [2].
liquid-droplets were formed, and microplasratioplets were ignited by Different routes can lead to the formation of bimetallic nanostructures
dielectric barrier dischary (DBD). The generated microplasdraplet can including wetchemistry, ultrasound processes or thermal evaporation. In
induce not only PER but also an electrostatic charge in a solution. Thehis catalogue of methods, atmosphepeessure plasma techniques are
charge of the solution by microplasrazioplet and liquiddroplet very attractive due to their versatility, rapidity and ease of use. In the

interaction can be affected by the type and amount of stabilizer, thdityc present research, two different kinds of reactors, a microplasma device [3]
of the solution, and the length of the electrodes used to form microplasma and radiefrequency plasma torch [4], have been used to study the
droplets. synthesis of bimetallic nanoparticles froacetylacetonate precursors. A
[1] C. Richmonds, M. Witzke, B. Bartling, S. W. Lee, J. Wainright, C. Liu’qgmplete chgmical and morphological characterization is provideq th_anks
Mohan Sankaran, Electrefransfer Reactions at the Plasiiguid to the comblned use of -ﬁy photoelectron spectroscopy, transmission
Interface. J. Am. CherSoc. 133, 175827585 (2011) electron microscopy, UVisible spectroscopy andrdy crystallography.

[2] P. Rumbach, David M. Bartels, R. Mohan Sankaran, David B. Go TRiferent experimental parameters can play a crucial role is the reduction
solvation of electrons by an atmosphegicessure plasma. Nat. Commun. Process of the organometallic precursors. For example, concerning the

6, 7248 (2015). microplasma system, the initial concentrations have a direct influence on
the size distribution and agglomeration whilgncerning the RF plasma
3:20pm PS+EM+NS+98IA4 Surfactantfree and StableColloidal Metal torch treatment, the nature of the plasma gas mixture can limit the

Oxide Ultrasmall Quantum Dots via Plasmauid Electrochemistry — production of nanoparticles or favor their anchoring at the surface of a
Dillibabu PadmanabanD. Carolan, R. McGlynn, T. Velusamy, P. Maguire,carbon support [5]. After optimization of the processes, electrochemical
D. Mariotti, Nanotechnology & Integrated BiBngineering Centre, Ulster measurements wereconducted to evaluate their activity, stability and
University, UK performances as catalysts for hydrogen fuel cells.

Metal oxides are materials of greamportance and interest with  The authors would like to thank the Walloon Region (HYLIFE project
exceptional chemical stability, tunable optical and electrical properties and, ne1410135 Energinsere program) for the financial support.

importantly, meeting cost and environmental requirements for a . ) .
sustainable future. For these reasons metal oxides nanoparticles are beinél] F. Maillard et al. In: Carbon materials for cataly20§), 429480.

investigaed for a very wide range of applications that include energy [2] Z. Lietal. Int. J. of Hydrogen Enefj1¢), 37, 1415214160.
harvesting and solar conversion and for exploiting nanoscale effects.[3] c. De Vos et al. J. Phys. D: Appl. PR§47) 50, 105206.

However, due to synthesis challenges, the properties of +gitrall and
quantum confined metal oxide nanoparticles, or quamt dots (QDs), are [4] D. Merche et al. Plasma Process. Polpdll), 13, 91104.
still very little understood while expected to offer exciting opportunities. [5] A. Felten etal. J. Phys. D: Appl. Pt3@07), 40, 7379.

Her:fa Ws bderr:onstlfatgdthlat tthehsyn‘thtess_tﬁf metatl_ OX'Ide ?DT (f:etlrr: be4:40pm PS+EM+NS+S8A8 Synthesis of Hydrogenated Amorphous
achieved by plasmiquid electrochemistry with exceptional control of the Carbon Nanoparticles using HigPressure CHAr Plasmas and Their

size distribution egn for particles well below 2 nm in diameter. Plasma Deposition Kazunori Koga S.H. Hwang, K. Kamataki, N. Itaga&jushu

md(;chd clhemlséry t'.mt'at?dh.a th:he tplgisnhmflld_éntlerface aII_ows‘ for tl’hapldl fUniversity, JapanT. NakataniOkayama University of Science, Jgpkh
and simple production of highly stable colloidal suspension in ethanol o ShirataniKyushu University, Japan

surfactant free metal oxide QDs, where a solid métdlacts as the metal . .
Q Nanostructure fabrication such as nanoparticles through botigm

precursor. We provide an overview of these capabilities for a range of rocesses is important in nanotechnologies due to their -siksted
metal oxides that include Cu, Ni, Co, Mo and Zn oxides. We then study i - P . 9 u .
gropertles [1]. Plasma is a powerful tool to produce nanoparticles. To

detail the synthesis mechanisms leading to cupric oxide (CuO) QDcontrol their size, pulsed discharge plasmas are commonly employed, but

providing a range of g@erimental evidence that clarifies chemical reaction + pulsed discharge p y employed, bu

pathways due to the plasma interacting with ethanol. For a better the plasmas have the limitation of the throughput. To realize continuous
) hproduction, we have developed a mditollow dischargeplasma chemical

understanding of the plasma chemistry, the process was also studied wit - ) .
different electrodes so to assess the impact of QDs formatidgharoverall vapor (_jepos_mon (MHI.DPCVD) methqd. We ha_ve succeeded In prodL_Jcmg
crystalline Si nanoparticles of 2 nm in size using hydrogen diluted silane

plasmaethanol chemistry. We have carried out extensive material . .

o L lasmas [2, 3]. Here we applied the method to synthesis carbon
characterization for the QDs and we have also analysed liquid products aP ricles. Th . i ied out by Ck-Ar MHDPCVD. GH
different conditions by Fourier transform infrared spectroscopy, ultraviolet hanoparticles. The experiments araraed out by ' ’ .
visible spectroscopy, nuee magnetic resonance, Maspectroscopy etc and Ar were injected into the reactor, flowed through hollows of 5 mm in

’ ’ ’ diameter in the electrode. The gas flow rate ratio ofs@Hd Ar was 1:6.

Our work points at the role of different species in the synthesis of QDs. W

believe thr;t some of these chemicalp pathways miy be general and he toFaI gas flow rate was 10 t(.) 200 scem . The pressure was kept at 2
applicable to the formation of other metal oxide QDs, however in some Tor. Discharges were_generated in hollows by apply_mg rf power of 40 W at
cases (e.g. for Moxide) we expect some deviations. Overall our work 13.56 MHz. Nanopar'tlcles are nupleated and grow in the discharges. They
discloses important general aspects of plasigaid interactions, in are transported outside of the discharges by the fast gas flow and the

. . : ’ h of the nanoparticles are stopped@hey deposited on TEM mesh
rticular when ethanol .Th f the properties of our metal 90t
particular when ethanol is used. The study of the properties of our meta grids set on the substrate holder 50 mm far from the electrode. From TEM

oxide QDs uncovers quantum confinementieets that can become measurements, spherical nanoparticles were deposited on the grid. The
particularly useful in many application and suggest exciting opportunities in » SP P P gnd.
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mean size decreases from 270 nm for 10 sccm to 20 nm for 120 sccm . Theregular porous surface produced by the physieslctiondominated

gas residencéime for 120 sccm is 1/12 of that for 10 sccm . The size for interactions. The mechanisms are not clearly understood yet. This study
120 sccm is 1/13.5 of that for 10 sccm . The results indicate that the size o&ims to elucidate the plasma characteristics and themical reactions in
carbon nanoparticles are controlled by gas residence time of nanoparticlescontact glow plasma electrolysis. A plasma fluid model is established to
in plasmas. Above 125 sccm, No nanopkatis observed on the TEM predict the discharge process with constraint conditions obtained from the
mesh. It suggests that deposition of nanoparticles depends on gas flonexperiments. The modeling reveals that the plasma is highly
velocity and direction on the substrate. electronegative, and the aminant neutral species are :Hand Q

[1] M. Shiratani, et al., J. Phys. D 44 (2011) 174038. dissociated from water vapor. The formation of textured surface is

[2] T. Kakeya, et al., Thin Solid Films 506 (2006) 288 attributed to the anisotropic chemical etching by the reactive species

generated in the plasmas.
[3] K.Koga et al., ECS Transactions 77 (2017) 17. ) o
6:00pm PS+EM+NS+981A12 Effects of Light lon Beam hdiation in

5:00pm PS+EM+NS+S8IA9 Antimony-doped Tin Oxide Nanocrystals Plasma Etching Processesazuhiro KarahashiT. Ito, H. Li, M. Isobe, K.
Synthesized by Low Temperature Plasm@inyi Chen E. Thimsen,  Mizotani, S. Shigen®saka UniversityJapan M. Fukasawa, A. Hirata, T.
WashingtonUniversity in St. Louis Tatsumi,Sony Semiconductor Solutions Corporation, JajganHamaguch,

For electrochemical applications, metatide materials are attractive as Osaka University, Japan

electrodes for reactions occurring at positive potentials in the presence of Gases containing hydrogen are widely used in microfabrication processes
water. Often, these metabxide materials function as an electrically  of electronic devices using plasma etching. For exantiB gas is used for
conductivesupport for a noble metal catalyst, and therefore must have silicon etching, hydrofluorocarbon gases are used for silicon oxide etching,
very high specific surface area. Among conductive rtale materials, and Hydrocarbotbased norcorrosive gases are used for transparent
antimony-doped tin oxide (ATO) stands out with its combination of: 1) high conducing oxides etching. Unlike other atoms, hydrogen is lighter in
chemical stability over a wide range of pH valaad reduction potentials,  weight, smaller in amic radius, and chemically reactive, so it has various
2) high electrical conductivity, and 3) abundant constituent elements. effects in the etching process. In order to precisely control the etching
Synthesis of ATO nanocrystals has been developed in liquid phase using s@action and realize nanometer order microfabrication processes, it is
gel and colloidal methods. However, peasithesis heat treatments are  necessary to clarify the effect of hydrogen. In thigdst, by comparing
required to activate the electron donors and increase the conductivity of various effects on etching processes between hydrogen and helium
ATO nanocrystal assemblies prepared using lighigse techniques, which  incident ions using molecular dynamics (MD) simulation and ion beam
may adversely affect the surface area and pore structure of the material. Inexperiments, physical and chemical effects by such light ion injection on
this work, we report on our efforts to synésize monodispersed, etching processes were evaludte

conductive ATO nanocrystals through a sirglep low temperature
plasma growth method without any post treatments. Precursor vapors of
tin and antimony were fed into a radiofrequency, fldlarough low
temperature plasma reactor. Threcursor vapors reacted to nucleate ATO

_nanocrystals. Thin‘ films compriseq Qf ATO nanqt_:rystals were thengiqiar manner in both cases of Bhd He ion injections, it is clear that the
immediately deposited by supersonic impact deposition of the aerosol enhanced diffusion is essentially caused by krmtleffects by incident
resulting from plasma synthesis. The resulting materials were characterizeqight ions. On the other hand, in the case of etching of ZnO, which is an
by avariety of methods to determine film thickness, porosity, nanocrystal ionic crystal, our beam experiments have shown that its crystal size

size, and elemental composition. Local electron concentration and mobilitydecreases by light ion irradiation usinggitane Xray diffraction (XRD) and

Wgh'” the nan(t)crystals \Ii|ve|rle f?ssessedd by Eoumns_fom: |nfrag_ed | Transmission Electron Microscopy (TEM) measurements. The reduction of
absorption spectroscopy. Hall effect waedsto characterize longitudinal 4 2iq 765 seems correlated with thedeetion of the physical sputtering

electrical Franspo_rt in the film. The nanocryste_ll growth mechanism in Fhe yield of the ZnO film.
plasma will be discussed with a focus on antimony dopant incorporation.

The effects of nanocrystal size on the transport properties of ATO thin filmsThe results above show the following two physical effects by irradiation of
will be presented. a substrate with light ions such as$ &hd He ;1) enhancement of diffusion

of heavy atoms deposited on the substrate s into i@ the bulk of the
5:20pm PS+EM+NS+98IA10 Femtosecond Laser Texturing of Plasma film and 2) decrease of grain sized of ionic crystalline substrate due to
immersed Ti to Create TilChisung AhnE. Barlaz, D.N. RuZiniversity of amorphization and recrystallization. The decrease of grain sizes, which
lllinois at UrbanaChampaign induce the increase in grain boundary areas may contribute to an increase
Pulsed femtosecond lasers have been used as a functionalization methodh sputering yield of the substrate.
for metal surfaces due to their ability to produce nanostructures uniformly
with easily controlled user inputs such spot size and exposure repetition.
Laser assisted nitriding of Ti in ambient nitrogen has previously beenReconfigurable Materials and Devices for Neuromorphic
demonstrated in our group to significantly reduce native oxides. A major Computing Focus Topic

challenge to the current process is the limited ability of the laser to .
produce nitrogen radicals. Room 203A Session RM+EM+NRIA

In this study, we investigate the effects of increased nitrogen radical l0OT Session: Reconfigurable Materials and Devices for
concentration on surface topography and chemical composition for Neuromorphic Computing

textured Ti metal. A secondary DC plasma is generated along the pathoderators: Gina Adam National Institute for R&D in Microtechnologies
length of the laser closto the sample surface in ambient nitrogen and (T Bucharest),Brian Hoskins National Institute of Standards and
under vacuum. The surface topography and chemical compositions of thetechnology (NIST)

resultant Ti coupons are analyzed by SEM and XPS respectively. Changes to

hydrophilicity are quantified using contact angle measurements. 2:20pm RM+EM+NSUAl Non-volatile Memories for Neuromorphic
Computing Alec Talin Sandia National Laboratories INVITED
Inspired by the efficiency of the brain, CM@&sed neural architectures

We have shown in this study based on MD simulation and ion beam
experiments that, when a Si surface exposed to an O radical flux is
simultaneously irradiated by an*Hr He ion beam, diffusion of oxygen
atoms into the Si film is promoted. Since the anbed diffusion occurs in a

5:40pm PS+EM+NS+98A11 Modeling Chemical Reactions in Contact

Glow Discharge Electrolysi®ocong ZhengM. Shrestha, K.L. Wang, T. 54 memristors are being developed for pattern recognition and machine
Schuelke, Q.H. Faﬁ.ﬂ;chlgan State Unlve.rsny. ) ) learning. However, the volatility, design complexity and high supply
Contact glow discharge electrolysis is becoming attractive for voltages for CMOS architectures, and the stochastic and ereostly
nanomaterials manufacturing and surface engineering. In this diSChargeSWitChing of memristors complicate the path to achieve the
electrolysis, an electrode is submerged in a liquid electrolyte and a plasmanterconnectivity, information density, and energy efficiency of the brain
is formed in a vapor layer around the electrode. The process combines thehsing either approach. In my talk, | will review the latesivances in
characteristics of electrolysis and plasma discharges, creatingeh®fgy  neyromorphic computing architectures based on deep neural networks
density plasmas that lead to imsive physical processes and chemical jmplemented using CMOS and memristors and describe the challenges in
reactions on the working electrode. The authors have found that the achieving both high accuracy and energy efficiency using these devices. |
physical processes and the chemical reactions could be decoupled undeyj then discuss an alternativepproach based on the nevolatile redox
certain conditions. In that case, a textured electrode surface could be memory (NVRM): a device with a resistance switching mechanism
created through a chemicateactiondominated process instead of an  fyndamentally different from existing memristors, involving the reversible,
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electrochemical reduction/oxidation of a material to tune its electronic together with its small effective size contributes to the energy efficiency in
conductivity. The first type of NVRM that | will describe is based upon the weightupdating (training). The imemory computing scheme in a crossbar
intercalation of ldon dopants into a channel of 44CoQ. This Lion breaks theon Neumann bottlenedBas the weights are stored locally in
synaptic transistor for analog computing (LISTA) switches at low voltageesach device during computing. The read out (inference) is finished in one
(mVs) and energy, displays hundredsdttinct, nonvolatile conductance clock cycle regardless of the array siaffering massive parallelism and
states within a 1V range, and achieves high classification accuracy whehence high throughput. The capability of using physical laws for computing
implemented in neural network simulatiohsThe second type of NVRM | in a crossbar enables direct interfacing with analog signals from sensors
will describe operates on a similar principle but is based on the polymerwithout energy hungry analog/digital conversions.

sysem PEDOT:PSS, and which we call the electrochemical neuromorphigye developed a Ta/hafmin oxide memristor with stable multilevel
organic device (ENOD@&) Plastic ENODes are fabricated on flexible
substrates enabling the integration of neuromorphic functionality in
stretchable electronic systems. Mechanical flexipilinakes ENODes
compatible with threedimensional architectures, opening a path towards
extreme interconnectivity comparable to the human brain.

resistance, linear current voltage characteristics in chosen conductance
ranges, in addition to high endurance and long retention. We further

integrated the memristors with foundrnade transistors into large array

We demonstrated that the reconfigurable memristor networks are capable

of analog vector matrix multiplication, and successfully implemented a
1) E. J. Fuller et al., Advanced Materials 29, 1604310 2017. number of important applications including signal processing, image

(2) Y. B. van de Burgt et al., Nature Materials418, 2017. compression and convolutional filtering. Walso built a multilayer

) . _memristor neural network, with which we demonstrated-situ and sek
(3) S. Agarwal et al., IEEE 2017 Symposium on VLS| Technology Digest g

. ptive learning capability with the MNIST handwritten digit dataset. The
Technical Papers, DOI: 10.23919/VLSIT.2017.7998164.

successful demonstration of analog computing angifn online training
3:00pm RM+EM+NSUA3 Anionic and Protonic Transfer Materials for ~Suggests thatthe memristor neural network is a promising hardware
ReRAM and Neuromorphic Computinglennifer Rupp Massachusetts  technology for future computing.

Institute of Techn'ology. . . I_NVITED 5:00pm RM+EM+NSUA9 Indium Phosphide Synaptic Device on Silicon
The next generation of information memories and neuromorphic computer 5, Scalable Neuromorphic Computingun Tao D. Sarkar, R. Kapadia,
logics in electronics rely largely on solving fundamental questions of masgniversity of Southern California

and charge transport of oxygen ionicefdcts in materials and their

structdres. _nge, understanding 'the defect _kinetics in the ;olid state synaptic behavior have been mimicked by the CMb@Sed neuronal cell in
material building blocks and their interfaces with respect to lattice, charge hardware, which contains -62 transistors depending on specific

carrier types and interfacial strains are the prerequisite to design new ¢ ionajity and the robustness of the desigowever, the higher energy
material properties beyond classic doplng. Throdgh this prgsentatlon bas'cconsumption and physical area have led researchers to look for
theoryl and model experiments for s_olld state 0_X|des th_elr |mpedances andarchitectures based on single device and novel materials.

memristance2, electrechemamechanics and lattice straif® modulations o o o )
is being discussed as a new route foming material and properties in ionic N our work, utilizing thirfilm vaporliquid-solid growth method, we
conducting oxide film structures up to new device prototypes based on faPricated scalable Indium phosphidiR) channel transistors directly on
resistive switching. Central are the making of new oxide film materials S/SiQwafer, which can emulate significant synaptic characteristics such as
components, and manipulation of the charge carrier transfer and defect lasticity, short and longterm plasticity, metaplasticity, spike number
chermistry (based on ionic, electronic and protonic carrier2)56, which ~ dependent plasticity and spike timing dependent plasticity, by niiade
alter directly the resistive switching property and future computing gate electrqde as thg preynaptic axon te_rmlna_l, the drain electrode as the
performances. A careful study on the influence of microstructure and POStSynaptic dendrite, and the gate oxigemiconductor channel as the
defect states vs. the materials” diffusion cheteristics is in focus. For this, Synapse junction, in which we also interpreted the FET channel
we suggest novel oxide heterostructure building blocks and shesitin ~ conductance as the synaptic weight.

spectroscopic and microscopic techniques coupled with electrochemicalWe also demonstrated that by controlling the charging and discharging of
micro-measurements to probe near order structural bond strength changes interfacial traps at the gate oxiégemiconductor stack, we can essentially
relative to ionic, protonic and electronic diffusion kinetics and the materials engineer hysteresis of the synaptic device to customize the synapse
integration to new optimized device architectures and computing behavior and modify the synapse weight Alamearly. It underpins optimal
operation schemes. selectivity of signal transduction and satisfies the key neuromorphic
1)Memristor Kinetics and Diffusion Characteristics for Mixed Anionic &rchitecture characteristic training and learn. Tuning hysteresis in a family
Electronic SrTiG8: The Memistor-based Cottrell Analysis Connecting ©f transfer characteristics in spike timing dependent plasticity (STDP)
Material to Device Performance F Messerschmitt, M Kubicek, S SchweigePMultion, we attain maximum potentiation (depression) for the minimum

JLM Rupp Advanced Functional Materials, 24, 47, 7448 (2014) > positive (negative) interval time, which gradually decays down to elasticity,
s we expected, indicating the scalable InP channel transistors on silicon as

romising devices and platformrfaeuromorphic computation.

Inspired by the superior capability of the brain, neuronal spiking, and

2)Uncovering Two Competing Switching Mechanisms for Epitaxial ancg
Ultra-Thin Stratium Titanatebased Resistive Switching Bits M Kubicek, R
Schmitt, F Messerschmitt, JLM Rupp ACS Nano 9, 11, 10737 (2015) > 5:20pmRM+EM+NS uAlOUltra-low Power Microwave Oscillators based

3)Designing Strained lonic Heterostructures for Resistive Swicthing Deviced? Phase Change Oxides as S@idte Neurons Boyang Zhao J.
S Schweiger, R Pfenninger, W Bowman, U Aschauer, JyMARuanced  RavichandranUniversty of Southern California
Materials, (2016) > Voltage or current controlled oscillators are wedltablished candidates for

4) The Effect of Mechanical Twisting on Oxygen lonic Transport in Soli olid-state implementations of neurons. Metal to insulator transition (MIT)

. . ) ased phase change electrical oscillators are one of the many candidates
State Energy_ConverS|on Membranes Y Shi, AH Bork, S Schweiger, JLM RHR’psolid-state neurons, but current implementations are far from the ideal
Nature Materials, 14, 721 (2015) >

performance limits of energy and time necessary to induce the transition.
5) A MicreDot Multilayer Oxide Device: l@tTune the Straifonic We propose the use of nanoscale, epitaxial heterostructures of phase
Transport Interaction S. Schweiger, M. Kubicek, F. Messerschmitt, C. Mureghange oxides such as ¥®bQ and oxics with metallic conductivity as a
J.L.M. Rupp ACS Nano, 8, 5, 5032 (2014) > fundamental unit of a low power electrical oscillator, capable of operating
6) How does Moisture affect the Physical propert of Memristance for as neurons for neuromorphic computing architectures. Our simulations
AnionicElectronic Resistive Switching Memofle§ Messerschmitt, M such that such oscillators can operate in the microwave regime and
Kubicek, JLM Rupp Advanced Functional Materials, 25, 32, 5117 (2015) > overcomemany of the power consumption issues plagued by phase change

. . ) electrical oscillators.
4:20pmRM+EM+NSuA7Memristor Neural Networks for Braidnspired

Computing Qiangfei Xia University of Massachusetts Amherst INMTED

As CMOS scaling approaches its limits, it becomes more difficult to keep
improving the speegtnergy efficiency of traditional digital processors. To
address this issue, computing systems augmented with emerging devices
particularly memristors, offer ra attractive solution. Memristors use
conductance to represent analog or digital information. The dynamic
nature of memristor with both longerm and shortterm memories,
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5:40pm RM+EM+NSuAll Leveraging Nanodevice Volatility for Low
Energy Computing Inspired from Natur@lice Mizrahj NIST/University of
Maryland T. Hirtzlin,Centre de Nanosciences et NanotechnologiBs
HoskinsNIST Center for NanodeaScience and Technolggy. Fukushima,
AIST A. MadhavanNIST Center for Nanoscale Science and Techndtogy
Kubota, S. Yuas&JSTN.B. Zhitenev, J. McClelland, M.D. StHéST Center

for Nanoscale Science and TechnoldgyQuerliozCentre de Naosciences

et Nanotechnologies, Francé. GrollielJMR CNRS/Thales INVITED
Artificial neural networks are performing tasks, such as image recognition
and classification, that were thought only accessible to the brain. However,
these algorithms run on trational computers and consume orders of
magnitude more energy more than the brain does at the same task. One
promising path to reduce the energy consumption is to build dedicated
hardware to perform cognitive tasks. Nanodevices are particularly
interesting because they allow for complex functionality with low energy
consumption and small size. | discuss two nanodevices. First, | focus on
stochastic magnetic tunnel junctions, which can emulate the spike trains
emitted by neurons with a switching rate thatrcéde controlled by an
input. Networks of these tunnel junctions can be combined with CMOS
circuitry to implement population coding to build low power computing
systems capable of processing sensory input and controlling output
behavior. Second, | turn to ifferent nanodevices, memristors, to
implement a different type of computation occurring in nature: swarm
intelligence. A broad class of algorithms inspired by the behavior of swarms
have been proven successful at solving optimization problems (for example
an ant colony can solve a maze). Networks of memristors combined with
CMOS circuitry can perform swarm intelligence and find the shortest paths
in mazes. These results are striking illustrations of how matching the
functionalities of nanodevices with relant properties of natural systems
open the way to low power hardware implementations of difficult
computing problems.
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Processing and Characterization of Aiiquid, SolidLiquid
and Air-Solid Interfaces Focus Topic
Room Hall B Session PC+AS+BI+EM+NS-83B4P

Processing and Characterization of Gaguid, SolidLiquid,
and GasSolid Interfaces

PC+AS+BI+EM+NS+PB¥681 Operando Photoelectron Spectroscopic
Study of Coppebased Oxide Semiconductor Interface with Water
Pitambar Sapkota S. PtasinskalJniversity of Notre DameA. Cabrera,
Instituto de Rsica, Pontificia Universidad ©kta de Chile

The quest fo suitable semiconductor photoelectrodes to build efficient

[1] M.J. Esplandiu, A. Afshar Farniya,Bachtold, ACS Nano, 9, 11234
(2015).

[2] K. Zhang, J. Fraxedas, B. Sepulveda, M. J. Esplandiu, ACS Appl. Mater.
Interfaces 9, 44948 (2017).

PC+AS+BI+EM+NS+PB¥883Chiral Modification of OxideSupported Pt
Surfaces: An #situ ATRIR Study Yufei Nj University of California,
Riverside F. ZaeraUniversity of California, Riverside

The synthesis of enantiopure compounds is of great significance to the
designing of pharmaceuticals and agro products. Possible methods for the
manufacture of enantiopure chemicals include the separation of racemic
product mixtures and reactions with othehiral chemicals, but perhaps
the most promising procedure is the use of enantioselective
heterogeneous catalysis. Chiral modification of catalytically active metals

and stable photoelectrochemical (PEC) cells for solar water splitting isSUch as Pt and Niis believed to be the most feasible approach to produce

continually growing in the material sciences and solar energy community.
Along with good stability in agueous media, sudiofoelectrodes should
have suitable ban@édges and bandap energies properly matching both
the water oxidationreduction potential and the solar spectrum,
respectively. Coppelased oxide semiconductors are promising candidates
fulfilling these criteriaput little is known about the interfacial properties of
these compounds with # under operational conditions. Therefore,
knowledge of their surface dynamics and interfacial reactions under
realistic conditions is essential to improve our understandingvafer-

chiral heterogeeous catalysts. In this context, the use of cinchona
alkaloidsmodified Pt for the hydrogenation of activated ketones has drawn
particular attention in the past few decades. A better understanding of
how these chiral modifiers work to bestow enantioseleity is still a
prerequisite for the design of such catalysts.

In this project, we have used attenuated total reflection infrared
absorption spectroscopy (ATIR) to investigate the details of the
adsorption of such cinchoralkaloid chiral modifiers orhe Pt surfaces of
supported catalysts in situ at the liqusblid interface. It was determined

splitting mechanism, as well as to increase the stability and efficacy of PE@at adsorption can be only observed afterpdetreatment of the catalyst.

devices. Ambient pressurerdy photoelectron spectroscopy was used to

A comparison study in terms of adsorption strength was carried out using

characterize the semiconductor surface and study the chemical reactionsnot only circhona alkaloids such as cinchonidine and cinchonine but also

occurring at the interface wfer the reaction conditions. In this study, thin
films of CuFegand CuFexGaO. composites were exposed to varioustH
pressures and temperatures. Water interactions with theb@sed oxide
surface and the electronic structures of the surface atoms vesauated

simpler alternatives such as {Ry (S)(b)-1-(1-naphthyl) ethylamine (NEA),
naphthylmethyl amine, and dimethyl naphthyl ethylamine.The adsorption
strength of the different modifier molecules wafound to be quite
different among those compounds. This is illustrated by the fact that

from the Cu 2p, Fe 2p, C 1s and O 1s photoemission spectra to identifguinoline can displace-NEA from Pt but not vice versa, for instance, and

surface species newly formed.

PC+AS+BI+EM+NS+PB¥682Interfacial Water in Silicorbased Catalytic
Motors, Jordi FraxedasK. Zhang, B. Sepulveda, M.J. Esplar@iatalan

Institute of Nanoscience and Nanotechnology (ICN2), CSIC and BIST, Spain,

X. Garcia, J. Llorcdnstitute of Energy Technolagi, Department of

by the observation that when Pt is exposed to a solution containing both
quinoline and SNEA only the quinolin@ signature peaks can be detected
by ATRR spectroscopy. The ordering of the modifiers studied in terms of
adsorption strength was found to correlate with their ability to chirally
dify the Pt catalyst during the hydrogenation ofsaturated aldehydes.

Chemical Engineering and Barcelona Research Center in Multiscale ScienEinally, it was found that NEA bonds to the metal through the nitrogen

and Engineering. Universitat Pétinica de Catalunya, SpaiV. Perez
Dieste, C. Escudelba Synchrotron Light Source, Spain

Selfpropelled motors that can hare¢ chemical energy from their
surroundings to convert it in mechanical energy are at the cutting edge of
nanotechnology for their appealing applications in e.g., environmental
remediation and nanobiomedicine. A full understanding of the propulsion
mechanisn is crucial to improve their performance and controllability.
Recently, a simple motor made of silicon and a noble metal that can
operate with visible light has been developed [1]. The photoactivation
mechanism and consequent motion is essentially basedhe formation

atom of its anime moiety, and not through the aromatic ring as commonly
believed.

PC+AS+BI+EM+NS+PBT¥6884 Wettability Behaviour of Synthesized
Carbon Nanosphereand its Application as a Photocatalys$onal Singhal

AK. Shukld)T Delhi, India

Superhydrophobic and superhydrophilic surfaces have been widely
investigated due to their diverse range of applications such ascéetfning,
microfluidic application in biotechnology, corrosion, Amflecting
coatings and microelectronic mechanical system etc. Here, a facile
chemical vapour deposition method is reported tbe synthesis of carbon

of electron/hole pairs. The holes are strong oxidizing agents for the Speae%anospheres (CNSs). Henceforth, the morphology s/athesized sample

in the fluid producing protons and the electrons can diffuse towards the
metal surface and participate in the counterpart reduction reaction. As a
result, a gradint of proton concentration is formed in the fluid which
buildsup an electric field driving the motion of the fluid through eleetro
osmosis. A mechanism that competes with the eleasmotic process is
based on diffusiorosmosis and is triggered by thedox decomposition

exclusively at the metal surface and is not light responsive. We have,

recently shown that it is possible to enhance/suppress one mechanism
over the other by tuning the surface roughness of the micromotor metal.
Thus, the actuation mech&m can be switched from ligitontrolled
electrokinetics to lighinsensitive diffusisosmosis by only increasing the
metal surface roughness [2].

We have recently performed near ambient pressure photoemission studies
of Pt/Si micromotor surfaces activateby oxygen plasma in water

is characterized using scanning electron microscopy (SEM) and
transmission electron microscopy (TEMj}raX diffraction (XRD), Raman
spectroscopy and FTIR sp®scopy are used to determine the phase
purity, chemical composition and presence of chemical bonds on the
surface of synthesized CNSs. TEM and SEM results reveal the presence of
CNSs with a diameter ranging from 50 nm to 400 nm. Raman spectroscopy
confirms the presence of disordered carbon and low graphitization, which
are also confirmed by TEM and XRD results. Optical properties-of as
synthesized CNSs is investigated by -WiB/ spectroscopy and
photoluminescence. Wettability behaviour of -agnthesized arbon
nanospheres is investigated by contact angle measurements. CNSs shows a

water contact angle of 132 which confirms the fabrication of

superhydrophobic carbon nanosphere surface. After the proper
explanation of wettability behaviour, it also discusgbe application of as

atmosphere at the NAPP endstation of the CIRCE beamline at the ALBgynthesized CNSs as a photocatalyst. As it is well known, catalyst enhances
synchrotron near Barcelona. We have usetype silicon substrates with  the chemical reaction rate without changing its properties. Therefore,
one half covered with a Pt film with a thickness of about 50 nm grown by various kind of catalysts has been developed for the purpose to enhance
both e-beam andsputtering deposition. The results reveal a chemical the catalysisfor environmental applications. Among different materials,
gradient at the Si/Pt edge with a reduction of the Pt species. The analysicarbonbased materials are widely used as a catalyst support due to their
has to carefully consider the photochemical reactions induced by the excellent properties. Considering these facts, the degradation of an organic
combined action of the impinging beam and the water camskd at the pollutant under UV light is discussed heréngsCNSs.

surfaces. The beam induced damage evolves in two regimes: an initial

preferential reduction of Pt4+ species and then the reduction of Pt2+

species, which increases the metallic character of the surface.
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PC+AS+BI+EM+NS+PB¥885 Thermally Driven Soligolid Li Transfer
into Nanostructured Ti@ Tiffany Kaspay T. Varga,Pacific Northwest
National Laboratory D.A. Shapiro,Advanced Light Source, Lawrence
Berkeley National LaboratanA. Martinez, Y. Shin, K.S. Han;Lee, S.
Thevuthasan, V. MurugesaPacific Northwest Natihal Laboratory

Due to their good chemical stability, strong oxidation capability, and
desirable lithium electrochemical activity, nanostructured titanium dioxide
(TiQ) anode materials have received considerable attention recently.
Decreasing the particlsize to 1620 nm can increase the electrochemical
capacity to 206800 mAhd. Furthermore, nanostructured Ti@nodes are
non-toxic and would be suitable for cost effective mass production. Among
the rutile, anatase, and brookite polymorphs of Fi@natase nanoparticles
have shown the best Li ion insertion properties and maximum reduction,
indicating increased Li ion intercalation into the material. Here, we have
synthesized 120 nm anatase Tidanoparticles and contacted them with
solid Li bis(trifluoromethanesulfonyl)imide (LiTFSI) as a function of
temperature to understand the chemical and structural effects associated
with thermally driven soliesolid Li transfer to, and intercalation in, TiO
nanoparticles. We have used a combination ofayx phobelectron
spectroscopy (XPS), Tietige scanning transmissionray microscopy
(STXM), Raman spectroscopy, and nuclear magnetic resonance (NMR)
spectroscopy to gain a fundamental understanding of the structural
evolution of Ti@nanoparticles during tintercalation. Our results indicate
that thermally driven soligsolid Li transfer to TiQ has occurred, and
altered the Ti@structure at the edges of the agglomerated nanoparticles.
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2D Materials Focus Topic
Room 201B Session 2D+AM+EM+N8eM

Dopants,Defects, and Interfaces in 2D Materials
Moderator: Eric Pop Stanford University

8:00am 2D+AM+EM+NS8VeM1 Carbon Doping of 2D Transition Metal
Dichalcogenides by Plasma Enhanced CYa&nfu Ly F. Zhang, S. Sinnott,
M. TerronesThe Pennsylvania State University

October 24, 2018

multilayer MoS. These surface treatmengthniques can be used for
fabrication of high performance graphene devices and Mgpfoelectronic
devices. Defect engineering of 2D materials holds a great promise in
engineering the 2D materials and fabricating advanced electronic devices
of 2D materials

9:20am 2D+AM+EM+N8VeM5 Modeling Defects and Electrealectron
Interactions in Lowdimensional Materials Daniel GunlyckeC.E. Ekuma,
U.S. Naval Research Laboratory

Doping of 2D transition metal dichalcogenides has been discovered to be While eah nanoscale structure in a lesimensional material can exhibit a

an effective way to tune thelectronic structure and modify the lattice
structure at the surface. Thetype and ptype doping of monolayer
MoS/WS; heterostructures may enable the fabrication of fiedfect
transistors of ultralow thickness. Plasma enhanced chemical vapor
depositim provides a stable and controllable approach for introducing
carbon dopants to monolayer W.8?hotoluminescence measurement
indicates that the band gap of@ped WSdecreases by 0.17 eV.
Corresponding first principles calculations provide the corretatietween
the position and chemical saturation of the carbon dopants and the

electronic structure of the system. To verify covalently bonded dopants, we

use Raman spectroscopyya§ photoelectron spectroscopy, and scanning
transmission electron microscopy examine the pristine sample and
carbondoped samples. SubsequerY Icharacteristics measurements

variety of properties, the odds are that it will be (1) sensitive to defects and
(2) strongly influenced by electreglectron interactions. The ratio of defect
sites to pristine sites nataily increases, as structures become smaller.
Electron localization can furthermore dramatically magnify the role of
defects. In lowdimensional materials, dielectric screening is generally less
effective, reducing the tendency for electronic interactisgadhecome
uniform across the sites in the materials. Despite the importance of both
defects and electroselectron interactions, the properties of low
dimensional materials are often investigated in the absence of one or the
other. This not only creates uerainty over the predictions but could
entirely miss certain physical phenomena, including insultdemetal
transitions. In this presentation, we will discuss a generatfirsiciples
based approach to explore realistic laimensional structures that

prove ptype doping and the energy band diagram. Finally, the mechanism explicitly accounts for both defects and electrelectron interactions [1]. It

associated with and, more importantly, the structypeoperty relationship
of chatogen doping are analyzed. The resulting new insights of transition
metal dichalcogeniddased heterostructures and alloys are discussed.

8:20am 2D+AM+EM+NSVeM2 Methoxy Formation Induced Defects on
MoS*, Duy Le University of Central FloridaP. Evans,University of
Nebraska Lincoln Z. HooshmandJniversity of Central Floridd.B. Rawal,
Oak Ridge National Laboratory.. Bartels, University of California,
Riverside P.A. DowbenUniversity of Nebraskkincoln T.S. Rahman,
University of Central Florida
Defects are known to play an important role in determining the chemical
properties of otherwise inert Maasal plane. Here we report our joint
experimental and theoretical study of the adsorption and reaction of
methanol onthe MoS basal plane to determine the factors that control
system reactivity. We find that exposure of the Mb&sal plane to
methanol leads to the formation of adsorbed methoxy and coincides with
sulfur vacancy generation and that the methoxy moietiesitid
molybdenum, not sulfur, while some adsorbed methanol is readily
desorbed near or slightly above room temperature. Our calculations also
suggest that the dissociation of methanol vighDbond scission occurs at
the defect site (sulfur vacancy), folled subsequently by formation of a
weakly bound k&5 species that promptly desorbs from the surface with
creation of a new sulfur vacancy, in great agreement with
photoluminescence and scanning tunneling microscopy data that show
clear evidence of the sulfacancy creation on the MeSurface, after
exposure to methanol [1].

is based around a generalized Anderson Hamiltonian and applies density
functional theory, as well as dynamical mei@ld theory. We will also
present electronic and opticakpperties of twedimensional materials
obtained using our method and discuss the potential for using defect
engineering for improved solar cell performance.

[1] C. E. Ekuma, V. Dobrosavljevic, and D. Gunlptigsjcal Review Letters
118 106404 (2017)

This work was supported by the Office of Naval Research, directly and
through the U.S. Naval Research Laboratory.

9:40am 2D+AM+EM+N8/eM6 PostSynthesis Modifications of Two
Dimensional MoSg or MoTe: by Incorporation of Excess Metal Atoms
into the Crystal Sucture, Paula Mariel Coelhp University of South
Floridg H. KomsaAalto University, FinlandH. Coy Diaz, Y. Mdniversity

of South FloridaA.V. Krasheninnikonstitute of lon Beam Physics and
Materials Research, Germariy. Batzill,University of South Florida
Modifications of MoSge and MoTe with metallic mirror twin grain
boundaries (MTB) in films grown by molecular beam epitaxy have been
previously reported [1,2]. The goal of the study presented here has been to
understand the formatioamechanism of MTB networks and apply this
gained knowledge for controlled modifications of these 2D materials. In a
combined scanning tunneling microscopy and density functional theory
approach we demonstrate that excess Mo can easiffusk into the
pristine MoSe or MoTe (but not into MoS) layer and cause crystal
modifications into Merich twin grain boundaries. Vapor deposited Mo
atoms are first incorporated by diffusing into interstitial (or sjiterstitial)

[1] P. Evans et al, J. Phys. Chem. C (2018). DOI: 10.1021/acs.jpcc.80b020%Fes. Then, furtheMo-atoms incorporate into the crystal structure to form

* Work supported in part by DOE grant-BE0207ER15842

8:40am 2D+AM+EM+NSVeM3 Defect Engineering of 2D Mateis for
Advanced Electronic DevicesGwanHyoung Lee Yonsei University,
Republic of Korea INVITED

triangular, Merich grain boundary loops. Only after a critical density of
MTBs is reached, Mo is #ionger absorbed by the 2BErystal sheet and
Mo-clusters start to form at the surface. The energstiand barriers for
Mo-incorporation is calculated by DFT and shows that the formation of
twin grain boundaries in the presence of excess Mo is favorable for MoTe

Two-dimensional (2D) materials have brought a great deal of excitement to ang MoSe, but not for Mo$ - in agreement with the experiment. The

nanoscience community with their attractiand unique properties. Such
excellent characteristics have triggered highly active researches on 2D
materiatbased electronic devices. New physics observed only in 2D
semiconductors allow for development of nes@ncept devices. Assembly
of 2D blocks foran der Waals heterostructures also provide a big
playground for engineers and physicists to investigate unprecedented
properties of 2D materials and fabricate msflinctional electronic

achievable dense netwoskof MTBs constitute a new Mach metallic
phase that may be used for controlled electric contacts or creation of
active sites in electrgatalysis [4] and thus adding new functionalities into
transition metal dichalcogenidbased materials and devices.okéover,
DFT simulations suggest that this mechanism for incorporation of transition
metals is not limited to Mo. This enables modification of the materials
properties by heteroatom dopants and initial experimental work

devices. However, atomically thin 2D materials, such as graphene and  demonstrates the incorporation of ttio Ti and V. \nterstitials in MoTe
transition metal dichalcogenides (TMDs), have only two surfaces at top andyye predicted to have a magnetic moment and magnetic hysteresis curves

bottom without a bulk so that they are very sensitive to environment. In

indicate the induction of ferromagnetism in MaTley doping the material

other words, properties of 2D materials can be altered easily by surface \yith less than 1% of V interstitials.

modification. In this talk, | wihow novel approach to fabricate high

performance 2D electronic devices by utilizing various surface treatments,

such as fluorination and hydrogenation of graphene and laydayer
oxidation of Mo When different types of defects, suchs® bonds and

REFERENCES:

[1] Ma Y, et al. (201Metallic Twin Grain Boundaries Embedded in MoSe
Monolayers Grown by Molecular Beam Epitak@€.S Nana1, 51305139.

vacancies, are induced on the surface of graphene, the electrical propertieg2] Coy Diaz H, Ma Y, Chaghi R, Batzill M. (2016) High Density of (Pseudo)

of graphene can be tuned. With mild plasma treatment, ¥ be
oxidized layeiby-layer and monolayer Mo$an be fabricated from the
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Periodic TwirGrain Boundaries in Molecular Beam Epit&tpwn \an der

Waals Heterostructure: MoB#MoS,. Appl. Phys. Letf.08, 191606.
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[3] Ma Y. et al. (2017) Angle resolved photoemission spectroscopy reveals of sulfur vacancies in W&nd for studying transforntan pathways for

spin charge separation in metallic MoSe2 grain boundary. Nat. Commun. 8,

14231.

[4] Tomasz Kosmala et al. (B) Metallic Twin Boundaries Boost the
Hydrogen Evolution Reaction on the Basal Plane of Molybdenum
SelenotelluridesAdv. Energy Mate2018, 1800031.

11:00am 2D+AM+EM+N8VeM10 Dry Cleaning and Doping of MXor
Contact EngineeringDaniil Marinov, IMEC, Belgiugm). LudwigIMEC & KU
Leuven, BelgiumD. ChiappelMEC, BelgiumE. Voronina, T. Rakhimova,
Skobeltsyn Institute of Nuclear Physics, Lomonodduscow State
University J:F. de Marneffe, |. AsselberghMEC, BelgiumS. De Gendt,
IMEC, KU Leuven, Belgium

Two-dimensional transition metal dichalcogenides (e.g. MO&S) are
promising materials for a number of electronic and optoelectronic
applicaions. Waferscale integration of these materials into sophisticated
devices requires atomiscale control of the processing steps such as

Mo-S complexes, including detailed transition probabilities.

11:40am 2D+AM+EM+N8VeM12 Magnetic Doping in 2D MBBrown-

MoSe/graphene  Heterostructures  Studied by  Photoelectron

Spectroscopy and Band Structure Imagifaxime Gay O.J. RenaulCEA

LETI, Fran¢eVT. Dau, C. Vergnaud, M. Jam@EAINAGSPINTEC, France
2D TMDCs present a unigue combination of electronic and mechanical

properties such as a direct bandgap, strong spinit couding and Kvalley
inequivalence, with an atomiscale thickness [1]. Introducing magnetic

phases into these materials opens exciting perspectives towards spin

control in magnetic tunnel junctions. To date, magnetism in 2D systems

was mostly studied by theetical calculations. Within the diluted magnetic
semiconductors model, transition metal atoms from the monolayer are

substituted by a few Mn, Fe or Co atomsA[R

Our study focuses on MdopedMoSe monolayers, grown by molecular
beam epitaxy on graphen and characterized by photoemission

deposition, etch, clean and doping. Reduction of the contact resistance is a techniques (XPS, kPEEM) coupled with observations at different scales

major roadblock towards demonstration diigh-performance devices.
Significant Schottky barrier at the mefisliX. interface as well as surface

(DRX, TEM). Before doping, we found that thplane lattices of graphene
and MoSeare aligned with each other and that a bandgap opens in the

contamination (e.g. by polymer residues) are the main factors contributing graphene around the Fermi level 8. After Mn doping, the obtained Mn

to the high contact resistance in fabricated Mdevices. In this study, a

insertion is measured up to 15% by XPS. The influence of Mn doping on the

fully dry cleaning and doping technique is developed with a particular focus band structure of MoS#graphene heterostructure will be presented and

on contact engineering.

We demonstrate that a remoteplasma is efficient for removal of organic
residues from MXsurfaces. However, sulfur can be also stripped from the

topmost kyer by reactive H atoms. The main challenge is thus to precisely
control the sulfur loss while maintaining the cleaning efficiency. At high
substrate temperature, a 200 nm PMMA layer can be fully removed

selectively to a single layer of WBithout damagng the 2D material (as

confirmed by photoluminescence measurements). At low substrate

temperatures significant -8acancy formation was observed. Surface
temperature is therefore the key parameter for controlling the reactivity of
H atoms on W5

Controllale formation of sulfur vacancies opens routes for substitutional
doping. After Hplasma strip, WSand MoS samples were exposed to a
flow of molecular gases ICO, OCS) without igniting the plasma. It is
shown that Gland OCS can react with; ldlasmatreated MX forming
stable surface groups. Bitu conductive AFM measurements confirm that

discussed.
REFERENCES
[1] Manzeli, S.et al. Nat. Rev. Mater. 2, 17033 (2017).

[2] Mishra, R., et al. Phys. Rewv.®ondens. Matter Mater. Phys. 8&5L
(2013).

[3] Zhang, K., et al. Nano Lett. 15, 668691 (2015).

[4] Singh, N. & Schwingensigl, U. ACS Appl. Mater. Interfaces 8, 23886
23890 (2016).

[5] Dau, M. T., et al. Appl. Phys. Lett. 110, 11909 (2017).
[6] Dau, M. T., et al. ACS Nano 12, 3, 23331 (2018).

Extending Additive Manufacturing to the Atomic Scale

molecular doping prevents the loss of conductivity (that is observed after Focus TOpiC

Hz plasma alone). Moreover, OCS and &lposure enhances electrical

current injection n the material through grain boundaries and edges. The

latter effect is beneficial for contact resistance reduction onMX

Room 102B Session AM+NS+S8eM
Nanofabrication with Focusedtlectron Beams (8:600:00

To gain a deeper insight in the observed surface phenomena, DFam)/Atomic Scale Manipulation with Focused Electron

simulation of the interaction of atomic (H, Cl, F) and moleculaiS(CGE&)
species with MXsurface was performed.-@&cancy creation by atomic
hydrogen via formation of gas phaseSHwas observed in simulations, in
qualitative agreement with the experiments. Moreover, dissociative
adsorption of Gland OCS in-&cancy ies is predicted by the DFT model.

Dr D. Marinov has received funding from the European Uaiblorizon
2020 research and innovation programme under the Marie Sklodowska
Curie grant agreement No 752164.

11:20am2D+AM+EM+NS$VeM11 Deep Learning for Atomidly-Resolved

Beams (11:00 ari2:20 pm)
Moderator: Ondrej DyckOak Ridge National Laboratory

8:00amAM+NS+S8/eM1 3D NanePrinting via Focused Electron Beams:
An Emerging Technology for NelvApplications Harald Plank R. Winkler,
J. Sattelkow,Graz University of éichnology, AustriaJ.D. FowlkesQak
Ridge National LaboratoryP.D. RackUniversity of Tennessee Knoxville
INVITED
3D-printing of functional structures has emerged as an important
technology in research and development. While being reliable on the micro

Scanning Transmission Electron Microscopy Experiments on 2D Materials and submicron scale, the extension to the nanoscale is still a challenging

Maxim Ziatdinoy S.V. KalinirDak Ridge National Laboratory
Understanding fundamentatomic-scale mechanisms behind solid state
reactions and phase transformations is critical for optimizing functional
properties of technologically relevant materials. Recent advances in
scanning transmission electron microscopy (STEM) have allowed to

task. Among the very few direwtrite techniques on that scale, focused
electron beam induced deposition (FEBID) is one of the promising
candidates as this technology allows fahtion of functional nano

structures on almost any material and substrate morphology in a single

step process. Based on strong fundamental progress in recent years, FEBID

visudize dynamic processes in solid state systems, induced by thermal or was demonstrated to be capable of fabricating complex, freestanding 3D

chemical stimuli or electron beam, on the level of individual atoms and
single atomic defects. However, while there have been multiple STEM
studies on materials structure evolution, theaterialsspecific knowledge
on the kinetics and thermodynamics of these processes and atomic
potentials is almost nowxistent, which is mainly due to the inherent
limitations of the current (semimanual image analysis techniques. Here
we demonstrate an jgproach based on deep convolutional neural
networks for automated analysis of dynamic STEM data from 2
dimensional materials, such as monolayer Nfader ebeam irradiation.
Our approach allows to create a library of atomic defects, explore subtle
atomicdistortions around the defects of interest and map chemical
transformation pathways on the atomic level. We specifically show how
the developed framework can be used for extracting diffusion parameters

Wednesday Morning, October 24, 2018 43

nano-architecures with individual branch diameters down to 20 nm.
Together with the increasing availability of precursors with different
functionalities, FEBID is advancing from a versatile research tool into a
predictable and reliable 3D narminter, which opens up ew
opportunities for advanced applications.

In this contribution, we start with the basic principles oflignensional
printing via FEBID, complemented by simulations for deeper insight into
the fundamental processes that are operative. In the following, we present
a variety of 3BID based proeof-principle studies to demonstrate the

capabilities of this direewrite technology. This ranges from scientifically
oriented applications, such as plasmonics, magnetics and-nmaehanics

toward industrially relevant concepts for scanning probe microscopy
related tip fabrication, such as electrical, thermal and optical 3D nano
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probes. Finally, we overview some of the remaining challenges and provide insulating matrix. Charge transport in nageanular metals is dominated
an outlook on future activities. by tunneling. From this it is apparent that they might be suitable materials
for strainsensing since the tunnel coupling has an exponential dependence
on the intergrain distance which is altered under strain. However, charge
transport in nanegranular metals does not only depend sensitively on the
inter-grain distance. The avaga grain size and the dielectric properties of
the insulating matrix as well as the material properties in close proximity to
the nanagranular metal are equally important. The corresponding

8:40am AM+NS+S8/eM3 3D Nanoprinting using an Electron Beam:
Simulations and QCwmputer-aided Design Jason Fowlkes Oak Ridge
National Laboratory R. Winkler,Graz Centre for Electron Microscopy,
Austrig B.B. LewisCarl Zeiss Microscopy, LL®B. FernandePacheco, L.
Skoric, D. Sardernandez,University of CambridgeM.G. Stanford, E.
Mutunga, P.D. RaplUmversﬂy of Tennessedd. PlankGraz University of electronic parameters that determine the charge transport regane the
Technology, Austria INVITED inter-granular tunnel coupling, the charging energy of a single grain and the
The deposition of complex 3D nanoscale objects with prescribed geometry giglectric function of the matrix material. It is the interplay of these

and function constitutes a major goal of nanoscience. Additive assembly is yarameters and their tunability that leads to the large application domain
the ideal approach to efficiently deposit 3D materials. Focused electron of FEBIEbased sensing

beam induced deposition (FEBID) isremistfree, directwrite method

suitable for the additive deposition of materials on both planar and 11:00amAM+NS+S8/eM10 Single Atom Scale Manipulation of Matter
nonplanar surfaces. During FEBID, a focused electron beam is scannd®y Scanning Transmission Electron Microscofyephen JesseO. Dyck,
along the substrate surface inducing the deposition and condensation ofS.V. KalinifOak Ridge National Laboratory INVITED
absorbed preursor molecules, often an organometallic, delivered locally Fabrication of atomic scale structures remains the ultimate goal of
by an insitu gas injector. Until recently, 3D deposition using FEBID wasnanotechnology. The reigning paradigms are scanning probe microscopy
mostly a trialand-error exercise lacking a reliable framework to deposit a (SPM) and synthesis. SPM assembly dates to seminal experiments by Don
wide range of geometries. Eigler, viho demonstrated single atom manipulation. However, stability and

A design environmen specific to beam induced deposition will be throughput rem_ain issue_s. The mole_cula_r ma}chines app_roach harnesses the
presented that has enabled the deposition of complex, 3D nanoscale mestPOWer synthetic chemistry to build individual functional blocks, yet
style objects spanning nanometer to micrometer length scales. A Strategies for structural assembly remain uncentai

complementary 3D simulation of FEBID provides a predictive capability thatn this presentation, | discuss research activity towards a third paradigm
aides in the design of more complex 3D deposits. The purpose of thighe use of the atomically focused beam of a scanning transmission electron
design/simulation capability is to generate the primary electron beam microscope (STEM) to control and direct matter on atomic scales.
coordinates and beam exposure dwell times necessary for the Traditionally, STE® are perceivednly as imaging tools and beam induced

experimental deposition of 3D mesh objects, with a reztuiéll factor, i.e., modifications as undesirable beam damage. Our team and several groups
geometries required for the design of metamaterials, Igagpect ratio worldwide have demonstrated that beam induced modifications can be
sensors/actuators and/or nanomagnetic/optical lattices. more precise. We have demonstrated ordering of oxygen vacancies, single

The simulation reveals that precursor surface diffusion and electron beamdeféct brmation in 2D materials, and beam induced migration of single
induced heating, in particular, an impose unwanted mesh object interstitials in d_|amond like lattices. What is remarkable is that these
distortions if not properly accounted for. This general rule applies for changes often involve one atom or small group of atoms, and can be
several precursors under picoampere, millisecond beam exposure usingnonitored reaitime with atomic resolution. This fills two out of three
typical local precursor fluxes consistent with high vacuum SCanningrequm.ements for gtorr_uc fabrication. I_ will introduce several examples of
electron microsope operation. Compensation for these influences can be Peaminduced fabrication on the atomic level, and demonstrate how beam
applied in either the CAD phase, as geometric distortions, or through thec0ntrol, rapid image analytics, better insight through modelling, and image
introduction of exposure pulsing which acts to mitigate the development of @nd ptychogaphy based feedback allows for controlling matter on atomic
transient mass/heat gradients. The role of simidatin design will also be ~ €vel-

explained in the context of the proximity effect due to scattered electrons, This research is supported by and performed at the Center for Nanophase
specifically their role in inducing unwanted deposition. Simulation results Materials Sciences, sponsored at Oak Ridge National Laboratory by the
are limited to cases where complementary experiments converge with Scientific User Facilities Division, BES DOE.

simulated predictions in terms of the final deposit geometry and the

electrical current collected dynamically during deposition. 11:40amAM+NS+S8/eM12 Single Atom Modification of 2D Materials:

Fabrication and Electronic StructureDemie Kepaptsoglou F. Hage,
9:20amAM+NS+S8VeM5 2D/3D Naneprinted Functional Structures for ~ SuperSTEM Laboratory, UK Susi, J. Kotakoski, J. Meyémjversity of
Application and Device Development using Focused Electron Beams Vienna, Austria Y.C. Lin, K. Suenagdational Institute of Advanced
Michael Huth Institute of Physics, Goethe University, Frankfurt am Main, Industrial Science and Technology (AIST), Jdpddardcatle, University of

Germany INVITED Leeds, UKU. Bangert,University of Limerick, Republic of IrelandA.

Focused electron beam induced deposition (FEBID) is a-diriéletmethod Amani, H. Hofsaessniversity of @ttingen, Germany Q. Ramasse,

for the fabrication of nanostructures whose lateral resolutidrals that of SuperSTEM Laboratory, UK, United Kingdom of Great Britain and Northern

advanced electron beam lithography but is in addition capable of creating Ireland INVITED
complex threedimensional nanerchitectures even on nestandard The past deade has seen incredible progress in the ability to isolate and

materials and surfaces. In FEBID, a precursor gas adsorbed on a substratenanipulate twedimensional crystals. Due to their unique structure and
surface inside of a scamy electron microscope is dissociated in the focus dimensionality, it is possible to confine charge carriers in two dimensions,

of the electron beam. This implies a conceptual similaritgctventionadi resulting in peculiar physical, chemical aetéctronic properties. Such
3D printing. However, more than anything else it is the intrinsic material novel properties can be further controlled and tuned through defects such
properties of FEBID structures which give this tegheiits particular as single atom dopants, interfaces, etc. This defect engineering takes place
strength and relevance when compared to other ndabrication quite literally at the atomic level, where a combination of low voltage
approaches. In this regard, the realization of novel, custaiored sensor scaming transmission electron microscopy (STEM), electron energy loss
concepts is exemplary for the various developments in FEBID that led to aspectroscopy (EELS) aalHinitio calculations provides not only the most
growing number of scidific contributions in solid state physics and powerful means of characterization, but also a unique tool for
materials science over the last decade. manipulating the single atom structures and engingbeir electronic

In this talk an overview is given of the application of FEBID structures for Interaction with the host matrix. This approach was recently used to
nano-sensing of force and strain, dielectric changes or charge accumulatioriémonstrate that low energy ion implantation (of dopants such as N and B)
in the environmat of the sensor element, as well as magnetic stray fields. &N be successfully implemented to introduce single substitutional defects

Singleelectron charging and proximity to a metak-insulator transition with excellent retetion rates and without affecting the structural integrity
form a common ground from which the design and realization of a desired ©f the surrounding  graphene matrix. ~Atomicatgsolved EELS

sensor functionality are accomplished, as is tbegibility to finely tune the experimental data reveals the bonding signature of the dopants themselves
sensof signato-noise ratioin situ and their impact on the surrounding latticédb initio calculatons, in

excellent agreement with the experiment, confirm the nature of the
excited states being probed by the EELS experiments and the electronic
structure reconfiguration of the doped material around the single atom
dopants. Results directly confirm thpossibility of tailoring the plasmonic

The essential part of the sensor functionality based on FEBID structures is
the microstructure that results if metadrganic precursors are used in the
writing process. In many instangemno-granular metalgesult, i.e.,
nanometersized metallic particles are formed that are embedded in an
Wednesday Morning, October 24, 2018 44 8:00 AM
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properties of graphene in the ultraviolet waveband at the atomic scale, a 8:20amAS+NS+S¥WeM2 Looking Deeper and Smaller: Enhancing XPS by
crucial step in the quest for utilizing Gt properties toward the Hard Xray Probes and Highesolution Imaging Olivier Renault CEA/LET]I
development of plasmonic and optoelectronic devices. The gentle STEMJniversity Grenoble Alpes, Francg€. ZborowskiUniversity of Southern
observdion conditions can also be used to controllably drive the diffusion Denmark J:-P. RueffSynchrotron SOLEIL, L'orme des Merisiers, France

of substitutional dopants through single layer graphene, one atomic jump Yamashita, S. UedaNIMS, Japan G.A. Grenet,Lyon Institute of

at a time. Atomically precise manipulation with STEM relies on recentNanotechnologyfrance S. TougaardJniversity of Southern Denmark
advances in instrumentation that have impealthe instrumentSstability X-ray photoelectron spectroscopy (XPS) has become a mature technique
and their beam positioning abilities. While momentum transfer from highly with a widespread use spanning from fundamental research to R&D labs. In
energetic electrons often leads to atom ejection, interesting dynamics canparallel, the intrinsic complexity of materials and systems to be analyzed by
be induced when the transferable kinetic energies are comparable to bondXPS has increased. Some of the htidh of XPS are of concern if a Ron
strengths in the material. For instance, a combined experimental and destructive, norinvasive analytical protocol is the key issue. These are,
theoretical study revealed that for Si dopants manipulated in the STEM byespecially, the poor lateral resolution and the poor bulk sensitivity, making
60keV electrons these jumps are not due to impacts on the Si atom, but toimpossible the analysis of microscopic features and buried irtesfan a
subthreshold impact events on the surroumg C atoms. This approach reliable way.

suggests that STEM could emerge as an alternative method for the direc‘

n this contribution, we review the capabilities of current and novel
assembly of nanostructures.

techniques to get into: (i) high lateral resolution and guantitative micro
analysis using spectroscopic imaging implemented -bgyXPhotoElectron

. . L Emission Microsapy (XPEEM); (ii) high depth sensitivity offered by Hard X
Applied Surface Science Division ray Photoelectron Spectroscopy (HAXPES), coupled or not with inelastic
Room 204 Session AS+NS+S¥eM background analysis to futher enhance information depth up to nearly 100

Beyond Traditional Surface Analysis nm-

Moderators: Mark Engelhard Pacific Northwest National Laboratory,
Kathryn LloydDuPont Corporate Center for Analytical Sciences

We will highlight the capabilities of each techunés by different practical
examples in the field of 2D materials [1] and device technology [2, 3],
emphasizing particularly the perspectives offered by novel laboratory hard
8:00am AS+NS+SWeM1 Solar Wind Interaction with Carbonate  Xray sources [4].

Deposits on Asteroid (1) Ceres' Surface: The Role of Surface Analysis in [1] H. Kim, O. Renault et al., Physical Review B, 2016. pA(B1401.

Laboratory Planetary 8ence Catherine DukesG. Rodriguez Lopez, C. Bu, J1P. Ri . R | | Applied Surf . 2017. 402: b. 7
University of Virginia [2] P. Risterucci, O. Renault et al., Applied Surface Science, 2017, 402: p. 78

Bright deposits of anhydrous carbonates across the dark background of ) ) 85. )
dwarf-planet Ceres have been identified by D&MIR spectrometer with [3] C. Zborowski, et al., Applied Surface Science, 2018. 432(Part A): p. 60
a composition that varies from natrite with minor amounts of ammonium 70.

bicarbonate within the Cerealia and Vinalia Faculae to magnesite, calcite,  [4] O. Renault, E. Martinez, et al., Surf. Interface Anal. 2018 (in press).
and dolomite in other higlalbedo regios [1]. These deposits are expected

to derive from the agueous alteration of volatintaining silicates, 8:40am AS+NS+SWeM3 Reenvisioning Amphiphilicity: Translating Cell
forming a viscous brine below Cefbslid crust. Hydrated salts from this ~ Membrane Design Principles to Synthetic 2D Materiahelley Claridge

reservoir are deposited on the planetary surface by extrusion through ~ Purdue University INVITED

verts or coejected by jets of suisurface water ice. Water loss in the 2D materials such as graphene exhibit unique electronic and mechanical
material occurs with exposure to the low pressure environment on Ceres  Properties that promise substantial advantages in applications ranging
surface as a function of exposure time, even at temperatures < 240 K [2]. from nanoelectronics to human health. Such interfaces are often

functionalized noncovalently with lyirdown phase of functional
molecules to avoid disrupting electronic structure within the basal plane.
Interfacial structures have commonly been characterized down tersub
scales using scanning probe techniques such as STM, either in vacuum, or

at a solidliquid interface with a nonpolar liquid (e.g. octadecene).
However, molecules used in this approach are often structurally similar to
amphiphiles such as fatty acids and phospholipids found in biological cell
membranes, suggesting possible utilityaiqueousenvirorments. At the
same time, the overall surface chemistry is strikingly different than that of

the cell membrane- in essence, the surface chemistry is that of a

Unprotected from the impacts of solar gaes, cosmic rays, and
meteorites, anhydrous salts undergo chemical and physical change (space
weathering), which can be remotely identified by optical reflectance. The
effect of solarwind ions on carbonates can be simulated in the laboratory,

and the orrelation between surface composition and morphology with
optical change can be used to infer physical processes occurring on airless
planetary bodies. We investigate the stability of carbonates and measure
systematic darkening with 4 keV s fluence a potential geologic
chronometer for Cereright deposits.

Carbonate powders are pressed into pellets, then introduced into vacuum repeating crossection of a lipid bilayer, with both hydrophilic and
(10°Torr) and cooled to ~110/200 K. hydrophobic components exged, forming a striped amphiphilic structure
An externalbeam from an FIR is used to perforrim-vacuoreflectance with sub-10-nm periodicity.
measurement. Spectra were acquired at varied fluence, equivalent to solar  As 2D materials are integrated into hybrid materials and devices, this
irradiation of ~300 30,000 years at 2.8 A.U. Changes in surface noncovalent amphiphilic interfacial structure raises two classes of
composition and molecular chemistry were istigated byin-situ X-ray significant questions requiring interfacihalysis{1) How do noncovalent
photoelectron spectroscopy (XPS). lying-down ligand layers respond to solution or thermal processinghat
Blueish luminescence of sodium carbonates with isl@bserved. VislIR are the best ways to probe controlletisorderingacross scales from nm to
darkening (~80%) of natrite (B@Q)occurs after 1&He cn¥, with mm at an interface with a polar liquid? If ligand dynamics vary with
reddening of the visible spectral slope. Similar dankgris noted for 1.35 strudure, to what extent can design principles from the cell membrane be

um, along with attenuation of carbonate overtones. Concomitant XPS  invoked to control chemical functionality and reactions at the interfa(@?
measurement shows a reduction of carbon and oxygen, with enhancement ~ Can noncovalenthadsorbed layers be patterned to template further
of sodium. Exposure of the darkened sample to 10,008C0vidpor results interactions with the environment?Lyingdown phases of phospholipids
in brightening to > 80% and fatty acids present-im-wide stripes of ordered chemical functional
groups, suggesting the possibility of controlling processes such as
crystallization, phase segregation, or analyte binding. We examine these
s questions, agin developing approaches to characterize interface structure
across the range of relevant length scales, and invoking structural design
principles from the cell membrane.

lon-induced darkening of Cer@satrite deposits is expected to occur on a

time-scale of 100 1000 years, and can be reversed by exposure to water

vapor. For deposits of varied albedo, this suggests that the brightest area:

are the most recent depositsr the most recently exposed to water.
[1] DeSantis et al. (2016) Nature 536;54

[2] Bu et al. (2017) Icarus doi.org/10.1016/j.icarus.2017.12.036 9:20amAS+NS+SWeMS Microstructural Effects on Surface Potential of
Amorphous SolidVater, Caixia By C.A. Duke&Jniversity of Virginia
Amorphous solid water (ASW) formed by vapor deposition on substrates
<~130 K is of interest for its abundance in EQrtlppper atmospére, icy
planetary bodies, and throughout the interstellar medium, as well as its use
as model material in many disciplines. Two crucial characteristics of ASW
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are a selinduced negative surface potential and formation of nanopores 11:00amAS+NS+SWeM10 Optical Constants Measured for Iridium and

[1]. Here, we examinehe role of microstructure, including nanopores, on Samarium by Reflection Electron Enertpyss Spectroscopy SpectraiHao

the spontaneous surface potential of ASW, and describe the Yang H. XuUniversity of Science and Technology of ChikeSulyok, M.
complementary experimental techniques used, which have application for Menyhard,Institute for Technical Physics and Materials Science Centre for
other microporous solids. Energy Research, Hungarian Academy of Sciences ;(MAJokesi,
ASW films were deposited by directed vapor beaomio a Hecooled InstituFe for_NucI_ear Res_earch, Hungarian Academy of Sciences (ATOMKI)
quartzcrystal microbalance (QCM) under utmgh vacuum. The  Z-J- Dinguniversity of Sciercand Technology of China

integrated pore volume (porosity) was calculated by combining the areal The optical properties, as one of the most important physical properties of

mass measured via QCM and thickness measured byvidible materials, arouse a continuous interest of researchers. Accurate
interferometry. The integrated surface areaaw indicative by the  measurement of optical data by optical methods in a photon energy range
abundance of incompletely coordinated surface water molecule®)tn up to 100 eV ist#l insufficient as special experimental conditions are

the pores, using the ® dangling bonds (DBs) measured byIFET required during the measurements in vacuum ultraviolet regionga@V).
spectroscopy. Arin-situ Kelvin probe measured film surface potential. A In recent years a wedstablished technique based on the reflection
long-distance optical micrscope monitored film morphologyn vacuo electron energy loss spectroscopy (REELS) has beeropledeb obtain

Annealing effects were investigated by heating the film at 1.8 K/min. optical constants in a rather wide range of electron energy loss. The REELS
method does not require a complicated process for preparation of samples

and the incident electron energy is usually around a few keV. However, the
REELS spectrumuadly contains not only bulk excitation but also surface
excitation. To remove the surface excitation effect from the REELS
spectrum in data analysis, Da et al. [1] have developed a reverse Monte
Carlo (RMC) method for the derivation of the energy losstion (ELF)
which is directly related to optical constants of a solid.

The magnitude of the negative surface potential {JMncreased linearly
with film thickness at rates fjV/nL|) that decreased with increasing
growth temperature (§= 10;110 K), keeping deposition angle ‘at= @
(angle between vapor beam and QCM normal); gt B0 K, the pvs/nL|
decreased with increasing (= 1G75°). ASW porosity showed no
dependence onglat * = @, but increased significdly with increasing .
The HO DBs decreased/increased with increasig ,Tshowing similar
trends as the fVy/nL|. Upon heating, the most striking result was that the In the present work, reflection electron energy loss spectra of Ir and Sm
DB at ~3720 chh (from two-coordinated HO) and the |\ had similar were measured at several primary energies ranging from 0.5 keV up to 2
temperaturedeperdent evolutions. By correlating all measurements, we keV and in a wide enerdgss range. Pgtrystalline Ir and Sm samples
propose that the observed intrinsic ASW surface potential results fromWere cleaned by Ar+ ion bombardment. To minimize the surface

aligned incompletelcoordinated HO on the pore surfaces [2]. roughening and damage, glancing incidence angle df8h respect the
surface normal and low projectile energy of 1 keV were applied with the

rotated sample durig the sputtering. Cleanliness of surface was checked
by continuous detection of main Auger peaks of C and O. A reverse Monte
Carlo simulation was performed to extract ELFs of these metals from
context of Griffith theory ad estimate the tensile strength of ASW to be expznmental REEL_ispt;ctra. AII_the ELIFS have_produEed ITEE(?SrB? h
2540 MPa [3]. good agreement within the experimental uncertainty. The relia ility of the
obtained optical data has been confirmed by applying the TheRithie
We acknowledge support from the NASA LASER Program. Kuhn (fsum rule) and the perfeeicreening sum rules gum rule). The
[1]Raut et al.,J. Chem. Phyi27, 204713 (2007); [2]Bu et all, Chem. good agreement indicatehiat RMC treats accurately the surface excitation

Phys143 074702 (2015); [3]Bu et aBppl. Phys. Left09, 201902 (2016). effect which is well removed from the final ELF. Comparisons of our data
with other sources from experimental measurements are given.

The |4 decreased abruptly when ASW thickness exceeded a crititiaé va
(L), and cracks appeared in the optical images of the films. JheHi5 um
(Tg=1G50 K;' = (g55°), increased with gland* , suggesting dependences
on the microporous structure. We explain such dependences of the

9:40amAS+NS+S¥WeM6 Speciation and Reactivity of Organic Matter in
Uranium Mine Wastes from LagunraNew Mexico: An Application of
Surface Sciences in Environmental Syster@armen A. Velascd.M. Alj,
University of New MexigoC. OsburnNorth Carolina State UniversjtK.
Artyushkova, 8. CerratoUniversity of New Mexico

The ceoccurrence of organic matter and uranium in the Jackpile Morrison Reference:

formation, New Mexico was investigated using spectroscopy, microscopy, [1] B. Da, Y. Sun, S. F. Mao, Z. M. Zhang, H. Jin, H. Yoshikawa, S. Tanuma,
and water chemistry techniques to better understand the effects of organic and z. J. Ding, J. plpPhys. 113, 214303 (2013).

matter on uranium (U) binding from abandoned U mine wastes. Samples

were collected from the Jackpile Mine (JRgw Mexico. The mean

The work was support by the National Natural Science Foundation of China
(No. 11574289) and Special Program for Applied Research on Super
Computation of the NSFGuangdong Joint Fund (2nd phase) under Grant
No. U1501501.

11:20am AS+NS+SWeM11l X-Ray Photoelectron Spectroscopy and

concentration of acid extractable content for mine waste from the JP was Electrical Modeling of Electrowetting on Dielectric - Device®inar

2.61+0.09% U. Results from microprobe mapping sgghat U particles ~ Aydogan Gokturk Bikent University, TurkeyB. Ulgut, S. SuzeBilkent

are surrounded by carbon (C) inclusions, while results from XRF analysesUniversity, Turkey _ ) _ _

showed 2.78% (JP) carbon (C). Loss on ignition (LOI) analysis showed th&tlectrowetting on dielectrics (EWOD) is a process of changing the contact
19.90£0.95% of organic carbon within the samples. Thermal gravimetric angle of a droplet sitting on the dielectric covered electrode by the

analysis (TGA) stwthe maximum weight loss between 1Wand 505C, application of external electric field. In majority of the electrowetting
confirming that change on mass after the LOI is likely due to the loss of €xPperiments reported in the literaturewater or aqueous salt solutions are
organic content of the samples. Analyses using XPS suggest that change$/sed and ambient medium is either the air, or another immiscible liquid

occur on the C binding and U oxidation state after modifytine pH in like oil. In this study, for the first time two neaqueous liquids; (i)
batch experiments. Emission Matrix (EMM) identified hustid and polyethylene glycol with an average molecular weight of 600 Da, and (ii)
fulvic-acid like components present in the organic matter comprised in the DEMETFSI ionic liquid, both with low vapor pressure and volatility, are

mine waste, which is consistent with the organic functional groups used as droplets in the UHV chamber of amayx photoelectron
detected by XPS. These findingsgrsj that uranium minerals are possibly ~ Spectrometer (XPS) with traditional electrowetting on dielectric device

complexed carboxylic functional groups from huraitd fulvic like geometry. With the experimental determination dracing the electrical

substances. This study identified the relevance of considering the binding Potential developments on and around the droplet, using the shifts in the

of U and C in mine wastes to better understand U mobilization in the ~ binding energy positions of peaks coming from the liquid and/or the
environment. substrate, under imposed AC and DC electrical fields, we are aiming to shed

light on the numerous models employed for simulating the electrowetting
phenomenon. Additionally, using XPS and incorporating real capacitors and
resistors, we mimic and check on the commonly used models used for
simulating the electrical behavior of the EWOD systemssiBte and
accepted electrical circuit models are also used to simulate the XPS data.

*This work was awarded the best talk award at the 2018 NMAVS
Symposium (Albuquerquiglay2018)
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11:40amAS+NS+SWeM12 Near Ambient Pressure XPS Study of Oxygen quantum dots (QDs) in a carbeoich matrix. We disogered that the

Binding to the Surface of Transition Metaltrogen-carbon precipitation conditions of the bacteria can be tuned to produce NPs with

Electrocatalysts for Oxygen Reductio. ArtyushkovayYechuan ChenP. bandgaps that range from quantugonfined to bulk CdS. We determined

Atanassovlniversity of New Mexico the photoelectrochemical properties and energy band structure of thin
The most promising class of platinum group mdtae materials for films prepared from these NPby electrochemical measurements. By
oxygen reduction reaction (ORR) is based on grapHéecarbon taking advantage of the organic matrix, which is residual from the

containing nitrogen and transition metal (MNC). It is well established that biosynthesis process, we fabricated a prototype phobarged capacitor
nitrogen coordination with metal in the carbon network of MNC materials electrode by incorporating the bacterially precipitated CdS with a reduced
is directly related to ORR activity; howevere tixact nature of the active graphene oxide sheet. Furthermore, we show the programmable, three

sites is still debated even after over 50 years of research. dimensional (3D) material fabrication using pattdanming bacteria
growing on top of permeable membranes as the structural scaffold. When

the bacteria are equipped with an engineered protéiat enables the
assembly of gold (Au) nanoparticles into a hybrid orgarecganic dome
structure, the resulting hybrid structure functions as a pressure sensor that
responds to touch. We furthermore show that the response dynamics are
determined by thegeometry of the structure, which is programmable by

The mechanism of oxygen reduction reaction in meiaogen-carbon
(MNC) catalysts has been studied by a combination of spectroscopic and
theoretical structureto-activity studies. Using inhibitors that have unique
spectral signatures and have strong binding to the active sites allows
elucidating the relationship between the chemistry of active sites and its

activity.
. y ) the membrane properties and the extent of circuit activation. By taking
We will report laboratorybased and near ambieipressure (NAXPS) advantage of this property, we demonstrate signal sensing and processing
analysis for series of electrocatalysts belonging tdNFearbon families. X using one or multiple bacterially assembled structures. ®ark provides

ray photoelectron spectroscopic analysis of the interaction of complexing the first demonstration of using engineered cells to generate functional
agents based on phosphonate aimdsitumonitoring of oxygen binding to hybrid materials with programmable electronic properties and
metakfree actve sites provides an important insight into the reaction  yrchitectures for energy conversion, energy storage, and for signal sensing
mechanism. The effect the nitrogen chemistry and the type of iron on the 54 transduction.
oxygen binding was investigated by NAPXPS under an oxygen environment
at operating temperature of the fuel cell. Preferentiadygen binding to 9:20am IPF+A$BI+NSNeM5 Surface Chemistry and Surface Analysis:
different types of nitrogen and iron moieties in presence and absence of Their Importance and Application in Industrial Genomjdsiona Black

inhibitor was followed by spectroscopic changes in friggolution nitrogen lllumina Inc. INVITED
photopeak. Understanding the genome has the power to revolutionize health.

. . . However building robust and scalable tools to interrogate single base
12:00pm AS+NS+SWeM13 Surface Chemistry .Of Scand|unM|chaeI variants with high robustness requires a system level approach to integrate
Brumbach D.A. Casalnuovo, E.V. Barnat, C. Winters, D. Robinson Brown, g face patterning and activation, biosensing, and imaging. This talk wil
C.S. Snow, A.M. Grill&iandia National Laboratories _ review how micrepatterning, bioanalyticatontrols, surface analytical

Manipulation of metal surface chemistry through vacuum gas dosing has  (echniques and measurement tools are applied in an industrial setting to
been demonstrated for many years. Additionally, ex sitippration develop and manufacture cutting edge systems for sequencing and
methods, ion sputtering, and/or in vacuo thermal treatment are all known genotyping applications

to change surface properties through oxidation, removal of oxide, change
in microstructure, altering contaminants, or other mechanisms. While ~ 11:00am IPF+AS+BI+N&eM10 Design and Evaluation of Organosilica
these studies have been performiéor decades, there are few examples of Nanosensors for Continuous Molecular Monitoring in Complex Biological
these experiments for pure scandium films. Furthermore, few examples of Environments Simon CorrigMonash Univ., Melbourne AU INVITED
dosing clean scandium surfaces under vacuum have been published. In this Continuous monitoring of biomarkers in biological environments is a key
work, scandium films were treated with UV/ozone ex situ cleaning, ion  challengefor the development of biosensors capable of providing-teaé
sputtering, and thermal treatment under UHV. These surfaces were then feedback. Sensors capable of continuous pH monitoring have already found

exposed to different gases in the millitorr pressure range for extended applications in detection of bacterial infections and have potential for
periods of time. An optical emission spectrometer was used to monitor the  aiding in treatment of dynamic diseases. Mparticle basedoptodest
composition of the dosing gas. Surfagesre analyzed before and after have emerged as sensitive and tuneable biosensors, using

dosing. In concert with the gas analyses, the changes in surface chemistry chromo/ionophores to generate analyspecific changes in fluorescence
of scandium could be correlated to the dosing species. This work discusses spectra in a dynamic and reversible manner. Current key limitations of
the Xray photoelectron peak fitting of scandium and the changes in these materials include leachgrof reagents from the nanoparticles over
chemisty that can be observed through surface exposures. time, combined with poor colloidal stability in biological fluids.

Sandia National Laboratories is a multimission laboratory managed and Organosilica is a promising material for developing stable biosensors,
operated by National Technology & Engineering Solutions of Sandia, LLC, aallowing simple control over size, interfacial chemistry and porosity. This

wholly owned subsidiary of Honeywell International Inc.,tfer U.S. presentation will describe the development of a ceteell nanoparticle
Department of Enerdg National Nuclear Security Administration under  containing a mixture of covalently incorporated sensitive (shell) and pH
contract DENA0003525. insensitive (core) fluorescent dyes. Attachment of datiling polymers is

used reduce aggregation and lafing in biological media. Fluorescence
analysis of the nanoparticles reveals that the shell/core fluorescence ratio
Industrial Physics Forum is highly sensitive to pH over a physiological range with the response time

. <1s. The sensitivity and dynamic range can be tuned by vanateyial
+AS+BI|+
Room 1018 Session IPF+AS+BI+N&M properties of the shell (primarily thickness and porosity). We will present

IoT Session: Bioanalytics, Biosensors and Diagnostics our latest results on the application of these nanosensors for continuous,
Moderators: Anna Bely Medtronic, Saly McArthur, Swinburne University reaktime monitoring, including in bacterial cultures, subcutaneous mouse
of Technology and CSIRO ctattoos," and in 3Chydrogel scaffolds.

8:40am IPF+AS+BI+N&eM3 Harnessing Bacteria for Fabrication of 11:40am IPF+AS+BI+N§eM12 Optoregulated Biointerfaces Aranzazu
Photoelectrodes and Pressure Senspks Feng, K.E. Marusak, Y. Cao, E. del CampoINM-Leibniz Institute for New Materials, Germany INVITED
Ngaboyamahina, J. Glass, L. Yatefan Zausoér, Duke UniversityNVITED Cells interact with their microenvironment by engaging nieame
Conventional methods for material fabrication often require harsh reaction  receptors with complementary partners at the surrounding matrix or at
conditions, have low energy efficiency, and can cause a negative impact on other neighbouring cells. These receptor complexes, often associated to
the environment and human health. In contrast, structured materials with ~ cytoskeletal structures, allow exchange of biochemical and mechanical

well-defined physical and chemicaroperties emerge spontaneously in information. The ability to quantifyhis exchange is crucial for our
diverse biological systems. However, these natural processes are not understanding of cellular behavioru and responses to external factors.
readily programmable. By taking a synthdtiology approach, we Using model bionterfaces with optoregulated interaction possibilities,

demonstrate a method for the fabrication of semiconducting, transition Sselective membrane receptors in living cells can be addressed in situ, i.e. on
metal nanoparicles (NPs) with tunable bandgap and useful photoelectric & nsor surface, while quantifying specific cellular responses.-Light
properties, through bacterial precipitation. Surface analytic measurements  regulated tools to apply and sense cell biochemical and mechanical
revealed that our bacterially precipitated CdS NPs are agglomerates of interactions will be presented.
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MEMS and NEMS Group In addition to the thickness constraints for MEMS integration, often MEMS
Room 202B Session MN+NS+PR8eM devices are realized through unique release psses and are dependent

on high temperature anneals. The most common release process is a
IoT Session: Multiscale Manufactuign Enabling Materials  hydrofluoric acid (HF) based release to selectively remove supporting oxide
and Processes films and preserve the Si features that make up the MEMS components.
Moderators: Susan BurkeftThe University of Alabam&oya Maboudian The necessity to_relm s'tructure in sel.ective etchants presents additional
University of California, Berkeley challenges for integrating TSVs with MEMS components. We have

overcome this challenge through the integration of additional capping
8:00amMN+NS+P8VeM1 Miniaturizing 3D Printed Microfluidics: State layers which are selectively removed after the MEMS release. In ¢oder
of-the-Art and Outlook Greg Nordin Brigham Young University INVITED accommodate the need for high temperature anneals we have removed
While there is great interest in 3D printing for microfluidic device the use of metal in the MEMS device and instead used doped silicon. The
fabrication, the challenge has been to achieve feature sizes that are in theCu TSVs are then integrated with the device after all the high temperature
truly microfluidic regime (<10G>m). The fundametal problem is that anneals are complete, making direct efiécal contact to the doped Si. In
commercial tools and materials, which excel in many other application this work, we present our integration approach for mating Cu TSVs with
areas, have not been developed to address the unique needs ofdoped Si MEMS contacts and our plating approach for superfilling=8i75
microfluidic device fabrication. Consequently, we have created our own deep, 100>m wide TSVs.

stereolithographic 3D printer anthaterials that are specifically tailored to  Thisg paper describes objective technical results amalysis. Any subjective
meet these needs. We show that flow channels as small asri& 20>m views or opinions that might be expressed in the paper do not necessarily

can be reliably fabricated, as well as compact active elements such asepresent the views of the U.S. Department of Energy or the United States
valves and pumps. With these capabilities, we demonstrate highly Government.

integrated 3D printed microfluidic devices that measure only a few
millimeters on a side, and that integrate separate etupworld interfaces
through high density interconnects (up to 88 interconnects per square mm)
that are directly 3D printed as part of a&wce chip. These advances open
the door to 3D printing as a replacement for expensive cleanroom
fabrication processes, with the additional advantage of fast (30 minute),
parallel fabrication of many devices in a single print run due to their small 9:20am MN+NS+P8VeM5 Scaling from Die Level to Full 150 mm Wafer
size. TSV Filling through Fluid Dynamics Modeling and Current Controlled

8:40amMN+NS+PSVeM3 A Novel Inkjet Printing Technology Based on Deﬁosmlc;rg EZFG” B(_a\ca 'IVIBb JO“’?”' L. Menk, K. Musick, P. Yeh, AE.
Plasma Conversion of Met@8alt Based Inks for the Fabrication of Ho O_We Sandia National Laboratories . .
Microfabricated SensorsY. Sui, R.M. Sankara@hristian Zorman Case In this work we have developed a novel methanesulfonic acid (M&#ed
Western Reserve University electrolyte with a single suppressor additive for filling 200 diameter 675
Inkjet printing is a leading additive manufacturing method to produce >m deep through silicon vias (TSVs). Contrary to copyenﬂonal-three
patterned metal thin films on flexible substrates. The most commoskd additive sy;tems_we have achleve_d_ b°“°’T‘ up super filling of t_h_ese large
inks consist of colloidal nanapicle suspensions that employ organic TSV.S W'_th asingle suppressd_dmve. This bottom up Super filling .
molecules to stabilize the nanoparticles from agglomeration and mechanl_sm is dependent on a strict balance between applied potential and
precipitation. High temperature (>200) treatment is used after printing d d'ﬁl_f"on of bgth slupprctiafrslor mﬁlzpu:es elln?z?uns. The_bott(:m up |
to remove the insulating organics and sinter the nanoparticles. The thermal eposition was developed through die level plaling experiments on sample
step can limit printing on polymers such as PDMS, paper, and other 5|zes_apprOX|mater 1 We con_trol the solution re_plemshment by .
temperature-sensitive substrates. Moreover the selection of metals is connecting the sample, both electrically and mechanically, to an aluminum

limited by those available in nanoparticle suspensions, with the most rod and rotating th? sample n SOIUt'O.n' The rotation rate is dlrectl_y
popular being Ag correlated to the velocity of solution movingrmss the opening of the vias

) . o and therefore related to the solution replenishment inside the TSVs. At first
In this paper, we present the development of an-jek printing process 4 potentiostatic approach was used to supply a sufficient potential to break

Sandia National Laboratories is a multimission laboratory managed and
operated by National Technology & Engineering Solutions of Sandia, LLC, a
wholly owned subsidiary of Honeywell International Inc., for the U.S.
Department of Enerdg National Nuclear Security Administration under
contract DENA0003525. SAND205812 A.

that uses a partickree, stabilizeifree ink and lowtemperature plasma to down the suppressor with a reference electrode in our plating cell.
produce electrically conductive metallic patterns on temperataessitive Mapping the current, during deposition allowed us to develop a
substrates. The inks are comged of a metal salt, a solvent, and a viscosity galvanostatic plating process.

modifier tailored to enable printing using a Dimatix DMP3000 series
printer. The asprinted structures are treated with a loyressure argon
plasma which serves to convert the metal dadised structures to etal
structures with conductivities that approach bulk values. To date, we have
demonstrated the process for Sn, Pb, Bi, Cu, Pt, Ag, Pd, abdsed inks.
The plasmareated structures exhibit a high degree of porosity that can be
as high as 70%, makingem particularly well suited for use as active
elements in microfabricated sensors. The extended paper will present
details pertaining to the printing process, material characterization and
testing of mechanical, chemical and biological sensors fabricayethis
printing process.

Experiments were performed to scale this plating process to be compatible
with production level electroplating tools. The fluid dynamics and applied
current are sigificantly different on production plating tools. The tools do
not come equipped with reference electrodes and in some cases, they have
multiple anodes for current partitioning to control the uniformity of the
electric field. Further, the wafer rotates abbihe center of the wafer and
baffles are integrated into the tool to control the uniformity of a fountain
type fluid replenishment system. With the wafer rotated about its center,
there is a large variance in the velocity of fluid at different radii atbeg
wafer. In this work, we present a set of scaling experiments performed on
die with incremental increases in sample size to clearly map the die level
9:00amMN+NS+P$8VeM4 Full Wafer Thickness Through Silicon Vias for  plating parameters to a full wafer plating tool and achieve uniform TSV
MEMS DevicesAndrew Hollowel] E. Baca, D. Dagel, M.B. Jordan, L. Menk, filling across a 150 mm wafer.

K. I\./Ius.ick, T. Pluym, J. McCl&andia National Labora.ttories. . This paper describes objective technical results and analysis. Any subjective
A sigricant amount of development has been achieved integrating TSVs views or opinions that might be expressed in the paper do not necessarily

with standard silicon (Si) substrates; however, there are unique challengesrepresent the views of the U.S. Department of Energy or the United States
associated with integrating TSVs with MEMS substrates. Industry has Government.

achieved TSV integration through a dependencesubstra_te thinning, a Sandia Nationaldboratories is a multimission laboratory managed and
TSV reveal approach. However, often these MEMS devices depend on th% erated by National Technology & Engineering Solutions of Sandia, LLC, a
thickness of the substrate for controlling the radius of curvature of the P Y oy 9 9 ' '

. - wholly owned subsidiary of Honeywell International Inc., for the U.S.
ts:cbhsr:glléeg’y S(lgCSMﬁTW;hrglég\;]c}ﬁﬁnsarﬁ'::It;iplt?;hatr cr:#tlrtg:evoefl thﬂeE’:‘/llj d Department of Enerdg National Nuclear Security Adminigtee under
L . : . " contract DENA0003525. SAND20:5813 A.
kinetics during the electroplating process and the ability to balance the
diffusion of Cé*and organic suppressor molecules throughout the depth of
the via in order to realize a voidee fill of the TSVIn this work we have
extended the filling model for 68m deep TSVs, developed by Tom Moffat
and Dan Josell, up to 628n deep TSVs.
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9:40am MN+NS+P8V/eM6 Batch Level Electroless Under Bump
Metallization for Singulated Semiconductor DiMatthew Jordan E. Baca,
J. Pillars, C. Michael, A.E. Hollowgdindia National Laboratories

Multi projectwafers (MPWSs) allow multiple customers to share the cost of
a manufacturing run from an advanced semiconductor foundry. This offers

a costeffective solution for low volume the fabrication or prototyping of

application specific integrated ciits (ASICs). This practice is especially
appealing for those in academia or government that often only require
small quantities of devices for research or niche applications. With many

products on a wafer, all the products must adhere to the same stdsign

rules. In practice this means that the final metallization is made using AlCu.
This presents challenges for advanced packaging of MPW die as AlCu is not
compatible with conventional flip chip solder because of oxidation of the

AICu metal. Further coplicating the integration of MPW die is the fact

that they are singulated prior to delivery, preventing the use of lithography,

and thus ruling out the deposition and patterning of soldempatible
metals over the AICu. This leaves the use of electrgldsig schemes to
prepare MPW die for 2.5D/3D die stacking.

We propose a batch process to facilitate MPW die processing through the
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AFM operation with exquisiteesolutions at sukangstrom vibration
amplitudes.

11:40am MN+NS+P$VeM12 Suppressing Secondary Grain Growth in
S@.125Al.s7N Using a CMOS Compatible Electro@ovanni EstevesM.
Berg, M.D. Henry, B.A. Griffin, E.A. Doug@asdia National Laboratories
The electromechanical response of AIN can be enhanced by dopintp Sc in
AIN up to ~43%. Challenges arise in processing high Sc doped AIN films due
to the presence of secondary grain growth. TemplatingIsdN (ScAIN)
from a platinum bottom electrode has shown immense success in yielding
highly texturedc-axis ScAIN without the presence of secondary grain
growth. However, platinum is not complementary meteiide-
semiconductor (CMOS) compatible which makes it unattractive to those in
industry. There is a need for a new bottom electrode that suppresses
secadary grain growth while maintaining CMOS compatibility. In this
work, Se6.125Ak.s7I\N and AIN films were grown on various underlying CMOS
compatible metal stacks. Optimal film microstructure and texture was
obtained for films deposited on highly texturéti11} AlCtios bottom
metal. AIN and ScAIN thicknesses were 750 nm and 850 nm and showed
rocking curves of 0.8&nd 1.09, respectively. Atomic force microscopy

electroless under bump metallization (UBM) process. This process includes \,4¢ used to determine the presence of secondary grain growth and film

passivation of the Si die sidewalls post dicM§W die mounting, batch Zn

or Sn immersion followed by electroless Ni, electroless Pa, immersion Au

(ENEPIG) or electroless Ni, immersion Au (ENIG) UBM deposition for

roughness. The succesftbis bottom metal stack is attributed to lattice
matching and low surface roughness which allows for highly oriexyeds
textured AIN and ScAIN. This work presents a metal stack that allows for

reliable, UBM deposition. We have demonstrated 2.5D integration of batch ne creation of higher Sdoped AIN films while maintaini a highquality

processed, AlCiinished die that have UBM deposited using this process to
an interposer using electroplated Cu pillars bumps and Au bumps.

Supported by the Laboratory Directed Research and Development program

at Sandia National Laboratories, a multimission laboratorpagad and

microstructure and texture. Therefore, allowing for commercialization of
Sedoped AIN technologies which are capable of higher electromechanical
coupling coefficients than AIN devices.

This work was supported by the Laboratory DirecteseReh and

operated by National Technology and Engineering Solutions of Sandia, LLC.,peyelopment program at Sandia National Laboratories. Sandia National

a wholly owned subsidiary of Honeywell International, Inc., for the U.S.
Department of Energg® National Nuclear Security Administration under
contract DENA-0003525. Thipaper describes objective technical results

and analysis. Any subjective views or opinions that might be expressed in
the paper do not necessarily represent the views of the U.S. Department of

Energy or the United States Government.

11:00am MN+NS+P8VeM10 MEMSbased Atomic Force Microscopy
Probes: From Electromechanical to Optomechanical Vibrating Sensors
Bernard Legrand LAASCNRS, FranceL. Schwab,LAASCNRS, Univ
Tououse, FranceP. Allain, I. FaverdylPQ, CNRS, Univ Paris Diderot,
France M. Faucher, D. Bon, IEMN, CNRS, Univ Lille, FrariBe Walter,
Vmicro SAS, Francé.P. SalvetalCRPP, CNRS, Univ Bordeaux, Frebce
Hentz, G. JourdaGEALH |, France INVITED
Scanning probe microscopy has been one of the most important
instrumental discoveries during the last quarter of the last century. In
particular, atomic force microscopy (AFM) is a crissiplinary technique
able to provide sample motmlogy down to the atomic scale. It offers
invaluable tools to support the development of nasdences, information
technologies, micrsmanotechnologies and nadsiology. For more than 20
years, boosting the scan rate of AFM has been an increasinglytampor
challenge of the community. However still today, performing routine and
userfriendly AFM experiments at video rate remains unreachable in most
cases. The conventional AFM probe based on a rsizex vibrating
cantilever is the major obstacle in tesmf bandwidth and resonance
frequency.

Following a brief description of the context of the work, the talk will first
describe the development of AFM probes based on MEMS devices that
make use of ringhaped microresonators vibrating above 10 MHz. A focus
will be dedicated to the electrical detection scheme. Based on capacitive
transduction and microwave reflectometry, it achieves a displacement
resolution of 10*m/KHz, allowing the measurement of the
thermomechanical vibration of the MEMS AFM probes inlaiaging

capability obtained on DNA origamis samples at a frame rate greater than 1

Laboratories is a mutnission laboratory managed and operated by
National Technology and Engineering Solutions of Sandia, LLC., a wholly
owned subsidiary of Honeywell Intetimal, Inc., for the U.S. Department
of Energy's National Nuclear Security Administration under contrall/d™E
0003525. This paper describes objective technical results and analysis. Any
subjective views or opinions that might be expressed in the papastdo
necessarily represent the views of the U.S. Department of Energy or the
United States Government.

12:00pm MN+NS+P8VeM13 A Low Voltage NEMS Relay. Design,
Fabrication and Challenge#. Solot, A. DinescNational Institute for R&D
in Microtechnologies (IMT), Bucharest, Romarlié FernandeBolafios,
A.M. lonescuEcole Polytechniqueddlérale de Lausanne (EPFL), Lausanne,
Switzerlang Gina Adam National Institute for R&D in Microtechnologies
(IMT Bucharest), Romania
Microelectromechanical switches (MEMS) have a wide variety of
applications, such as in radio frequgrswitching, sensing, etc. thanks to
their high nonlinearity, sensitivity and integrability. Unfortunately,
traditional MEMS typically need tens of volts for actuation, which prevents
their use in applications that require low voltage CMOS circuitry. The
typical size for MEMS switches is ~i81) but recent work [1] has shown a
scalable tweterminal nanoelectromechanical (NEMS) switch with low
actuation voltage (<1V). The pipe clip structure is based on side edge
actuation and is prone to reliability issuése to stiction since the
electrode width is quite large (~300nm). We propose a structure based on
a protrusion (dimple) small contact area and tunable dimensions during the
fabrication process.

This paper presents a nanoelectromechanical switch witha<3¥ation
voltage. The proposed design is based on a fixed bottom electrode line (Pt)
and two pillars that support a metallic nanowire (~100nm wide) beam line.

Since stiction is a significant issue for this device, the design includes
protrusions (dimpés) positioned in the center of the beam line with the
scope of creating a small contact point with the bottom electrode. The
structure is electrostatically actuated through a voltage applied on the

image/s will be shown as well as investigation of block copolymer surfaces beam while the fixed electrode is grounded. A small ajy between the

to elucidate the tipsurface interaction when vibration amplitudes are
lower than 100 pm.

In the following, our recent research direction at the convergence of the

fields of micro/nanosystems and VLSI optomechanics on silicon chips will

be presented. Optomechanical resonators allow indeed overcoming the
resolution limitation imposed by usual elecin@chanical transduction
schemes. Here, we will introduce fully optically driven and sensed

beam and the bottom electrode line is crucial for reducing the actuation
voltage, but can cause problems during the release. Finite element
simulations in Comsol Multiphysics 5.2 were used to investigate the
constraint space needed for ttdesign of a NEMS relay with such a low
actuation voltage, as needed for compatibility with a typical 3.3V CMOS
technology. These simulations informed the geometries explored in the
fabrication of a low power NEMS device with a doutiEmped metallic

optomechanical AFM probes which resonance frequency is above 100 MHzbeam.The surface micromachining process was developed to have-a low

and Brownian motion below 18m/KHz, paving the way for higBpeed
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thermal budget (< 200C) and be multilayer CMOS compatible. The
fabrication flow was based on Si&s an inorganic sacrificial layer for
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obtaining a clean release. A mix of photolithography abeam research opportunities and challenges in this field, especially as we move
lithography, liftoff and dry etching steps utilized are described, and towards higher mechanical frequencies (> 10 JGHz
challenges during the electrical characterization are discussed. Future

design iterations focused on different beam designs are also presented. 9:20am NS+_2D+AN+MN+MP+“$EBM5 Absolute Deflection
Measurements in a MEMS/NEMS FaklPgrot Interferometry System

Roberto De AlbaC.B. Wallin, G. HollanMational Institute of Standards
J.O. Lee, Y.H. Song, M.W. Kim, M.H. Kang, J.S. Oh, H.H Yang, and J.B. Yaod, TechnologyS. Krylov;Tel Aviv University, IsrgeB.R. llicNational
0A subl-volt nanoelectromechanical switching dewécBlature Institute of Standardsrad Technology
nanotechnology8(1), 3640, 2013. Micro- and naneelectromechanical systems (MEMS/NEMS) are among the
most sensitive devices for detection of ukneeak forces, masses, and
displacements. The small scale of these structures affords them very high
frequencies (MHz to GHz), higjuality factors, rich nonlinear phenomena,

Nanometerscale Science and Technology Division and many other beneficial traits that make them ideal as sensors and
testbeds of fundamental physics. Falitgrot laser interferometry is a

Room 203A Session NS+2D+AN+MNPMSENeM widespread and robust technique for probing MEMS/NEMS devices

Micro, Nano and Opto Mechanics becausetiis noninvasive and provides exceptional motion sensitivityl (

Moderators: Robert llic National Institute of Standards and Technology, PM/HZ*?) from DC to roughly 100 MHz. This technique utilizes the silicon
Alokik KanwalNIST Center for Nanoscale Science and Technology substrate beneath the MEMS/NEMS device as a static reference mirror;

doing so provides commemode noise rejectionin contrast to
8:20amNS+2D+AN+MN+MP+8#M2 The Collective Behavior of Large interferometers that use an external reference mirror. Furthermore, this
Ensembles of Cmled MEMS Cantilevers with Varying Natural technique is compatible with a wide range of MEMS/NEMS materials, from
Frequencies Christopher Wallin National Institute of Standards and common insulators and conductors to graphene and other atomidiaity
Technology, Center for Nanoscale Science and TechndodickTel Aviv membranes.
University, IsraglR. De Alba, D.A. WestNational Institute of Standards
and Technology, Center for Nanoscale Science and Techno®g@rutzik,
Sandia National Laboratoried.T. Zehnder, R.H. Raf@hrnell University
V.A. AksyukNational Institute of Standards and Technology, Center for
Nanoscale Science and Technolo§y Kryv, Tel Aviv University, Isrgel
B.R. llic,National Institute of Standards and Technology, Center for o s utilizing this setup typically report deflectioncarbitrary unitsé In
Nanoscale Science and Technology _ this work, we focus on fully characterizing the nonlinear aspects of a
The collective behavior of nonlinear, coupled micrand nane MEMS/NEMS Fabsiperot interferometer and developing a generalized
electromechanical (M/NEMS) resonators has been shown bibiba host  4ppr0ach to calibrate device motion based the wavelength of light. We will
of nontrivial dynamics including abrupt pattern switching, multistability, Jemonstrate how to quickly and accurately determine both static and
hysteresis, intrinsically localized modes, and synchronization. Additionallydynamic MEMS/NEMS deflection by measuring reiédaser power in the
M/NEMS resonator arrays are extremely responsive to environmental jme domain. We will further show how a single calibration (made in the
perturbations making the excellent candidates for sensing applications largeamplitude regime) can be applied to subsequent measurements
when operated linearly. With our work, we investigate the collective qken at lower amplitudes as well as to measurements taken in the
dynam_ics _of coplanar int_erdigitated_ arrays _of prismatic microcantilevers frequency domain (e.g. by adein amplifier). Lastly, we will demonstrate
operating in both the nonlinear and linear regimes. the capability of imaging the first three vibrational modes of a MEMS
Two opposingpartially interdigitated cantilever arrays with 100 cantilevers cantilever by using a scanning laser.
apiece were fabricated using a siliqemcinsulator wafer. The device )
consists of a unique geometry in which each array has cantilever Iength%
expanding linearly across the device in oppositigections giving a I
distribution of natural frequencies. The arrays were engineered to allow for
large scale, nonlinear owdf-plane beam deflections through the removal

Despite the man strengths of this experimental technique, it suffers from
two main drawbacks. Firstly, the measured signal becomes highly nonlinear
for device displacements larger tha, where<is the laser wavelength.
Secondly, because the silicon backplane is ivabée, there is no simple or
established technique for calibrating device motion. As such, published

40am  NS+2D+AN+MN+MP+8#M6  Silicon on Insulator
ectrostatically Actuated Bistable Cantilevers for Resonant
Displacement/Acceleration Sensin®. Halevy, E. Benjamin, N. Krakover,
Y. KessleGlava KryloyTel Aviv University, Israel

Resonant accelerometers incorporating vibrating beams demonstrate

of the entire silicon handle layer beneath the active array area. " A ‘ -

E ficiently laze dri litud h bedi illati _higher sensitivity and better robustness when compared to their statically
or Z‘.J iciently lege drive amplitudes, ;; resonatorhs €gin oscl an_r:_g;]] V'aPo erated counterparts. Electrostatic  softening of the beams

combination parametric resonance (CPR) across the entire array. The C ctrostatically coupled to the proof mass allows tthance sensitivity of

driven oscillations occur across a broad frequency band. The tunableye resonant accelerometers. The displacement of the proof mass affects
coupling ~between nearesteighbor cantilevers through figing e oy between the mass and the beam and results in the i@am
electr_ostatlc fields prowdes a mt_echanls_m to vary the CPR response. ‘Due tf?equency change, which is maximal in the vicinity of the critical limit points
the sizable deflections, the devi@enonlinearities are apparent including ¢ 4o voltagedeflection curve. The use of the sn#mrough buckling for
Eystt:]resc;s eflfects. Ourfexpe;gedntal dreSUItS darlebsupp()jorted E‘nd eﬁpakr?deqhis purpose is attractive since it is fully reversible and does not involve
y the development of a ratted order model based on the G_a €rkiN ~ contact. While doublelamped curved bistable beams designed to
decomposition which generates the leading features of our data including demonstrate snagihrough behavior can serve as resonant elecation
the CPR band. sensors [1], they suffer from high sensitivity to temperature and residual
When operating in the linear regime, the natural modes of the array have stress.
localized characteristics whereby a limited number of thezoscillate at |, yhis work we report on a design and fabrication of an electrostatically
each Of_ th? natural mode frequengles. Operating the.dewce at h'gheractuated bistable resonant cantilever [2], which demonstrates low
harmo'm(':s increases mode separa.tlon as the prppagatlon *?a“ds Str_emhsensitivity to the terperature and to the residual stress. The concept is
The distinct resonant peak separation coupled with the spatially confined 2se on the tailoring of the actuating force in such a way that the beam in
modal response make hlghehgrmomc ope!'atlon of tailored, vanable_ its initial éas fabricated configuration is positioned in the vicinity of the
Ieng;h qannlever arrays well suited for a variety of resonant based sensing.iica point. This is achieved by designing #ttuating electrodes to be
applications. significantly thicker that the beam. Our reduced order (RO) Galerkin and

8:40am NS+2D+AN+MN+MP+S%M3 Piezoelectric Optomechanical coupled finite elements (FE) models results show that the frequency to
SystemsKrishna Coimbatore Balrantniversity of Bristol, UK INVITED ~ deflection sensitivity of thé = 150pm long,h = 16pum wide andd = 1pm
Nanoscale optomechanical systems, which rely on the strong interactionshick cantilever can reach 20 Hz/nm. This is equivalent to the frequency to
between colocalised optical and mechanical modes in nanoscale cavities, 2CCeleration sensitivity of 388 Hz/g, obtained for the case of a 4>mm
have been explored for a wide variety of applioas ranging from sensing MM X20pm proof mass.

to signal transduction [Aspelmeyer et al., Rev. Mod. Phys. (2014)]. In this¥hile the model results are promising, fabrication of the device
talk, | will discuss piezoelectric optomechanical platforms for efficient incorporating the beams ahthe electrodes of the different thicknesses is
signal transduction between the radio frequency (RF) and optical domain.challenging. We demonstrate fabrication of the & thick electrodes and
We useGaAs as our model platform (Balram et al., Optica (2014), Naturef6 pm thick cantilevers from the same device layer of a Silicon on Insulator
Photonics (2016), Phys. Rev. Applied (2017)) and discuss some of th&Ol) wafer. Twstage deep reactive ion etching (DRbE)cess was used
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for an initial patterning of the electrodes and of the cantilever and for the
thinning of the beams. We discuss the details of the fabrication process
and preliminary experimental results.

[1] N. Krakover, B. R. llic and S. Kryé@isplaement Sensing Based on
Resonant Frequency Monitoring of Electrostatically Actuated Curved Micro
Beams; J. Micromech. Microeng?6, pap. 115006, 2016.

[2] N. Krakover, S. Krylo¥Bistable Cantilevers Actuated by Fringing
Electrostatic Fields, ASME Jowmal of Vibration and Acousticsd394),
04090804090810, 2017.

11:00am NS+2D+AN+MN+MP+8#M10 ElectronPhoton-Phonon
Hybrid Systems Based on Compound Semiconductor Mechanical
Resonators Hiroshi YamaguchiNTT Basic Research Laboratories, Nippon
Telegraph and Telephone Corporation, Japan INVITED
The use of compound semiconductor heterostructures as the elastic
materials in the fabrication of micro/nanomechanical resonators has
advantages, such like the imgvement of mechanical properties through
strain engineering, optomechanical transduction through camediated
coupling, and piezoelectrically controllable nonlinearity [1]. The hybrid
properties play the essential role in the operation where the défe
excitations of phonons, photons, and electrons are mutually interacted. In
this invited talk, | will review our recent activities studying the electronic
[2], photonic [3], and phononic [4] functions in Ga#esed mechanical
resonators.

[1] H. Yamagu®, Semicond. Sci. Technol. 32, 103003 (2017).

[2] Y. Okazaki, I. Mahboob, K. Onomitsu, S. Sasaki, and H. Yamaguchi,
Nature Commun. 7, 11132 (2016).

[3] H. Okamoto, T. Watanabe, R. Ohta, K. Onomitsu, H. Gotoh, T. Sogawa,
and H. Yamaguchi, Nature Commun8478 (2015).

[4] M. Kurosu, D. Hatanaka, K. Onomitsu, and H. Yamaguchi, Nature
Commun. 9, 1331 (2018).

11:40amNS+2D+AN+MN+MP+8#M12 Size Dependent Mechanics of
ElastomersLe Li N. Alsharif, K.A. BrowBpston University
Elastomers are fascinating materials owing to the fact that their meichan
properties are dictated by entropy. Due to their low modulus, chemical
compatibility, and ease of processing, they are widely applied in fields from
soft lithography to medical devices. While it is well accepted that they
exhibit fascinating sizdependent mechanical properties when confined to
thin films, the structureproperty relationships that govern confined
elastomers are difficult to unambiguously determine due to the mechanical
influence of rigid support structures and unavoidable contributifsom
adhesion. As a result, a consensus regarding the moduli of elastomeric thin
films has not emerged. Here, we present a combined computational and
experimental approach to measure the true mechanical properties of thin
elastomer films. First, we utizextensive finite element simulations to
determine a correction to the Hertzian contact model that depends upon a
dimensionless film thickness and the polymer PoiSsaatio. In order to
verify this correction, films composed of three different thermagties
were studied using an atomic force microscopy (AFM) nanoindenting.
Interestingly, all three were observed to soften when confined to films
thinner than 100 nm, in agreement with literature reports of buckling
experiments. To explore softer elastontematerials that exhibit
categorically different behavior, we extended this correction to the
JohnsorKendaHRoberts (JKR) model that considers adhesion in contact
mechanics. Elastomer thin films with different crosslink densities were
studied using AFMamnoindentation and finite element simulation to
determine their moduli. We observed a drastic stiffening on all elastomeric
films when they were confined to subicrometer thicknesses. More
importantly, modulus of all sut00 nm elastomer films converges the
same trend regardless of bulk crosslink density. We present a hypothesized
molecular model explaining this behavior. These results shed new light on
the nanomechanics of elastomers and provide a general process for
exploring sizalependent mechanics polymers.
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2D MaterialsFocus Topic discrepancies found irhe literature regarding the impact of reactive
Room 201B Session 2D+MN+NS+3&A plasmas on graphene damages. To get rid of this issue we propose to use a
fluorinated aluminum chamber. In this case, fluorine atoms which are
IoT Session: Surface Chemistry, Functionalization, Bio andshown to be harmless to graphene are the only impurity in thespla.
Sensor Applications Under such conditions H2 ICP plasma is shown to clean graphene without

Moderator: Daniel WalkupNational Institute of Standards and Technology damages if the ion energy is kept below about 15 eV.

(NIST)/ University of Maryland, College Park 3:00pm 2D+MN+NS+S®eA3 Novel Binderfree Ag@Ni(OH) over

2:20pm 2D+MN+NS+S®/eAl Impact of Hydrogen on Graphereased Graphe_ne/Ni Foam and Glucose SensifigngHyun Kang J:S. YuDGIST,
Materials: Atomistic Modeling and Simulation of HRSTEM Images  Republic of Korea

Guedij, Univ. Grenoble Alpes, CEA, LETI, FrahceJaillet, F. Rousse, Graphene combining with metal nanoparticles or other compounds is
Stéphane RedonUniv. Grenoble Alpes, CNRS, INRIA, Grenoble INP*, LJNidely recognized ¢ be a viable strategy to assemble higttivity
Erance catalysts.Unique properties of high conductivity and transparency, 2D
The hydrogen energy transition is highly probable, because hydrogen is thanorPhology, and high stability in acid and alkaline solutions make
most abundant elementn the universe and represents an idegjreeré graphene an excellent electron transfer medium on the interface of
source of energy. Meanwhile, the safe hydrogen production and storaged'@hene/active materials as catalysts.Among them, graphene/metal
remains a major challenge still in progress. Potential production andnanoparticle (G/MNP) composites have been attracting more interest
storage materials include graphene. In terms of electronic and becaus_e of remarkably ephanced catalytic property, WhICh is ascribed to a
optoelectronic applications, hydrogen can tune the bandgap of graphene Synergic effect from the interface of graphene ardiee sites. In general,
[1]. Hydrogen also plays a major role during the Chemical Vapourr?duc'ng agents a}nd electrodeposition methodshave been employéa to
Decomposition (CVD) growth of graphene [2]. Hence, hydrogenateds'tu reduce metal ions such as AuUPt*, Ad, and Cé&' (M**) to MNPs on the

graphenebased materials are potentially relevant for varoiechnological ~ 9raphene to form G/MNP composites.In this study, graphene is grown on
applications. nickel foam KIF) by chemical vapor deposition (CVD), which is directly used

. ) - . for MNP deposition. Different from bare NF, special phenomenon is
To _unde-_rstand ‘and _opt|m|ze the device efficiency and the interface observed that the grapheneoated nickel foam (GNF) composite can
engineering, it is advantageous to perform  advanced goau speed up the electrodeless reduction of lans on he surface of
nano_charac_tenzatlon_s,' linked to numerical quelllqg and simulations. Thlsthe graphene. Interestingly, the MNP deposition and Ni¢gQtdnosheet
task is particularly difficultbecause hydrogen is labile and prone to rapid assembly simultaneously occur on the GNF. Bificer Ni(OHywrapped
reorganization. This structural evolution may be monitored with Ag hybrid developed on the GNF (Ag@Ni¢@ByF) is found to serve as an
tr.an§rnission electron microscopy (TEM) te(_:hniques [3.4.5], but i_n spitg Ofefficient electrochemical seons because of its unique structure. A low
S|gn|f|c_ant progresses, the Q|r(_act detection O_f hydrogen with High detection limit of 0.3>M and high sensitivity are achieved for the glucose
Resdution Scanning Transmission Electron Microscopy (HRSTEM) Ofigtection, which confirms that the hierarchical electrode structure of
energyloss spectroscopy still remains a serious challenge. Ag@Ni(OH)GNF composite is highly effective to have extensive
We investigate here the interaction of hydrogen with graphene using the appications.
Brenner module of the SAMSON software platform https://www.sarm o o
connect.net and we propose an original methodology to characterize its 3-20PM2D+MN+NS+S®eA4Surface Modification and Magnetization of
structural arrangement at the atomic scale by simulating HRSTEM image§rPon Based NanostructureRina Tannenbaum University of Stoy
to interpret experimental results. In particular, we compare the effect of Brook I.T. KimGachon University, Kores. Sharmalniversity of Stony
hydrogen on dark field (DF), brigheld (BF), higlangle annular dark filed Brook
(HAADF) and annular bright field (ABF) images, to estimate the best We describe here a novel synthesis for the facile decoration of carbon
technique suited to hydrogen detection. nanomaterials (CNM) with monodispersé-eOs magnetic nanoparticles.
These procedures were developfat multi-walled carbon nanotubes
(MWNTSs), reduce graphene (rGO) and reduced graphene nanoroses (rGO
roses). The decoration of these carbon nanomaterials wieOz induces
the magnetization of these structures and opens up the potential for their
use innovel applications.

In addition, we present the effect of carbon vacancies and adatoms on the
stability of hydrogen coveragessociated to the HRSTEM signatures of the

most stable configurations. These results provide the necessary building
blocks to analyze the structure and energetics of hydrogenated graphene

based materials at the atomic scale. ) ) B
CNM/ -FeOs magnetic nanostructures were fabricated through a modified

) ] References sokgel process using ferric nitrate nonahydrate, Fe{p@+0 as a starting
[1] Elias D C et Science 323 618 (2009) material. Nucleation sites for the iron oxide were generated at the CNM
[2] Vlassiouk | et al., ACS Nano 5 &J&3(2011) surface due tdhe electrostatic interaction between Fe (Ill) ions and the

’ VA carboxylate surface groups of adi@ated CNMs. The occurrence of
[3] Beattie SD et al. Chem Commun 0 (2008) gelation was inhibited by the addition of the NaDDBS surfactant, before the
[4] Ikeda K et al. Nanotechnology 20:204004 (2009) addition of propylene oxide, which is a gel promot€he surfactant
[5] Muto S et al. J Appl Phys 105:123514 (2009) interfered in the growth stage of the iron oxide nanoparticles (gel phase)

) . through to the coordinaton of the NaDDBS molecules to the iron (1)
2:40pm2D+MN+NS+S®eA2High Density H2 and He Plasmas: Can They  centers due to the attraction between the negativelyarged hydrophilic

be used to Treat Grapheng?HasanAl Mehedi Laboratoire des — poqq of the surfactanand the positivelcharged iron. The rG@ses were
Technologies de la Micétectronique, CNRBJF, FranceD. FerrahCea, further fabricated from decorated rGO via a novel emulsion process.

Leti, Minatec, France J. Dubois C. PetiEtienne, Laboratoire des . L . )
Technologies de la Micétectronique, CNRBJE H. Okuno, Cea, Various characterization methods were used to confirm the formation of

Inac/sp2m/lemma V. Bouchiatinstitut Néel, CNR&IJFINP, O.J. Renault, well-defined maghemite nanoparticles, and show that they wetbéeed

CEA/LETUniversity Grenoble Alpes, Francé. Cungelaboratoire des to the walls of the CNMs. The tethered=e0s nanoparticles imparted
Technologies de la Miotectronique, CNRBJF, France magnetic cha_iracterlstlcs to t_he CNMs, which in turn, became_
superparamagnetic. The magnetic carbon nanotubes and magnetic rGO

were introduced into a polymer matrix [#] and were oriented parallel to
the direction of an externalkgpplied magnetic field. The anisotropic

nanocomposites were then used as anodes in lithium ion batteries. The

magnetic rG@oses were used as nuclear magnetic resonance contrast

material.

Since graphene and other 2D materials have no bulk, a major issue is their
sensitivity to surface contaminations, and the development of cleaning
processes is mandatory. High density plasmas are &iteato treat (clean,
dope, pattern) 2D materials because they are a mature industrial
technology adapted to large area wafer. However, in these plasmas the
substrate is bombarded by a high flux of both thermal radicals and reactive
ions with typical energabove 10 eV, which can easily damage atomic layer
thin materials. We have investigated systematically the interaction of H2
and He inductively coupled plasmas (ICP) with graphene in industrial
reactors. We report a specific issue associated with theaidd2 plasma:

they etch the inner part of plasma reactor walls, thus releasing impurities
in the plasma, most notably O atoms that etch graphene and Si atoms
which stick on it. The presence of parasitic oxygen presumably explains the
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4:20pm 2D+MN+NS+S®&eA7 Chemical Modification of Graphene and

damage to the electrode structure and thus gives rise to a fast decay of the

Carbon Nao Tubes as viewed by XPS and NEXAFS Spectroscopiespecific capacity [3].

underpinned by DFT Spectra SimulationC. Ehlert, E. Donskyi,
Bundesanstalt iifr Materialforschung undprifung (BAM), GermanyP.L.
GirardLauriault McGill University, CanagdeR. lligen,Bundesanstalt ir
Materialforschung undprifung (BAM), GermanyA. LippitzBundesanstalt
fur Materialforschung und-prifung (BAM) R. Haag, M. AdeliFreie
Universiéit Berlin, Germany Wolfgang Unger Bundesanstalt fiir
Materialforschung undpriifung (BAM), Germany
Graphene is a twalimensional carbon network with unique properties.
However, its low solubility, poor reactivity and the limited accessibility of a
well-defined basal plane are major challenges for ajgpittms. An ideal
method to overcome these problems is the covalent attachment of
functional molecules to its surface which enable further reactive
madifications for specific applications. There are several technologies for
surface functionalization of gréggne and related CNT materials. To get
control on the functionalization process and to optimize the performance
of the modified surfaces analytical tools for surface chemical
characterization are required-bdy absorption (NEXAFS) and
photoelectron spectoscopy (XPS) have been identified to be rather
powerful here [13]. Specifically, NEXAFS spectroscopy underpinned by
guantum chemical spectrum simulations [4] is unique in a way to address
changes of aromaticity and defect formation at the graphene surface
during functionalization.

For relevant surface modification technologies, we present examples on

how NEXAFS and XPS are fit for purpose. All presented modifications aim

on the production of platforms for defined functional 2D nanomaterials, as
for examplemulti-functional hybrid architectures. In detail we investigated:

wA wet chemical method for covalent functionalization of graphene sheets
by a onepot nitrene [2+1] cycloaddition reaction under mild conditions.
Here a reaction between 2,4t6ichloro-1,3,5triazine and sodium azide
with thermally reduced graphene oxide (TRGO) results in defined
dichlorotriazinefunctionalized graphene sheets.

wGraphene and carbon nanotube functionalized by Vacultraviolet
(VUV) induced photochemical or r.f. cw lovessure plasma processes to
introduce amino, hydroxy or brominated functionalities.

To underpin fingeprint information delivered by C-8&dge NEXAFS we
studied the effects of selected point and line defects as well as chemical
madifications for a single gphene layer model by density functional
theory based spectrum simulations.
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4:40pm 2D+MN+NS+S@®eA8 Elastic Spongy Graphereunctionalized
Silion Anode with Excellent Cycle Stability in Li batteByongJune Leg
J-S. YuDGIST, Republic of Korea

Graphite plays a prominent role as a typical anode material in the lithium
ion batteries (LIBs) because of its high lithiateblithiation reversibility and

low voltage window. Unfortunately, the capacity is limited to 372 mAh g
[1,2]. To search for materials with higher lithium storage capacity, a great

number of investigatins on metal oxides (or sulfides), Sn, P, and Si have

In this work, novel 3D spongy grapheme (8@gtionalized silicon is for

the first time demonstrated by chemical vapor deposition for a LIB anode,
which can overcome the common silicon anode issues such as poor
conductivity and volume expansion of Si asllwas transfer of Li ion
towards the Si. The elastic feature of graphene has excellent function to
selfadaptively buffer the volume variation during chardischarge
process. In particular, different from traditional graphene or carbon shells
(coreshelland yolkshell), the spongy 3D graphene networks provide much
improved unique functions with excellent lomycle stability and rate
capability. The Si@SG electrode exhibits excellent cycling performance with
high reversible specific capacity [4]. A supe95% capacity retention is
achieved after 510 cycles. All the electrochemical performances get
benefits from the weldesigned functional SG shells, where interconnected
nano-graphene structure not only guarantees a high conductive network
but also proides more free paths for excellent mass transfer in addition to
selfadaptive buffering capability .
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5:00pm 2D+MN+NS+S®eA9 Electrical and Structural Changes of
Multilayer WSe Transistors: Atmospheric Gas Adsbion and Long Term
Aging Anna Hoffman M.G. Stanford, C. Zhngniversity of Tennessee
Knoxville I. Ivanon,Oak Ridge Natioma_aboratory A.D. Oyedele, D.G.
Mandrus,University of Tennessee Knoxuville Liang, B.G. Sumpter, K. Xiao,
Oak Ridge National LaboratoryP.D. Rack,University of Tennessee
Knoxville

Interest in transition metal dichalcogenides (TMDs) for eglctronic
applications has been growing recently due to their unique properties and
layered structure. Surface science and DFT simulations have corroborated
p-type doping and fiype suppressiorof G; and HO adsorption in TMDs
however, electrical characterization has not been fully investigated. This
presentation will demonstrate the reversible suppression otype
conduction in ambpolar WSe via water adsorption, which logically has a
largerimpact as the WSehickness decreases. Additionally, we observe a
reversible and irreversible-type suppression and-fype doping which we
rzflttribute to HO adsorption and isoelectronic oxygen chemisorption,
at chalcogen vacancies duringylterm aging in atmosphere
over 6 weeks. Finally, controlled oxygen plasma exposure is utilized to
oxidize and gype dope WSe We will overview our device fabrication and
electrical testing procedure, and transfer characteristics for our as
fabricated deices for various WSéhicknesses in air and in vacuum will be
illustrated. Longerm (6 week) electrical measurements in both air and
vacuum are compared to the dabricated devices. Finally, complementary
atomic force microscopy and Raman Spectrosagyused to characterize
the devices

5:20pm 2D+MN+NS+S®eA10 lon Migration Studies in Exfoliated 2D
Molybdenum Oxide via lonic Liquid Gating for Neuromorphic Device
Applications Cheng Zhang P.R. Pudasaini, A.D. Oyeddllmiversity of
Tennessee KnoxvijlA.V. Ivelev, K. Xiao, T.Z. Wathk Ridge National
Laboratory D.G. Mandrus,University of Tenessee Knoxville O.S.
Ovchinnikova,Oak Ridge National Laborator?.D. RackUniversity of
Tennessee Knoxville

The formation of an electric double layer in ionic liquid (IL) can
electrostatically induce charge carriers and/or intercalate ions in andbut

the lattice which can trigger a large change of the electronic, optical and

magnetic properties of materials and even modify the crystal structure. We

present a systematic study of ionic liquid gating of exfoliated 2D

been carried out in recent decades. Among these materials, silicon canmolybdenum trioxide (Mog) devicesand correlate the resultant electrical

make alloy with lithium in the form of &:65to deliver a highest theoretical
gravimetric capacity of ~4200 mAH,and thus is @nsidered to be one of
the most promising anode materials for next generation LIB. It is worth
mentioning that its quite low delithiation potential and high lithium storage
capacity can provide a wide working voltage window and energy density,
which enablepromising potential application in electric vehicles. However,

properties to the electrochemical doping via ion migration during the IL
biasing process. A nearly nine orders of magnitude modulation of thesMoO
conductivity is obtained for the two types of ionic liquids that are
investigated. In addition, notably rapid on/off switching was realized
through a lithiumcontaining ionic liquid whereas much slower modulation

was induced via oxygen extraction/intercalation. TinfeFlight Secondary

those advantages are seriously offset by a great challenge of large volumdon Mass Spectrometry confirms theiiiercalation. Results of shepulse

expansion during lithiation process and the resultant breakage of bulk
silicon particles and solid electrolyte intade (SEI), which causes a serious
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tests show the potential of these Ma@evices as neuromorphic
computing elements due to their synaptic plasticity.
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5:40pm 2D+MN+NS+S®eAll Infrared Absorption of Nanometescale Extending Additive Manufacturing to the Atomic Scale
Thermally Reduced Graphene Oxidgerin ClevelandJ. Nolde, G. Jernigan, Focus TOpiC

E. AiferU.S. Naval Research Laboratory .

Strong optical absorfn is of fundamental importance to infrared (IR) Room 102B Session AM+MP+N#&/eA
sensors, and it has been well established that graphene is one of theAtomic Scale Manipulation with SPM

strongest IR absorbing materials, with approximately 2.3% absorption inpoderator: Sven RoggdJniversiy of New South Wales, Australia

the IR and visible regions for a single layer. While reduceghgree oxide

(RGO) may not have quite the same absorption strength as graphene on :20pm AM+MP+NSNeAl Advanced Scanning Probe Lithography:
layerby layer basis, we believe that by controllably reducing the oxygen Processes, Nanopatterning and Nanoelectronidgicardo Garcia Inst
concentration within the GO films we can increase the absorption of the Ciencia Materiales Madrid, CSIC, Spain INVITED
RGO film to approach thatfographene. RGO films, unlike graphene, The nanoscalecontrol afforded by scanning probe microscopes has
however, can be made arbitrarily thick, allowing for much higher prompted the development of a wide variety of scanning prisesed
absorbance in a single pass. Here we explore the use of GO films of varyirgatterning methods. Some of these methods have demonstrated a high
thickness and UHV annealing temperature to achieve near 100% midwavelegree of robustness and patterning capabilities that are unmatched by
IR absrbance in a quartewave reflection filter structure consisting of an  other lithographic techniques. However, the limited throughput of
RGO film on top of &4-thick SiQlayer deposited over a Ti/Pd mirror. scanning probe lithography has prevented their exploitation in
Graphene oxide (GO) is a teémensional network consisting of a technological applications. Here, we review the fundamentals of scanning

graphene basal plane decorated with oxygen rtieg in the forms of probe lithography and its use in materials science madotechnology. We
carbonyls, epoxies and hydroxyl groups resulting in variable number ofintroduce several methods, interactions and/or processes such as chemical,

spandspbonding geometries. Theory indicates that GO bandstructure and mechanical or thermal that enable the tip to modify surfaces. In particular,

transport are strongly dependent on the ratio of tlsg? and sp* bonding the I_prgsentatflon dlI;) fOCUS?d on descrlb_mg tI:jed f”_”dafms’.“a'? anfd
fractions, and theefore, by controllably removing specific oxygen groups, app |cat|ons_ ot oxideon S'_DL or nanopatterning and device ta rication o
one can tune its electronic, optical, and chemical properties. While it is nanoscale fielebffect transistors, quantum dots, biosensors and molecular

difficult to modify the oxygen concentration using wet chemical processing,a_mh'tectures involving a variety of systems _f_rom 2D materials to
e.g. using hydrazine, GO can be thermally reduire H-No forming gas ~ Piomolecules; from sefissembled monolayers to silicon.

with more precise control. However, this procedure, like chemical Refaences

reduction promotes the occurrence of N and H impurities, as well as carbonr - Garcia, AW. Knoll, E. Riedo, Advanced scanning probe lithography.
vacancit_es Within the graphene basal plane, si_gnificantly degrading thenature Nanotechnolog9, 577587 (2014)

electro_nlc quality ofthe film. Here, we use ultrahigh vacuum (_@1Dorr) . -Y.K. Ryu, R. Garcia, Advanced oxidation scanning probe lithography.
annealing to controllably reduce the oxygen concentration in GO films Nanotechnology28, 142003 (2017)

while introducing fewer defects. Not only does UHV annealing prevent the 9o, ’

introduction of impurities, but after oxygen removal, daingl bonds tend ~ -A.l. Dagoet al. Chemical and stetural analysis of suB0 nm graphene

to reform in hexagonal structure. UHV annealing also enablasmdno  patterns generated by scanning probe lithograp@grbon129, 281 (2018).
measurement by xay photoelectron spectroscopy (XPS) to precisely
characterize the overall oxygen concentration and its distribution within
alcohol, epoxy and carbonyl esges. Following an 800 UHV anneal for
example, we find that the oxygen concentration is reduced to ~5%, and the
layer spacing is equivalent to epitaxial graphene grown on tfec€ of SiC.

3:00pm AM+MP+N8NeA3 Integrated Devices made Using Atomically
Precise Advanced Manufacturing. Ward, D. Campbell, M. Marshall; T.
M. Lu, L. Tracy, L. Maurer, A. BaczweShashank MisraSandia National
Laboratories

Atomically precise advanced manufacturing (APAM) has enjoyed
6:00pm 2D+MN+NS+S®eAl12 Dielectric Properties of Carbon  considerable success in demonsirat high profile physics demonstrations,
Nanomenbranes prepared from aromatic SeKssembled Monolayers  such as the single atom transistor. However, a considerably broader
and their application in AHCarbon CapacitorsXianghui ZhangP. Penner,  application space would open up if other transistor elements could be
E. MarschewskiBielefeld University, GermanyT. Weimann, P. Hinze, integrated with APAM devices, opening the door to high gain and room
PhysikalisciTechnische Bundesanstalt, Braunschweig, Germary temperature operation. However, integration is generally limited by the
Golzhauser,Bielefeld University, Germany high temperatures required to prepare pristine silicon substrates for
Carbon nanomembranes (CNMSs) are {dimensional materials that are APAM, and by the low temperatures at which phosphorus donors diffuse
made by crostinking selassembled monolayers (SAMs) of aromatic away once placed into silicon once APAM is compldtee, we describe
molecules via low energy electron irradiation. Previous studies of the progress in integrating metalielectric surface gates to achieve high gain,
chamge transport in molecular junction incorporating SAMs and CNMs ofand compensation doping to achieve room temperature operation. The
oligophenyl! thiols has been carried out by using conical eutectic Gallium Digital Electronics at the Atomic Limit (DEAL) project is supported by
Indium (EGaln) toplectrodes and conductive probe atomic force Sandi® Lab Directed é&earch and Development Program, and was
microscopy (CRFMY. Additional investigations dhe dielectric properties ~ performed in part at the Center for Integrated Nanotechnologies, a U.S.
of pristine SAMs and CNMs were performed by impedance spectroscopy o?OE Office of Basic Energy Sciences user facility. Sandia National
EGaln tunneling junctions. Here we demonstrate the fabrication and Laboratories is a multimission laboratory managed and operated by
characterization of altarbon capacitors (ACCs) composed of multilayer National Bchnology and Engineering Solutions of Sandia, LLC., a wholly
stacks of dielectricCNMs that are sandwiched between two types of Owned subsidiary of Honeywell International, Inc., for the U.S. Department
carbonbased conducting electrodes: (1) trilayer graphene made by of Energ@ National Nuclear Security Administration under contract DE
chemical vapor deposition and mechanical stacking; (2) pyrolyzed graphitidNAO003525.

F:arbtc_)n (PGC). rr;aﬁ‘i_e téybpytrr?ly&_sdtor:‘ C:IG?&? afm_‘g‘ﬂc molecul_es. f-éh 1 4:20pm AM+MP+NS8NeA7 Electrical Trangort Properties of Si:R -layer
junction area 1s detined by the width o electroge ribbons, ranging from Devices Ranjit Kashid X. Wang, Namboodiri, J. Hagmarational

2 H .
to 2500 um?, and the separation between two electrodes is tuned by the Institute of Standards and Technology (NJSSTWV. Schmuckegniversity of

number of (.:NM layers. The frequency response of nanocapac?tors Wa?\/Iaryland College Parkd. Wyrick, C. Richter, R.Mv@&i National Institute
measured with an LCR meter. A dieleotonstant of 3.5 and a capacitance of Standards and Technology (NIST)

density of up to 0.5uF/cn? were derived from the junction capacitance. A _.. . .

dielectric strength of 6.2 MV/cm was determined. These results show theS"P hztstpeensriallzledtgs Oge c.)f the f'der?l syrs]tems fortdmmdt (leann:m .

potential of carbon nanomembranes to be used as dielectric componentscompu ation. siteselective doping of phospnorous atoms at the atomic
scale using Scanning Tunneling Microscopy (STkbYgtiaphy on the

in nex-generation environmenfriendly carborbased molecular electronic Si(100) 21:H surface enables the fabrication of these devices. In the past
devices. : . o
. . our group has demonstrated that degenerately doped & well confined Si:P
P. Penner, X. Zhang, E. Marschewski, F. Behler, P. Angelova, A. Beyermdnolayers can be fabricated using phosphine dosing and- low
Christoffers, A. Gzhéuser, Journal of Physical Chemistry 2014, 118,  temperature Molecular Beam Epity (MBE). In addition, a wide range of

21687. 1D and 2D nanoscale devices can be fabricated by combining STM
2X. Zhang, E. Marschel, P. Penner, A. Beyer and AlzBiuser, Journal lithography and lowtemperature MBE. Here, we present
of Applied Physic2017, 122, 055103. magnetotransport and lowrequency 1/f noise measurements on

degenerately doped 1D nanowires, 2D l[HBars, and van der Pauw
structures defined using STM lithography. Specifically, we investigate the
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dephasing mechanism and present a comparative analysis of transpor:40pm AM+MP+NSNeAll Extending the Capabilities of STFhased
between STM patterned and mesa etched Sifyer van der Pauw  Dopant Device FabricatignT. Skeren, N. Pasches,A. Kster, Andreas
structures to further &cidate the effects of STM patterning on transport Fuhrer, IBM ResearchZurich, Switzerland INVITED
properties. Since the invention of the first bipolar transistor, integrated circuits have

4:40pm AM+MP+NSNeA8 Atomically Precise Tip Positioning for evolved to incredibly complex, ultrscaled devices with on the order of?10

Automated Wriing of Atomicscale Deviceslames OwenE. Fuchs, IN. o e 800 0L LR Lot e e B e i a crfeal fctor
Randall, J.R. Von Elyvex Labs 9y, ghly doped reg

d d vation lith hv h bled dented sub for device performance. Moreover, single dopant atoms in a silicon crystal
Hydrogen epassivation lithography has enabled unprecedented su or nanoscale silicon transistors are thought to be candiddor spin qubits
nanometer precision in the positioning of dopant atoms in silicon,[1] ; -
- " . . with a long spin lifetime.
advancing the field of silicon quantum electronics. It has also been used for

localised atomic layer deposition of Si [2] andz[BP The hydrogen resist lithography technique is capable of preparing atomic

scale planar dopant devices. This is enabled by a large difference in
chemical reactivity of the bare and hydrogen passivated Si (081): 2
surface. Using a scanning tunneling microscope (STM), the hydrogen layer
of the H:Si (001) surface is locally desorbed with nanometer precision,
exposing areas of reactive Si. When a gaseous dopant precursor such as
phosphine or diborane is introducethe hydrogen layer acts as a resist
and the dopants stick only to the desorbed areas. Compared to
conventional fabrication methods, hydrogen resist lithography enables
degenerate edoping with subnanometer lateral resolution and abrupt
doping profiles.

In pursuit of our overall vision of Atomically Precise Manufacturing, we are
pursuing a number of tactics towards automatdbrication of atomically
precise structures. STM lithography vectors are automatically aligned to
the surface atomic lattice, and patterns can be input as geometric shapes
or arbitrary bitmaps. To improve tip position precision, we have developed
reakttime creep and hysteresis error correction. Using this, we have
previously demonstrated opeloop atomic precision patterning over
length scales up to 100 nm. Above this scale, where hysteresis errors are
more significant, we are able to reduce the positiaroes by ~90%.

In parallel with reatime position corrections, we have developed
automatic fiducial alignment routines. The tip position can either be
aligned to previoushkdrawn patterns or to deliberate fiducial marks. A
large pattern can therefore be stitched togethigom write fields within
which atomic precision can be obtained. Thus, precise patterning can be
scaled to large areas.

We have extended the hydrogeresist technique to fiype doping with
diborane and present electrical transport measurements eypge dopant
wires and a simple planar ganction fabricated by STM patterning.

In addition, we have developed a CMOS compatieléce platform for
STMbased atomiescale device fabrication. The scheme uses pre
fabricated samples with electrical contacts and alignment markers and a

In the burgeoning field of Quantum Metamaterials[4], large arrays of single pqrogen terminated, reconstructed Si:H(001) surface that is protected
dopant atoms are required, with extreme position precisénd very high from the ambient environmentypa capping chip.

yield. However, the yield of the current thermal process for P limits the . . .
yield to 70%][5]. The sample surface can be used directly for $akerning and atomic

device fabrication after ksitu removal of this capping chip. After STM
devicefabrication the samples are reintegrated into the CMOS workflow by
hydrophobic bondingdr wafer scale contacting.

Based on recent work on removal of H from surface $pldcies[6], we are
developing a tipassisted incorporation process, which prevents the

recombindion and desorption process. For this application, we need to
write singledimer patterns to adsorb only one Phiolecule. For these

small patterns, Automated Feedback Controlled Lithography is used, so as

to remove exactly the required H atoms from thefaigce. We are working

to improve the detection of the H atom removal, using not only the spike in

tunnel current but also the change in the local barrier height [7].

1. M. Fuechsle, et dNat Nano7 242246 (2012) DOI:: Bi terial Interf Divisi
10.1038/nnano.2012.21 lIomaterial Interraces pivision

2.J.H. G.\@en et al., J. Vac. Sci. Technd29B06F201 (2011). Room 104B Session BI+AC+AS+HC+NS+SB/eP-

3.J.B. Ballard, J. H. G. Owen, el.a¥ac. Sci. Technol3, 41804 (2014).  Current and Future Stars of the AVS Symposium I
4. 3. salfi, et aNat. Commun.7, 11342, (2016). Moderator: David BorisU.S. Naval Research Laboratory

5. J. G. Keizer, S. Koelling, P. M. Koenraad, and M. Y. Sik@®Mar® 2:20pmBI+AC+AS+HC+NS+SSAEA1Medard W. Welch Award Lecture:
1253712541 (2015) A SurfaceScientis@ Journey from Small Molecules to Biomolecules and
6. Q. Liu, Y. Lei, X. Shao, F. Ming, H. Xu, K. Wang, and X. Xiao, Biomaterials David G. CastnérUniversity of Washington INVITED
Nanotechnology27(13), 135704, (2016). Surface science plays an important role in a wide range of research and
. . . . devebpment areas such catalysis, biomaterials, microelectronics, clean
[ax Tajaddodlanfarz S. O. R. Moheimani, J. Owen, BhdRandallRev. energy and corrosion. The toolbox of surface scientist allows us to easily
Sci. Instrum 8%(1), 13701, (2018) move across research topics and make significant impacts in both industrial

5:00pm AM+MP+NSNeA9 Kilobyte Scale Data Storage through and academic settings. The typicalfse scientist is an expert in multiple

Autonomous Atom AssemblyA.F. Otte David Coffey Delft University of techniques, surface modification, sample preparation/handling and
Tednology, Netherlands INVITED instrumentation. We have all benefited from the significant and numerous

The ability to manipulate individual atoms by means of scanning tunneling2dvances that have occurred in the past 40 years in terms of improved

microscopy (STM) opens op opportunities for storage of digital data on thenStrumentation, introduction of new techniques and development of
atomic scale. Recent achievements in this direction include data storagesoPhisticated data analysis methods, which has allowed us to perform
basedon bits encoded in the charge state, the magnetic state, or the local d€t@iled analysis of —increasing complex samples. For example,
presence of single atoms or atomic assemblies. However, a key challenge ZOMPrehensive analysis of surfaces and surface immobilized niegecu

this stage is the extension of such technologies into e rewritable with modern surface science instrumentation provides an unprecedented
bit arrays. We demonstrate a digi atomic scale memory of up to 1 level of detail about the immobilization process and the structure of the

kilobyte (8,000 bits) using an array of individual surface vacancies in d"'Mobilized molecules. Results fromray photoelectron spectroscopy
chlorine terminated Cu(100) surface. The chlorine vacancies are found td*XPS). timef-flight secondary ion mas spectrometry (ToSIMS), near
be stable at temperatures up to 77 K. The memory, crafted using scanning:d9€ ay absorption fine structure (NEXAFS), surface plasmon resonance
tunneling microscopy at low temperature, can be read andwritten SPR’_) and quaftzrystal microbalance with dissipation (QGZM blosengmg,.
automatically by means of atomic scale markers, and offers an areg/dtomic force microscopy, and sum frequency generation (SFG) vibrational

density of 502 Terabits per square inch, outperforming st#téhe-art spedroscopy combined with computation methods such as molecular
hard disk drives by three orders of magnitude. dynamic (MD) and Monte Carlo (MC) simulations provide important

information about surface chemistry and structure. However, even with
the advances that have been achieved with these powerfubserkcience
techniques, there still remain many significant challenges for surface

Full functionality of this approach is demonstrated with magnetotransport
measurements on degenerately doped STM patterned Si:P nanowires up to
room temperature, made possible by the use of silicon on insulator
substrates.

1Medard W. Welch Award Winner
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scientist. These include characterizing the surface chemistry and structure4:20pm BI+AC+AS+HC+NS+SSAER7 Invited TalkFuture Stars of AVS

of nanoparticles, determining the atomic level structure of complex
molecules bound to surface3D imaging of samples, and improved sample
preparation methods that maintain materials in a relevant state when
using ultrahigh vacuum based analysis techniques.

Session: Surface Bparation Methods for the Selective Oxidation of
Ethanol to Acetaldehyde over TiAu(111), Ashleigh Babek D.T. Boyle, J.
Wilke, V. Lam, D. Schlosstames Madison University

Obtaining a moleculalevel understanding of the reaction of alcohols with

This talk will discuss my adventures as a surface scientist starting from heterogeneous model catalissis critical for improving industrial catalytic

chemisorption and eactivity studies of small molecules on single crystal

processes, such as the production of hydrogen from alcohols. The use of

surfaces followed by industrial catalysis research and eventually moving toreducible oxides provides a source of oxygen on Au(111) for the reaction of

biomedical surface analysis with side ventures into areas such as clean

energy. It has been an exciting journey and | wi# iisto provide some

ethanol, which is easily regenerated in the presence aamen
background. The redox chemistry of small alcohols, including methanol and

examples of the multidisciplinary nature of surface science as well as Propanol, has been studied on Au(111) supportec ihioparticles, yet

discuss opportunities for addressing future challenges.

3:00pm BI+AC+AS+HC+NS+SSAER3 Invited TalkFuture Stars of AVS
Session: Making, Studying, and Designingerdrchically Structured Soft
Materials, Keith A. Brown, Boston University

Nature realizes extraordinary materials by structuring them precisely from
the molecular scale to the macroscopic scaléhile nature may have
perfected this process over evolutionary time scales, synthetically
recapitulating this level of control is tremendously difficult due to the large
number of length scales involved and our limited knowledge of interactions

between these scales. Faced with the daunting challenge of synthetically

realizing soft hierarchical materials, we have adopted a three pronged
strategy to: (1) make structures with control from the molecular scale to
the macroscopic scale by directing bottarp growth processes with top

down control, (2) learn how the properties of such materials emerge from
their hierarchical structure, and (3) design the best performing structures

the active site for the chemistry has not yet been elucidated. Depending on
the surface preparation calitions, Au(111) supported Ti@anoparticles
react with small alcohols to form either reduced and oxidized products. The
desire to selectivity form oxidized or reduced products merits an
investigation of alcohol reactivity over differently prepared ;J&n(111)
surfaces. In this work, a systematic study of ethanol reactivity over several
TiQ/Au(111) surfaces elucidates the effect of surface conditions on the
selectivity of the reaction between ethanol and 7iu(111). The
reactivity of the surface forteanol oxidation was altered by controlling the
oxidation state of Tig{x<2). Atomic force microscopy (AFM) provides
information regarding the structure of the Au(111) supportedzTiO
nanoparticles and ultrahigh vacuum temperature programmed desorption
(THD) monitors the selectivity of the reaction between ethanol and
TiQ/Au(111). The presence of Bifanoparticles on Au(111), ~25 nm in
diameter, led to the catalytic conversion of ethanol to acetaldehyde at
temperatures greater than 400 K. Low coverages of fully oxidized TiO

using novel approaches borrowed from machine learning and autonomousnanoparticles on Au(111) are active for the selective oxidation of ethanol to

research. In thle talk, we wil on report recent progress in this

form acetaldehyde.

complementary areas of making, studying, and designing hierarchical

materials. In particular, we will focus on two major classes of materials,
nanoparticlebased structures where the assembly and orgamzatof

4:40pm BI+AC+AS+HC+NS+SSAERS Invited TalkFuture Stars of AVS
Session: Single Atom Catalysis: An Atof8itale ViewGareth Parkinsofy

particles leads to emergent mechanical properties at the bulk scale and!Y Wien, Austria

polymerbased materials where we are connecting the synthesis,

patterning, and properties of polymer structures across scales. In addition

to lessons about the fundamental progiems of hierarchically organized
soft matter, we will highlight the synergies possible when combining,
synthesis, detailed characterization, and advances in materials design.

3:20pm BI+AC+AS+HC+NS+SSAER4 Invited TalkFuture Stars of AVS
Session: VapoPhase Infiltration for Transforming Polymers into Hybrid
Materials: Processing Kinetics and Applicationdark Losegé, Georgia
Institute of Technology

Vapor phase infiltration (VPI) is an emerging processgechnology for
infusing polymers with inorganic constituents to create new organic
inorganic hybrid materials with novel chemical, electrical, optical, and/or
physical properties. These new hybrid materials have demonstrated
applications including cheicel separations, photovoltaics, and
microelectronics patterning. This talk will focus on our development of a

fundamental VPI processing kinetics phenomenology to create a pathway
for rational design of material composition and structure. By measuring VPI

compositional profiles as a function of space or time and temperature, we
can extract fundamental energy barriers for the sorption, diffusion, and

reaction processes and delineate amongst different rate limiting steps. In

our materials development, we a@h find that partial infiltration of a
polymer film, fiber, or foam is sufficient to impart desired properties; so
rational design of the infiltration kinetics can enable desired performance
without waste in processing time or materials. Here, we will destate
several examples including our work to create chemically insoluble
polymers and membranes. We find, for example, that infiltration depths of
about 0.75 microns are sufficient to yield PMMA chemically insoluble in
organic solvents regardless of whet it is in a thin film geometry or a
macroscopic plexiglass object of centimeters in dimension. In-1PIM

Singleatom catalysis is eapidly emerging area of research that aims to
maximize the efficient usage of precious metals throégjhgle atong
active sites. Although catalytic activity has been demonstrated for several
singleatom catalyst systems, an inability to accurately chteaze the
catalyst based on single atom active sites ensures that that the field
remains controversial, and little is really known about how a single atom
adsorbed on a metal oxide support catalyzes a chemical reaction. In this
lecture, | will describedw we are addressing the crucial issues of stability
and reaction mechanism using a surface science approach. The work is
based on the magnetite (001) surface, which exhibits an unusual
reconstruction based on subsurface cation vacancies.

The surface stalizes ordered arrays of metal adatoms (of almost any
variety) with a nearest neighbor distance of 0.84 nm to unprecedented
temperatures as high as 700 K. Crucially, because the geometry of the
adatoms is uniform and precisely known, reactivity experimenés
performed on a weltlefined model system, and theoretical calculations
can be performed to shed light on the mechanisms at work. Several
examples of our recent work will be used to illustrate the trends discovered
to date, including how strong CO adgtion destabilizes Pd and Pt
adatoms leading to rapid sintering, and how extraction of lattice oxygen
from the metaloxide is central to catalytic activity in the CO oxidation
reaction.

5:00pm BI+AC+AS+HC+NS+SSAERI Invited TalkFuture Stars of AVS
Sesfon: Multimodal Chemical and Functional Imaging of Nanoscale
Transformations Away from EquilibriumOlga Ovchinnikovg Oak Ridge
National Laboratory

The key to advancing energy materials is to ustlerd and control the
structure and chemistry at interfaces. While much of the dynamic
chemistry can be studied on maescale systems, there is a lack of means

membranes used for chemical separations, we find that we can achieve 3o localize chemical measurements and correlate them to nanoscale

30 wt% inorganic loading with a single infiltration exposure. After

structure of the material. ThHough a unique merger of advanced scanning

infiltration, these membranes become stable in new separations solventsprobe microscopy and mass spectrometry techniques rooted in innovative

that previously swelled and/or dissolved the polymer.
(Submitted for the Future Stars of the AVS Symposium.)

1 Future Stars of the AVS
2 Future Stars of the AVS
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data processing and control algorithms, we are now able to understand the
interplay between chemical and physical functionality at the fundatake

length using multimodal chemical imaging. This multimodal imaging
transcends existing techniques by providing nanoscale structural imaging

with  simultaneous quantitative nanomechanical properties and
8 Future Stars of the AVS
4 Future Stars of the AVS
5 Future Stars of the AVS
2:20 PM
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quantitative chemical analysis. In this talk | vdiscuss how we have The relationkip between the formation energy of the mixed metal surface

developed and used this capability to visualize dynamic material and adsorbate interactions will also be discussed.

transformations at interfaces, to correlate these changes with chemical

composition, and to distil key performanoentric material parameters.

One exciting capability that the AFM can be used to drive materials away MEMS and NEMS Group

from eq.wllbrlum.at the nanoscale with h[ghly Iocallged e_lectrlc flglds. This Room 202B Session MN+2D+AN+NSeA

allows field confinement effects on localized chemistry in materials to be

locally probed, especially at interfaces. This imtyields direct information 10T Session: MEMS for 10T: Chemical and Biological Sensing

on key energy related questions such as electron and ion motion Moderators: Robert DavisBridham Young UniversitySushma KotruThe

distribution and transport at and between interfaces. We have applied this University of Alabama

approach to the study of systems and processes that underlie energy ) o

capture, conversion rad storage, including photovoltaics and oxide 2:20PMMN+2D+AN+NSVeAlBioMEMS for Eye Applicatiop&u-Chong

ferroelectrics, which have historically eluded comprehensive understanding Tai California Institute of Technology INVITED

of the mechanisms behind the spatially heterogeneous interfacial The field of MicreElectroMechanical Systes (MEMS) has advanced

chemistry and its link to material performance. Overall, | will fomusvays tremendously for the last 20 years. Most noticeably, however, the field has

to unlock the mystery of active interface formation through intertwining mostly advanced in microsensors such as pressure sensors, accelerometers,

data analytics, nanoscale elemental and molecular characterization, withdyros, microphones for cell phone and smart instrumentation applications.

imaging; to better grasp the physical properties of materials and the Looking érward though, in my opinion, one future direction of

mechanistic physieshemistry itterplay behind their properties. MEMS/NEMS is for micro biomedical devices. Among many possible
biomedical applications, one challenging but promising branch is micro

5:20pmBI+AC+AS+HC+NS+SSA/ERA10Invited TalkFuture Stars of AVS  implants. Why micro implants? Body tissues (especially neuronsg onc

Session: Expanding the Structural Toolkit to Characterize HeaVy Actinide Severe|y damaged’ do not repair or regenerate eas”y and often leave

Complexes Rebecca Abergé| Lawrence Berkeley Lab, University of pehind permanent debilitating deficits. Engineering implant technologies to

California, BerkeleyG. Deblonde, A. Mueller, P. Ercisyrence Berkeley  interface intact tissues and/or to replace defective functions have

National Laboratory A.M. Minor, Lawrence Berkeley Lab, Univgysof continued to be the main solutions for mg diseases. As our world is
California, BerkeleyC.H. Booth, W.A. de Jogwrence Berkeley National  facing more severe aging population problems, significant growth in
Laboratory R. Strongf-red Hutchinson Cancer Research Center implant applications is foreseeable. As a matter of fact, there are already

Structural characterization of actinide elements from actinium to many existing commercially available implants such, as pacemakers and
einsteinium can be a challenging task due ke thigh radioactivity and  cochlear impants, but they all have a lot to improve. For examples,
limited availability of some of the isotopes of interest. However, significant cardiovascular implants like defibrillator and pacemakers are still bulky,
work is needed to address a certain lack of understanding of the mechanically rigid, power hungry, and functionally limited. The future
fundamental bonding interactions between those metal centers and implants should be even smaller, flexible, power &fi¢ and more
selective ligands. 8h understanding presents a rich set of scientific versatile so that they can be used at places not possible before. This talk
challenges and is critical to a number of applied problems including thewill review the research of implants done at the Caltech MEMS lab. More
development of new separation strategies for the nuclear fuel cycle, the specifically, this talk will focus on bioMEMS implant devices to treat eye
need for decontamination after a nuclear accident or thee usf radio diseases. Examplesf devices will cover the four major ophthalmic
isotopes for new cancer treatments. Our studies utilize luminescencediseases, i.e., cataract, glaucoma, -aglated macular disease and diabetic
sensitization, UWisible, Xay absorption, and Xay diffraction retinopathy that make of close to 80% of world blindness. It is believed that
spectroscopic techniques as well as transmission electron microscopy an®ioMEMS can also have many other opportunities féreotorgans in our
electron energy loss spectroscopy tavestigate specific heavy actinide body too.

coordination features. Using simple inorganic complexes but also strong ) . )

hard oxygerdonor ligands as well as more elaborate higher molecular 3:00PmMN+2D+AN+NSVeA3RealTime, Single Cell, Size Measurements
weight protein assemblies allows the differentiation of heavy actinide USing @ Facile, Multimode Microwave ResonafoSelim Hanay H.
specieseven when limited to minute amounts of materials. Innovative Aydogmus, A. Secme, H.S. Pisheh, M. Kélgant University, Turkey

structural characterization approaches based omay absorption, Xay In this study, a facile microwave sensor is designed and fabricated to detect
diffraction and electron microscopy that were applied to series of transient cels one by one and extract their morphological and electrical
isostructural systems and used to derive coordinati@ndls in the later & properties in real time, without labeling. Multiple modes can be measured
element sequence will be discussed. by multiplexing the electronic frequencies to obtain multiple analytic

) parameters at the same time. Our simple fabricatteechnique obviates
540pm BI+AC+AS+HC+NS+SSAERA11Invited TalkFuture Stars of AVS the need to Comp|ex fabrication process.

Session: Trends in Adsorbate Interactions with Bimetal Surfadesey
Arnadottir?, L.H. Sprowlregon State University

Surface chemistry plays an important role in a large range of application
and technologies, such as catalysis and electrocatalysis, device fabricati
through film growth, and degradations through oxide formation,
carbonization, and corrosion. Bimetal fages are of increasing interest for
single atom catalysis and corrosion resistance of alloys. Previous studie
have shown correlations between adsorbate interactions afdzhdd shifts

A microwave sensor, in the form of a microstrip line resonator, is
constructed by fixing copper tape at the back and the front side ofrarlL

Sthick glass slide. The backside is covered entirétly the tape to form a

0Bround plane; on the front side, a copper tape was thinned within a few
mm, extended across the slide and terminated with SMA feed through. On
the front side, just below the copper tape, five capillary tubes are placed to
Fransport the cells into the active sensing region. Microwave signals are
transmitted through the two SMA ports at the end of the glass slide,

fct>r dtlfferen:) rtnfetals _asdwellt TS fc;r alloilrl]ng etffectsfc;; me(;al s::ndwgih perpendicular to the flow. The resonator is formed by electrically shorting
structures, but tor mixed metal surtaces theé nature ot the adsorption Site 4, input/output ports. An initial characterizain of the device is done by

can change (en_semble effect) as well as the number of electrons_ in theusing spectrum analyzer so that its first and second order mode
surface layer which effects thelshnd center. Here we explore correlations frequencies are obtained.

of adsorbate interactions with méd metal surfaces through density o )

functional theory calculations of adsorbate interactions with different A digital phasdocked loops (PLL) measurement system with PI controller
facets, (100) and (111), of pure Ni and eleverbasied surface alloys as Was constructed to track the resonance frequencies of the fivst modes
well as Ni in different host metal. We find that the addition of surface Simultaneously in reaime. The PLL system tracks the two modes of the
alloying atom has little effect on the binding of CO and C but C bindingMicrostrip line resongtor to sense the frequency shifts originating from the
varies for different facets. On the other hand, O binding is highly Passage of the cells in the capillary.

dependent on the alloying element due to ensemble effect. This has anAs a proof of concept, initial PLL measurements were duitie DI water.
interesting effect on the predicted reaction emges of CO dissociation As water flows through the tube, frequency shifts around 100 kHz were
which is endothermic on the (111) facet and exothermic on the (100) facetobserved in both modes. Later on, wildtyB&br3breast cancer cells were
governed by C interactions but the changes in the reaction energy withinflown through the same capillary. Frequency shifts in both modes were the
each facet are mostly governed by the ensemble effect on O adsorption.responses of the resomar to the passage of theSkbr3cells beneath
microstripline. The ratio between the first and second mode frequency
1 Future Stars of the AVS shifts can be used determine the location of each cell by-tweale theory.

2 Future Stars of the AVS The analyzed data indicates almost a constant slope, verifyireg t
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positional response of the sensors. Moreover, the size distribution of the  sensor characteristics, the spiral inductor and interdigitated capacitor

cells is cumulated around a contour line for constant size as expected. structures are formed by a liquid metal, eutectic galliindium (EGaln). A
Earlier, we had detected single cells and distinguished different oncogenic Subtractive reverse stamping technique is used to form the conducting
cell lines using a PDMS bag#elice. With this work, singleell detection liquid metal lines with dimensions as small asrZinside PDMS

and sizing are accomplished with a device paradigm that does not requiremicrochannels and a 3D heterogeneous integration technique is applied to

any lithography, metal deposition under vacuum or precise alignment of vertically stack and electricallyterconnect the capacitor and inductor
electrodes. structure. Liquid and gaseous analytes change the capacitance and are

detected by wirelessly measuring the resonance frequency of4fie L

We acknowledge funding from European Research Council (ERC) Starting circuit around 143MHz

Grant (REM, 758769).

) ) ) ¢ 5:40pmMN+2D+AN+NS8VeAllEtched Silicon Microcolumn Fdrunable
4:20pm ) MN+2D+AN+NSV€A7 ) Me'lgnetlc _Mlcrosystems or Thermal Gradient Gas Chromatographaron Davis P. Schnepf, P.S. Ng,
Communications Rob Candler University of California at Los Angeles R.R. Vanfleet, R.C. Davis, B.D. Jeisagham Young University

. . . . . INVITI The connection of the digital and physical world will be strengthened by
We_are W|tness_|ng a rapid expansion of.embedded devices _(IoT) that have 8y amical sensors that can measure complex mixtures obcatgs. Gas
variety of functions but a common requirement, to communicate with one chromatography is the gold standard for identification of volatiles and

anothe_r. These devices_ will be connected ona scale previously unseen, anaases. Conventional gas chromatography systems have unparalleled
they will therefore require an appach to efficiently generate and receive resolution, but are large and power intensive. Microcolumn gas

El_ecktr(;magnetilc Wﬁveﬁ ina slrlnall form factor. One slfthh afpproach is to chromatographs are more portable but have adratically reduced
r(;t |ndt € way € ECtr'CT y sma ﬁnéenn?i ope_rate, shitting rcl)nf:ea_cwrent resolution. Combining the resolution of conventional systems with the size
ase anFenna toavo _tagmntro ed mult erroic antenn_a. Multi oics factor of micro systems is important for improving the affordability and
are material systems with coupled magnetic and electrical properties, and portability of high performance gas analysis. Recent work has
th?y offera‘new route for the miniaturization of m_agnetlc “@dUP'ed demonstrated feasibility ofhigh resolution separation of gases in a
devices. Multiferroic systems allow for the conversion of magnetic flux to a benchtopscale shorcolumn system by controlling thermal gradients
voltage (and vice versalithout the need of a wire loop, avoiding through the column. In order to further decrease the size of a gas

inefficiencies due to Ohm!c _Ios!s. partl_cular, strglmouple_d chromatography system, microfabrication techniques were used to
heterostructure®f magnetostrictive and piezoelectric materials have demonstrate thefabrication of a thermally controllable miciszale gas

received much attention, as they can offer magnetectric coupling many o matographic column with a small footprint (3 cm square). To fabricate
order of magnitudes higher than found in singdbase materials. A rapidly microcolumns we are using deepactiveion-etching, nickel evaporation,
emerging research space in multiferroics is the development of miniature and wafer bonding. The design of the 20 cm colunilizess 21 individually

wireless devices, such as antennas and energy harvesters, taking advantage, o |japle thin film heaters and solid conduction cooling to produce the
of the efficient fluxto-voltage convesion of multiferroics. In this talk, | will desired thermal profile

present work showing the impact of multiferroic coupling on the
ferromagnetic resonance in GHz Bulk Acoustic Wave resonators, as well as
investigations in frequency mixing from ndinear multiferroic affects. . Lo
These results are all in support of our goal create a microscale multiferroic Nanometerscale Science and TeChnOIOQy Division

antenna that is orders of magnitude more efficient than its classical ~Room 203A Session NS+MN+PC+B8A

antenna counterpart. loT Session: Bio at the Nanoscale
Furthermore, continued miniaturization of existing and emerging Moderators: Jumj Topolancik Roche Sequencing Solutiohsya Yy NIST
components that use magte (atomic clocks, quantum computing, Center for Nanoscale Science and Technology
magnetic memory) will increase their sensitivity to external magnetic fields
as well as the crosstalk between components. To address this need, we ar$:00pm NS+MN+PC+88eA3 Nanoscale Labefee Imaging of Protein
developing techniques for echip magnetic shielding using multigéeyers Molecules via Photdnduced Force MicroscopyD. Nowak,Sung Park
of permalloy. We will present recent results showing microscale magnetic Molecular Vista
shields fabricated by electroplating multiple permalloy layers into molds, as Nanoscale real space imaging of biological and biomaterial surface is not
well as milliscale shields that were conformally electroplated on 3D printed ~ straightforward even with advances in microscopy techniques. Photo
sheaths. induced Force Microscopy (PiFM) [1] combinesairefd (IR) absorption
spectroscopy and atomic force microscopy (AFM) via illumination of the

5:00pm MN+2D+AN+NSVeA9 MEMSBased Resonant Sensors for 10T i sample junction with tunable IR laser light and mechanical detection of

Applications Oliver Brand M. Kim, P. Getgeorgia Institute of Technology  forces acting on the tip in response to absorption of light by the sample. By

INVITED mapping tfe IR absorption of the sample as a function of IR wavelength
The presentation discusses resonant microsensors, in which the measurandgng position, nrscale resolution is achieved in displaying the locations of
affects a characteristic of the resonance behavior of a resonant heterogeneous materials on the surface of a sample. For protein
microstructure or a resonant circuit, such as its resonance frequency or - molecules, amide | and Il bands are readily accesgibleinable quantum
quality factor. Resonant sensing is a vensaéle sensing approach and cascade laser and provide ways to interrogate the mole@udeal
can be adapted to a large variety of physical, chemical and biological chemical environment. PiFM can provide both high resolution spectral

measurands. Especially when using the resonance frequency as the sensingmaging at a fixed wavenumber and full PiFM spectrum (analogue to FTIR
signal, high resolution is achievable since frequencies can be measured spectrum) with a spectral sslution of 1 crt and spatial resolution of sub
accurately.The presentation will highlight two possible implementations of 10 nm. Results on collagen molecules, individual icosahedral protein cages,

resonant chemical sensors for Internet of Things (loT) applications, a and nanoparticle/protein systems will be presented.
cantileverbased electromechanical resonator and a purely electrigal L [1] D. Nowak et al., Sci. Ady.e150157 (2016).
resonance circuit.

The first example is an elee-mechanical resonant chemical sensor based 3:20pm  NS+MN+PC+88eA4  Evallating Reactiondiffusion
on a silicon hammerhead structure coated with a polymeric sensing film forImmunoassays via Higtesolution Imaging Techniques Imanda
the detection of volatile organic compounds. The presentation will Jayawardena University of Queensland, Austrgliés. Corrie,Monash
highlight how proper selection of the resonance mode, in this case-a University, Australial. GrondahlJniversity of Queensland, Australia
plane vibration mode, and device geometry can improve device Immunodiffusion is a simple assay used for the determination of a target
performance and how fast temperature modulations of the resonant protein concentration in a biological sample using a distemased
sensors enable the observation of signal transients that contain additional measurement. The assagilows the sample containing the antigen of

analyte information. The sensors are fabricatesihg a CMO8ompatible interest to combine with an antiserum in a d®sed substrate leading to
bulk-micromachining process, have resonance frequencies between 400 the formation of a ringshaped precipitate recipitin ringp, the size of
800kHz and achieve sydpm limits of detection for select analytes. which is proportional to target protein concentratidtsingthe malarial

The second example is a purely electrical resonant chemical sensor in fornfnt'gf]n HfRPZ qnd antisera from mmum_zed rabbltfs as the ?Odel system,
of a flexible and strehable EC (inductorcapacitor) sensor, which is for 1 ed_f'ert_ time, we are |nvest|ga_1ct‘|ngdtrans_c_)rm|fng the current
battery free and can be wirelessly interrogated. To achieve stretchable immunodiffusion assays into a more rapid and sensitive format.
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The traditional assay substrate, agaroseaiseverely diffusion limited sample forces in H&pping modeAFM and PORT revealed that imaging
system. The porosity of the gel is a key determinant of diffusion propertiesforces in PORT are less than'ldg§those exerted irtonventional HH\FM.

and is an essential parameter required for the study and modification of one of the key enabling factors for PORT is the real time control of the
the assay. However, the scientific data on agarose pore size determination.apiilever position using photothermal excitation. This requires low level,
is based on artefact laden microscopy images of agarose hydrogels. Thugoniro| of the feedback architecture and optimized AFM instrumentation. |
we have performed an idepth investigation on best imaging techniques i giscus the relevant components developed in my laboratory and

for accurate pore size determination. The precipitin ring structure is a bandexplain how we share them with the broader scientific community using an
of antigenantibody precipitate, irsignificant contrast with the surrounding openhardware scheme.

gel substrate. A brief preliminary investigation has been reported by . . EE .
Fedorov et al. on precipitin ring struct#reand we have extended this work We, apply PORT to d|ssef:t the fser_nbly reactlo.n. of SABproteins,
by applying microscopic imaging techniques which form a nindold radially gmmetric ringcontaining structure that

) . ] . seeds formation of the centriole organelle present in all eukaryotic cells.
For imaging hydrogelsiigh pressure frozen gels were subjected to0 €ryo  sing machine learning algorithms we traced hundreds of molecules over
SEM, and was established as the most accurate technique to study thegme 1o extract reaction kinetics from single molecule interactionsese
native structure of the gel. Atomic force microscopy was found t0 measyrements show that-ld closed SAS rings are under préension in
complement cryeSEM data while CLSM due to its limited resolution Was ihejr natural state. Due to the high temporal and force resolution provided
found to be inadequate for the imaging of hydrogels. For imaging the p,, pORT, we found that, contrary to the current belief, more than one
protein-rich precipitin ring structure, high pressure frozen ring sections assembly route exists to reathe nine fold symmetry. These observation

were subjected to crSEM, however, more meaningful insight on the ring  resets our current thinking about the assembly kinetics of this crucial step
structure was obtained in this instantierough CLSM studies. in cell replication.

Herein, we aim to present our work described above on imaging agarose ) )
hydrogels for accurate pore size determination and imaging precipitin ring 5:40pm NS_+MN+_PC,+§W8A1_1 ngelopme_nt o_f Multimodal Chemlc_al
structures associated with immunodiffusion assays. Nano-Imaging forin situ Investigations of M|crob|_a_| Sgtems A. Bhattqral,

B.T. O'Callahan, P.Z. El Khousgott Lea Pacific Northwest National
Laboratory K:D. Park, E.A. Muller, M.B. RaschWajversity of Colorado
Boulder
Existing genomic and biochemical methods cannot directly probe the
physical connections involved in microbial metabolic processes over
relevant length scales, spanning the namescmicrometer spatial
regimes. Determining the location and function of such biomdles
would aid in identifying the mechanisms governing microbial interactions.
We are addressing these technical and conceptual gaps by developing a
single multimodal chemical imaging platform that can interrogate
biomolecules in living systems using threemplementary labefree,
nanoscale, ultrasensitive chemical imaging techniques:

1. Mancini, G.; Carbonara, A. t.; Herans, JImmunochemistryl 965

2. Fedorov, A. A.; Kurochkin, V. E.; Martynov, A. I.; Petrov,JBuivial of
Theoretical Biolog2010

3. Aston, R.; Sewell, K.; Klein, T.; Lawrie, Gndahl, L European Polymer
Journal2016

4:20pmNS+MN+PC+88eA7 The Last Nanometerg Hydration Structure
of DNA and Solid Surfaces Probed by UHagh Resolution AFMUri
Sivan K. Kuchuk, |. Schlesing&gchnion- Israel Institute of Technology,
Israel INVITED
Recent advancements in atomic force microscopy facilitate atomic
resolution threedimensional mapping of hydration layers next to
macromolecules and solid surfaces. These maps provide unprecedented
information on the way water molecules organize and binesie objects.
Since the hydration structure governs the energetics of solvation and
interactions between objects immersed in solution, the new data are
invaluable when trying to resolve fundamental questions such as
identification of molecular binding siseand interaction mechanisms.

Infrared scattering scanning nefield optical microscopy (IRSNOM)
Tip-enhanced Raman nargpectroscopy (TERS)
Multimodal hyperspectral optical narspectroscopy.

We havebuilt and developed these imaging modalities independently prior
to integration into a single, multimodal chemical nanoscope. As part of our
benchmarking experiments, we performed TERS measurements targeting
prototypical systems and constructs and demaoattd <1 nanometer
precision in ambient TERS chemical imaging measurerfiemiée also
established an overall broader scope of TERSd illustrated that TERS is
not restricted to nanoscale chemical imaging, but can also be used to probe
different aspecs of local fields confined to a few nanometers. Our new
setup, equipped with a hyperspectral imager, enables hyperspectral
fluorescence, optical absorption, dafield scattering, Raman scattering,
and topographic imaging. Recently, we used this capaliityisualize

After a short presentation of our homeuilt microscope, characterized by
sub 0.1A noise level, the talk will focus on two representative studies. The
first one will disclose our recent finding that in solutions in contadh wi
atmosphere, hydrophobic surfaces are generically coated with a dense
layer of adsorbed gas molecules. This layer renders the hydrophobic
interaction a certain universality, regardless of the underlying surface. The < raptit e ) ‘
second study will present our recenicess in obtaining ultrgigh pigments in lipid monolayers and within a single liVe lutea cell in
resolution images of DNA and 3d maps of its hydration structure. This studyslution¥l For IRsSNOM, we are working on developing an AFM capable

shows that labile water molecules concentrate along the DNA grooves, in of bottom illumination and collection of IR light to support measurements
agreement with known position of DNA binding sites. in aqueous environments he approach would use a piezoelectric scanner

mounted ZnSe prism to enable evanescent wave illumination and collection
of scattered IR light. We are also benchmarking thes-8NOM with the
TERS and hyperspectral imaging modalites on a number of model
biological systems including bacteria, collagen, and cytochromes.

5:00pm NS+MN+PC+88eA9 Open-hardware, Highspeed Atomic Force
Microscopy using Photothermal Offesonance TappingGeorg Fantner
Ecole Polytechniquedgéral de Lausanne, Switzerland INVITED

Selfassembly of protein complexes is at there of many fundamental  This ynique AFMbased instrument could be used to investigate a wide
biological processes. To reach a comprehensive understanding of thgange of biomolecules through their characteristic electronic and
underlying protein seiissembly reactions, high spatial and temporal yjprational signatures, over the namoesomicrometer sctes. This
resolution must be attained. This is complicated by the need to not pjatform will not only enable recording chemical images of single microbial
interfere with the reactior during the measurement. Since safsemblies g5 at the subcellular level, but it will also enable mapping entire microbial
are often governed by weak interactions, they are especially difficult to communities with chemical selectivity.

monitor with highspeed atomic force microscopy due to the roegligible

tip-sample interaction forces involved in current methodseréd we
develop a higkspeed atomic force microscopy technique, photothermal
off-resonance tapping (PORT), which is gentle enough to monitor self
assembly reactions driven by weak interactions. Using photothermal
actuation on ultrasmall HSAFM cantileverswve perform forcedistance
curves at two orders of magnitude higher rates than in conventional off
resonance methods. From the tirdomain tip sample interaction we
extract tipsample force curves to quantify thastaticéforces due to the
cantilever defledbn, and thedimpact forces due to the rapid deceleration

of the cantilever tip upon impact. Experimental characterization of the tip
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1. Bhattarai A and Ehoury PZ (201TQhem Comms8(53): 73167313.
2. Bhattarai Aet al. (2017)Nano Letl7(11): 71317137.
3. Novikova I\ét al. (2017)Chem Phy98-499: 2532.
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2D Materials Focus Topic
Room 201B Session 2D+EM+MI+MN+NS+BH/

Novel 2D Materials
Moderator: Han WangUniversity of Southern California

8:20am2D+EM+MI+MN+NS+S5M2 Controlled Growth of 2D NSilicate
and Silica Films on Mrdix (111) SubstratesChao Zhou X. Liang, G.S.
Hutchings, Z. Fishman;H. Jhang, S. Hu, S. Isridligi, U.D. Schwarz, E.I.
Altman, Yale University
The discrete lattice constants and distinct chemical properties of different
transitionmetal substrates hamper the systematic study of how the
substrates can influence twdimensional (2D) materials growth. The
recent report of singlerystal epitaxial NPd alloy films with continuously
tunable lattice constants open the possibilities takée this issue. Two
dimensional silica and transitiemetaldoped silicate films prepared on
metal substrates can be 2D analogues of porous bulk zeolites. In this
research, 2D silica and-Bllicate films were prepared on,Rick.x (111)
substrates under ifferent growth conditions. After annealing in<20° Torr

9:40am 2D+EM+MI+MN+NS+98M6 Dipolar Disorder of a vamler-
Waals Surdce Revealed by Direct Atomic Imagirg.A. SusnerAir Force
Research LaboratoryM.A. McGuire,Petro Maksymovych Oak Ridge
National Laboratory

Recently, the family of transition metal thiophosphate@xhibiting
ferroelecric, antiferromagnetic and correlated electron ground states
have gained attention as possible control dielectrics for the rapidly growing
family of 2D and quaskD electronic materials [1]. Being vder-Waals
crystals, the surfaces of these materials can be created without dangling
bonds, unlike those of complex oxides. Yet, because of robust insulating
properties, the structure of their surfaceshe role of disorder, the
structure of the topological defects in the order parameter and many other
properties directly relevant to their prospective interfaces is almost entirely
unknown.

Here we present the first atomically resolved imaging of CifseRearried

out using cryogenic neoontact atomic force microscopy. The surface
exhibits good crystalline ordering at the atomic scale, revealing contrast on
subunit cell level. The most remarkable property is laagge

oxygen, Ni from the alloy substrates incorporates into the silica structure to commensurate modulation of the siace morphology, with a topographic

form a crystalline 2D Miilicate structure, while an amorphous 2D silica
bilayer can be observed after being anneailedx10® Torr oxygen. Density
functional theory (DFT) was employed to model various silica and silicate
phases on MPdix (111) substrates. The results show that the 2Bilate
films are thermodynamically stable on the substrates when the oxygen
chemical potential is in the oxygemch range. In oxygedeficient
environments, 2D silica tends to form a stablefitde phase. With
continuous control over the composition of NiPd alloy films, the surface
strain applied on the Msilicate films through théattice mismatch between
the substrate and overlayer could also be continuously tuned. Only single
domain commensurate crystalline 2D-$licate can be observed in zero or
low-strain systems, while a second incommensurate crystalline domain
which is rotéed by 30 with respect to the commensurate domain can be
observed when the lattice mismatch is over 1.85%.

8:40am 2D+EM+MI+MN+NS+S8M3 Topological Materials Hsin Lin
Institute of Physics, Academia Sinica INVITED

amplitude of only 23 pm. Combined with XRD analysis of the bulk and
Monte-Carlo simulation of the Ising model on triangular lattice, we propose
that the modulation arises from antiferroelectric polarization domains,
albeit with frustrated longrange order. The key structural ingredient for
this state is centrosymmetric position of*Swithin the layer, which forces

the surrounding displacing Cu+1 ions to adopt a frustrated antiferroelectric
state - in direct analogy fistrated magnetic systems. We will further
discuss the peculiarities of #M imaging of this materials from the
statistical analysis of the variation of images between scan, as well as the
force-distance curve arrays. The possibility to directly visegliaar order
opens broad opportunities to understand the atomistic aspect of
ferroelectric, glassy and incommensurate phases in this material class,
beginning with Culnf% ¢ which exhibits Curie temperature ~315K and
giant negative electrostriction [2].Research was sponsored by the
Laboratory Directed Research and Development Program of Oak Ridge
National Laboratory, managed by Battelle, LLC, for the U. S. Department
of Energy. Microscopy experiments were conducted at the Center for

Topological materials host various novel quantum phases of eIectrons|\lanophaSe Material Sciences, which is a DOE Office of Science User

which are characterized by band topology and topologically protected
surface/edge states. Despite recent progress, intense waitte research
activity in search of new classes of tdpgical materials is continuing
unabated. This interest is driven by the need for materials with greater
structural flexibility and tunability to enable viable applications in
spintronics and quantum computing. We have used -farshciples band
theory camputations to successfully predict many new classes of
topologically interesting materials, including®s series, the ternary half
Heusler compounds, TIBiStamily, LiAgSkclass, and GeHie, family as
well as topological crystalline insulator (TCHT& family and Weyl
semimetals TaAs, StS{(Mo,W)Te, TaS, and LaAlGe family. | will also

highlight our recent work on unconventional chiral fermions in RhSi and

several material candidates for new TCI.

9:20am 2D+EM+MI+MN+NS+93M5 Fewlayer Rhenium Bulfide
Synthesized Via Chemical Vapor Depositiodichael Valentin Army

Facility.

[1] Susner Michael A., Chyasnavichyus Marius, McGuire Michael A., Ganesh

Panchapakesan, and Maksymovych Petro, Advanced Mat28ial$02852
(2017).

[2] S. M. Neumayer, E. A. Eliseev, M. A. Suéndselev, B. J. Rodriguez, S.
Jesse, S. V. Kalinin, M. A. McGuire, A. N. Morozovska, P. Maksymovych, and
N. Balke, ArXiv:1803.08142 [CeNt] (2018).

11:00am 2D+EM+MI+MN+NS+98M10 Advanced ARPES Analyzer and
Momentum Microscope KREIOS 150 Conceptsand first results on
layered materials and topological insulator®aul Dietrich M. Wietstruk,
T.U. Kampen, A. ThissSRECS Surface Nano Analysis GmbH, Germany
Modern ARPES analyzers provide a high degree of parallelization in data
acquisition, recording hundreds of energy and angle channels
simultaneously. Additional| integrated deflectors enable users to perform

Research LaboratonA. Guan, A.E. Nguyen, I. Lu, C.S. Merida, M.J. Gomez,angle scanning perpendicular to the anal{@emtrance slit to record £k

University of California, Riversid®.A. Burke, M. Dubepyrmy Research
Laboratory L. BartelsUniversity of California, Riverside

Transition metal dichabgenides (TMDs) are exciting new materials that
have received much attention due to their semiconducting properties in
the direct bandgap. Weltudied TMDs, such as molybdenum disulfide
(MoS) and tungsten diselenide (W§eexhibit a direct bandgap irhé
monolayer form, but an indirect bandgap in the bulk form. Rhenium
disulfide (Re$, on the other hand, is a new TMD that is unique in its ability

ky, E) data sets without sample rotation. However, the design of
conventional analyzers implies a limited acceptance angle and
corresponding accessible momentum space volume. Due to the ‘éfde
between acceptance angle and angle resolution multiple changes in sample
position and lens modes are necessary during a typical high resolution
ARPES experiment. The new KREIOS 150 EnelggeAnases an extractor
zoom lens design to overcome these limitations.

This new lens provides a full solid acceptance angle with highest angular

to retain a direct bandgap independent of thickness. By using chemicalresolution. In contrast to standard ARPES measurements with conventional

vapor deposition (CVD), felayer R& is synthesized and characterized by

hemispherical analyzers, electroniceture data from and beyond thestl

optical methods such as Raman spectroscopy and photoluminescence. WeRBrillouin zone is recorded without any sample movement. In addition the

also show characterization results for atomic force microscopy (AFMY, x

lens of such an instrument can work in a lateral imaging mode for

photoelectron spectroscopy (XPS), scanning electron microscope (SEMmicroscopy as well. This enables navigation on the sample and reduces the
transmission electron microscope (TEM), and electrical transport to size ¢ the area under investigation in ARPES down to a few micrometers in

determine thickness, crystallinity, homogeneity, and electrical

characteristics for use in future flexible electronics.
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diameter. This combination of large acceptance angle, high angular
resolution and small acceptance area, makes this instrument the ideal tool
for electronic structure studies on small spies or sample areas. The
design is compact with a straight optical axis.

The capabilities of this instrument were tested at the UE 56/2 at the Bessy

Il synchrotron in Berlin. Specification tests show excellent angle and lateral

resolution as well as smalpot capability down to 2m FOV. Subsequently
8:00 AM
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real live samples like Graphene on Germanium were measured. Even on applications, biesensing and othip components for quantum information

macroscopically rough surfaces like Graphene on hN&&ellent ARPES
and XPEEM results could be obtained. By taking advantage of the small

science; they also serve as inspiration for entirely new devices and
technologies. An exciting opportunity to realize such new nanomaterials

spot capability of the KREIOS 150 meaningful band structure data has beefies in controlling the local eleomagnetic environment on the atomic

recorded on such patchy samples.

and molecularscale, (~110 nm) which enables extreme field

Acknowledgements: We thank Yu. Dedkov (University of Shanghai, Ching"hancements, but represents a largely unexplored length scale. We use
and M. Fonin (University Konstanz) for providing beamtime and samplescreat've nanofabrication techniques at the interface between chemistry

for the measurements with KREIOS 150 at BESSY II.

11:20am 2D+EM+MI+MN+NS+98M11 Carbon Nanomembranes with
Subnanometer Channels: 2D Materials for Water Purification with High
Selectivity and Highest Permeanc¥. Yang, P. Dementyev, N. Biere, D.

Emmrich, P. Stohmann, R. KorzeK.H. Zhang, A. Beyer, S. Koch, D.

Anselmetti, Armin Glzhéuser, Bielefeld University, Germany
Clean water is a global challenge, and membrane filtration is a key
technology to achieve it. Here, we report on carbon hanomembranes
(CNMs) with suimanometerchannels that prove to be excellent water
filters, combining a high selectivity with an exceptionally high water
permeance. The CNMs are fabricated via the clioing of terphenyl self
assembled monolayers [1], resulting in a ~1.2 nm thick membrane
perforated by channels with diameters below ~0.7 nm and areal densities
of ~10%m"2. When tested as filter membranes, it was found that the CNMs

and physics taealize this new regime, together with advanced, ultrafast
optical technigues to probe the emerging phenomena. Here, | will provide
an overview of our recent research demonstrating tailored hgiatter
interactions by leveraging ultramall plasmonic cawés fabricated using
bottom-up techniques. Examples of our demonstrations include perfect
absorbers and combinational color&dv. Mat. 27, 7897 (2015Adv. Mat.

29, 1602971 (201F,)actively tunable nanostructuresNpno Lett., 18, 853
(2018}, tailored emission from twedimensional semiconductor materials
[Nano Lett. 15, 3578 (2015ACS Phot. 5, 552 (2018nd strong coupling.

8:40amEM+MI+MN+NShM3 The Geode Process: A Route to the Large
Scale  Manufacturing of  Functionaligncoded  Semiconductor
Nanogructures, M. Mujica, G. Tutuncuoglu, V. Breedveld,.Behrens,
Michael Filler Georgia Institute of Technology

Future largearea electronic and photonic technologies will require the

efficiently block the passage of most gases and liquids [2]. However, watermanufacturing of materials and devices at very high rates without

passes through, and it does this walrecordbreaking permeance of
~1.1x10*mol-mb2-$1-P&?, This suggests that water molecules translocate
fast and cooperatively through the sutanometer channels.Assuming all
channels in a TPRCNMs are active in mass transport, we find a single
channel grmeation of ~66 water molecules!-P&.We compare this with
molecular transport through other carbon nanoconduits, such as carbon

sacrificing nanoscale control of structure and composition. Semiconductor
nanowires, for example, can be produced wékquisite spatial control of
composition and morphology using the vagimuid-solid (VLS) mechanism
that, however, remains limited to very small manufacturing rates. Here, we
introduce the Geode process to synthesize functionafigoded
semiconductor neowires at throughputs orders of magnitude beyond the

nanotubes or membrane proteins (aquaporins). As the fabrication of CNMsState-of-the-art. Central to the Geode process are sacrificial, porsatied,

is scalable, their utilization opens a path towatls application of 2b
materials in energefficient water purification.

[1] A. Turchanin and A.6&hauser: Carbon Nanomembranesdv. Mater
201628, 6075.

seed particldined silica microcapsules, whose interior surface serves as a
high-surface area growth substrate. Microcapes protect the growing
nanostructures, are produced with a scalable emulsion templating
technique, and are compatible with largeale chemical reactors. We will
show how microcapsule structure and drying is influenced by silica

[2] Y. Yang, P. Dementyev, N. Biere, D. Emmrich, P. Stohmann, R. Korzetznnoparticle type and commtration, emulsification parameters, and

Zhang, A. Beyer, Boch, D. Anselmetti, Ao&@zhauser,ACS Nandn press.

11:40am 2D+EM+MI+MN+NS+S3M12 Discovery of Dirac Monolayers
and Elucidation of Functonalites by Advanced Sofray Spectroscopy
Iwao Matsuda University of Tokyo, Japan INVITED
Vapor deposition of threelimensional (2D) crystal on a substrate often
results in formation of the novel-B materials with intriguing electronic
states. The approach has been walbown in the field of "Surface Scierice
which has attracted our attentions over the past decades. Triggered by

nanoparticle crosdinking agent. We will also demonstrate the synthesis of
Si nanowires with programmable dopant profiles on the microcapsule
interior, which not only shows the versatility of the process, but altmwvs

the impact of precursor gas transport limitations to be characterized.

9:00am EM+MI+MN+NSThM4 Disordered MicrosphereBased Coatings
for Effective Radiative Cooling under Direct Sunlight Atiganyanun, J.
Plumley, K. HsWniversity of New MexicoT.L. PengAir Force Reseahc
Laboratory Sang M. HanS.E. Hari)niversity of New Mexico

fabrication of the graphene layers, researches on such monatomic sheets Radiative cooling is a process where a material loses heat due to strong
have extended to various kinds such as silicene, germanene and so on. Soft emission of photons in the miihfrared spectrum and enhanced light

X-ray spectroscopies, such as phetoission spectroscopy, have been used

to directly probe electronic states of monatomic layers and also to examine

carrier dynamics under theperandocondition. We recently observed
Dirac Fermions in aR boron sheet, borophene, that forms spontaneously

scattering in the solar region. This process woulovatooling of materials
below the ambient temperature under the sun without the use of

electricity and therefore would significantly reduce energy consumption. In

this work, we have demonstrated a passive radiative cooling of disordered

on the Ag( 111) surface. Furthermore, we found pairing of the Dirac cones silica microsphereoatings below the ambient temperature while exposed

due to Moireperiodic perturbations of the overlayeubstrate
interactions. In the Gi&$i monolayer, we also discovered th®Dirac
nodal line fermions that are protected by the mur reflection symmetry.
In the presentation. | will describe details of our research on the nouel 2
Dirac materials and introduce the advanced sefa}( techniques that
reveal their functionalities for developing devices.

[1] B. Feng, IMt al,,Phys. Bv. Lett, 118 096401 (2017) .
[2] B. Feng, IMt al.,Adv. Mater.30, 1704025 (2018) .
[3] B. Feng, IMt al.,Nature Comm 8, 1007 (2017) .

Electronic Materials and Photonics Division
Room 101A Session EM+MI+MN+NBEhM

Nanostructures forElectronic and Photonic Devices
Moderators: Sang M. HanUniversity of New MexicaJason Kawasaki
University of WisconsinMadison

8:00am EM+MI+MN+NSThM1 Extreme Nanophotonics from Ultrathin
Metallic JunctionsMaiken Mikkelsen Duke University INVITED
New optical nanomaterials hold the potential for breakthroughs in a wide

range of areas from ultrafast optoelectronics such as modulators, light

sources and hyperspectral detectors, to efficient upconversiorefargy

Thursday Maning, October 25, 2018 61

to direct sunlight. To fabricate the coatings, silica microspheres are
deposited by colloidal sedimentation method and spray coating method. In
the first method, silica colloidal stability is disruptiegl addition of KCI
solution. The instability causes the colloids to agglomerate and sediment,
creating a disordered uniform coating. In the second method, much like
commercial painting, the colloidal solution is forced through a spray nozzle
and depositednto a substrate. Scanning electron microscopy show that
the resulting structures are disordered without shaot longrange order.
Optical measurements also indicate that the coatings produced under
optimal conditions have a short transport photon meagef path of
approximately 48 >m in the solar spectral region. These coatings also
exhibit high emissivity above 95% in the atmospheric transparency
window. These results suggest strong photon scattering properties in the
visible region, while providingsirong thermal emission. Such films would
enable effective radiative cooling. To test the cooling performance, we
apply this film on top of a black substrate and expose the material to a
direct sunlight during the summer in New Mexico. Temperature
measurenent of the samples shows that our coating reduces the substrate
temperature below that of the ambient air by as much as@2luring
daytime. Similar testing with a commercial selajection paint indicates
that the silica coating performs better than ttemmercial paint by 4.7C
on average. Additionally the similar technique is used to fabricate
disordered coatings made of polystyrepelymethyl methacrylate
microspheres. Outdoor experiments have shown that the polymer coatings

8:00 AM
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perform better than the ommercial paint by 5.8C on average. Disordered

coatings made of microspheres in a paint format will also be discussed.
9:20am EM+MI+MN+NShM5 Assessing Strain  Relaxation in
Nanostructured InGaN Multiple Quantum Wells UsingR&y Diffraction
Reciprocal face Mapping and Photoluminescence SpectroscoRyan
Ley C.D. #n, M. Wong, S.P. DenBaars, M.J. Gorddniversity of
California at Santa Barbara

The IHiNitrides are excellent materials for LEDs, lasers and power

electronics due to their tunable bandgap and high defect tolerance. These

materials are increasingly impant for displays in mobile and portable
electronic devices, which currently suffer from short battery lives because

11:00am EM+MI+MN+NSThM10 Nanooptical Activation of Defect
bound Excitons in Monolayer Wge Towards Roortemperature 2D
Singlephoton OptoelectronicsJim SchuckColumbia University INVITED
The emergence of twdimensional (2D) monolayer transition metal
dichalcogenides (3LMDC) as direct bandgap semiconductors has rapidly
accelerated the advancement of roonemperature, 2D optoelectronic
devices. Optical excitations on the TMDCs manifest from a hierarchy of
electrically tunable, Coulombic fremarrier and excitonic manyody
phenomena. In our most recent nasmptical investigations of these
materials, we havelemonstrated that a model hybrid architecture, a nano
optical antenna and a 1WSe nanobubble, activates the optical activity of
BX states at room temperature and under ambient conditions. These

displays based on liquid crystals or organic LEDs are inefficient. PrOdUCingresults show that engineered bourekciton functionality asin this case,

high quality IHNitride material with the indium compositis needed for

efficient green and red emission is presently very challenging, due in large

part to strain effects resulting from the large lattice mismatch between

localized nanoscale light sources, can be enabled by an architectural motif
that combines localized strain and a naoptical antenna, laying out a
possible path for realizing rootemperature singlgphoton sources in

InGaN and GaN. However, there are some indications that nanostructuringhigh_quality 2D semicoductors

can reduce or elimigte some of these strain issues.
This talk will highlight our recent work using colloidal and templated

11:40am EM+MI+MN+NS'hM12 Light Scattering Properties of Silver

lithography and CI2 /N2 plasma etching to fabricate nanoscale InGaN/GaNNanoprisms in Different Environment uri StrzhemechnyTexas Christian

LED structures (diameter = 2600nm), and how sub micron scale
patterning affets the strain state and optical behavior of MQW emitters.
InGaN/GaN LED structures were grown by MOCVDBpteme sapphire
substrates and characterized before and after nanopatterning usiraxan
(0002) and offaxis (1615 and 1124) XRD reciprocal spacgps (RSM),
rocking curves and photoluminescence (PL) spectroscopy at 14K. RSM

University S. RequenaHarris Night VisianH. Doan,Texas Christian
University S. RautUniversity of North Texas HealtScience CentgrZ.
GryczynskiTexas Christian University. GryczynskiUniversity of North
Texas Health Science Center

Embedding nanostructures into different environments, such as polymer
matrices, organic and biological solutions oftentimes producegue

analysis found degrees of relaxation of 30% and 20% for the smallest andOptoelectronic properties of the resulting compound system that are

largest structures, respectively, and rocking curves revealed a 0.7nm
decrease in the InGaN quantum Wedlickness. These relaxation effects

also correlate well with spectral blue shifi30-15nm) in the PL, which are
supported by 1D quantum mechanical and electrostatic simulations.

distinct from those of the host and na#fdler. Such strong modifications
can be caused by the interface phenomena, the change in the spatial
distribution and orientation of the anostructures or a combination
thereof. In this work, we report on optical properties of silver triangular

Overall, this work shows that nanopatterning of InGaN/GaN active emitters Prism nanoparticles embedded in water, lipid solutions, and polyvinyl

at submicron length scales can reduce strain related issues in the Ill
Nitrides and potentially allow higher incorporation of indium for green and
red emission.

9:40am EM+MI+MN+NShM6 Scalable, Tunable, and Polarization
Independent High Contrast GratingReflectors for Integration into

ResonantCavity micreLEDs Pavel Shapturenka S.P. DenBaars, M.J.
Gordon,University of Californiat Santa Barbara

IlIl-nitride blue and green micrkaEDs have exhibited quantum efficiencies

alcohol (PVA) polymer thin films. For our studies, using a common chemical
reduction routine, we synthesized, batches of silver nanoparticles with
different size distributions and distinct sidependent dipole resonance
spectra. Silver nanoprisms suspended in water yielded a noticeable
wavelengthdependent depolarization of scattedelight associated with
different surface plasmon modes. Consequently, the same nanostructures
were placed into lipid environments to estimate the rejection of a polarized
background scattering during depolarization measurements. After that, the
composite thin films were fabricated via incorporation of silver

of over 40%, which is a nearly fivefold efficiency boost over current OLED nanoparticles into PVA. We studied linear dichroism in those Ag/PVA films,
and LCD digital display technologies. In order to realistically continue LEDasprepared and subjected to controllable stretching-@&e&ntation of the

miniaturizaion below 10 microns for higtesolution and neaeye pixel
displays, it is necessary to maintain emission directionality and output
power. One method to accomplish this is to make a resofwantty micre
LED device with a higleflectance mirror and an dput coupler.

We demonstrate a loveost, tunable, and scalable colloidal lithography
method to fabricate suspended TiBigh-contrast grating (HCG) reflectors
across the visible wavelength range for eventual integration as an output
coupler in a resonantavity LED. Silica spheres (36D nm diameter),
deposited via LangmuBlodgett dipcoating, were used as a mask to
define a quasordered, hexagonal pattern on a 200 nm thick zFin.
Subsequent pattern transfer with Sfeactive ion and Xefehemical
etching of sacrificial Si layers beneath the:Téer yielded a periodic, high

index contrast between the suspended array structure and the surrounding

air medium. Neanormatincidence reflectance measurements on
structures of increasing hole pitch (3880 nm) showed an increase in

maximum reflected wavelength from 370 to >1000 nm, while maintaining a

high-%R bandwidth of 4200 nm. The reflectance was also observed to be
polarizationindependent. Finitedifference time domain (FDTD)
simulations of strotural imperfection stemming from the colloidal

lithography process, e.g., deviations in hole diameter, pitch, and hexagonal
symmetry, indicate that absolute reflectance is most affected by hole offset

from hexagonal lattice positions. The talk will hightiprocessing
methods, optical characterization of HCGs, and underlying trends in the
effect of HCG geometry on optical response as predicted by FDTD
simulations. This work suggests that scalable fabrication of visible
wavelength HCGs is feasible and Isgidlomise for integration into
resonantcavity LEDs.
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nanoprisms upon stretching leads to a significamtrease of the linear
dichroism for the plasmonic modes associated with theplame dipole
oscillations and a decrease of the linear dichroism corresponding to the
out-of-plane plasmonic modes. These observations are in good agreement
with the assumptiorthat stretching of the nanocomposite films leads to an
anisotropic realignment of the nanoprisms.

12:00pm EM+MI+MN+NShM13 CoreShell Processing of BTO
Nanocomposites for Optimal Dielectric PropertiesKimberly Cook
Chennault Rutgers University

High permittivity polymeiceramic nanocomposite dielectric films leverage
the ease of flexibility and processing of polymers and functional properties
of ceramic fillers. Physical characteristics of these matecatsbe tuned

for application to a variety of applications, such as, advanced embedded
energy storage devices for printed wired electrical boards and battery
seperators. In some cases, the incompatibility of the two constituent
materials; hydrophilic ceramifiller and hydrophobic epoxy can limit the
filler concentration and therefore, dielectric properties of these materials.
Use of surfactants and coshell processing of composite fillers is
traditionally used to achieve electrostatic and steric stabilira for
adequate ceramic particle distribution. This work aims to understand the
role of surfactant concentration in establishing meaningful interfacial layers
between the epoxy and ceramic filler particles by observing particle surface
morphology, dieletic permittivity and device dissipation factors. A
comprehensive study of nanocomposites that were comprised of-non
treated and surface treated barium titanate (BT) embedded within an
epoxy matrix was performed. The surface treatments were performed with
ethanol and 3Jglycidyloxypropyltrimethoxysilan, where the best
distribution, highest value of permittivity (~ 48.03) and the lowest value of
loss (~0.136) were observed for the samples that were fabricated using 0.5
volume fraction of BaTiO3 and 0.02 volenfraction of silane coupling
agent.
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MEMS and NEMS Group
Room 202B Session MN+2D+AN+MP+N8M
Optomechanics and 2D NEMS

Moderator: Max Zenghui WangUniversity of Electronic Science and
Technology of China

[8] zhang, Z. Z., et al., Electrotunable artificial molecules based atevan
Waals heterostructures. Sci. Ady.e1701699 (2017).

9:20am MN+2D+AN+MP+NBhM5 Characterization and Modeling of
Radio Frequency Graphene Resonant Channel Transi8teehangXu, T.

Mei, University of Electronic Science and Technology of ChinaNVITED

Graphen@& unique properties, including low mass and high stiffness,
ultrahigh strength, and high electronic mobility, enable graphene
nanoelectromechanical systems (NEMS) vaitable for low power high

8:00am MN+2D+AN+MP+N$hM1 Towards Microwave to Telecom
Wavelength Quantum Information Transfer using Cavity Optomechanics
John DavisUniversity of Alberta, Canada INVITED frequency circuits. Local gate graphene resonant channel transisters (G
The past few years have seen the rapid maturation of quantum information RCTs) can reduce parasitic electromagnetic (EM) coupling and thus has
processors, articularly in the category of superconducting microwave good potential in high frequency integrated circuits. To develop #RCQJ's
circuits. With claims from leading companies that they will commercialize high frequency circuits, a compact model that can predict-RGR
quantum processors in the next five years, we must wonder what quantum performance and implement into standard circuit simulators is essential.

technologies should be developed in tandem to fullyilize these This paper presents a higrequency nonlinear equivalent circuit model of
processors. For example, we are all acutely aware that while our personalg RCTs including a nonlinear electromechanical rhotidoubled clamped
computers are powerful, they are considerably more useful and interesting graphene mechanical resonators. To describe the temperateendent
when networked together. So how can we likewise network quantum — modal dispersion, both biasnd temperaturedependent effects are
processors? Especially since th@crowave signals of superconducting considered. The temperaturgependent builtin strain, the biadased
processors cannot be transmitted at room temperature without thermal  glectrostatic force and thepring restoring force including the nonlinear
decoherence. What if instead, one could link superconducting processorsierm ypon deformation are used to describe the mechanical motion of the
together through existing fibeoptic networks, which are already capable suspended beam. Good agreement between simulated and measured
of long distance quantum information transfer? Hence the development of agyits can be achieved as shown in Fig.1. Moreover, the nonlinear effects
a transducer of quantum information from the microwave to telecom jncluding harmonic distortion, thirdrder intermodulation distortion
domain has become highly desirable. | will describe the current state of (IMD), and the hysteresis and nonlinear behavior 6?GTs are also
microwave to optical transducers, and how oub s working towards this  stydied. Fig.2 and Fig.3 are results of mechanical nonlinear characteristics
goal. Specifically, | will discuss the progress and challenges associated witgq duffing nonlinear behavior of-BCTsiespectively. The results in show
the development of fibecoupled telecoravavelength  cavity that the mechanical nonlinearity has strong effects on nonlinear distortion
optomechanical resonators, and 3D superconducting microwave cavities, for GRCTs. The proposed nonlinear equivalent circuit model could be

operating at millikelin temperatures. | will also discuss ongoing yseful for Graphene NEMS in the applications of high frequency integrated
collaborations that could enable implementation of quantum information circuits.

transducers in a largscale fiber network in Alberta.
) 11:20amMN+2D+AN+MP+N8BhM11Reconfigurable Resonant Responses
8:40am MN+2D+AN+MP+NBhM3 1D/2D NEMS Quantum Information  in Atomic Layer 2D Nanoelectromechanical Systems (NEMS)ghui

Processing Guangwei Deng Institute of Fundamental and Frontier \yang, University of Electronic Science and Technology of CRn&ang,
Sciences, University of Electronic Science and Technology of China 610054,x.| . FengCase Western Reserve University
Chengdu, Sichuan, China.0 INVITED  Atomic layer semiconducting crystals have emerged as a new class-of two
In this talk, | will introduce our recent works on 1D and 2D NEMS, includinggimensional (2D) materials, exhibiting great promises fahondamental
carbon nanotube and graphene resonators. First, | will show our efforts on yesearch  and  technological ~ applications. ~ Their  outstanding
scaling 2D quantum dot chips with a microwave resonator [1, 2], where the gjectromechanical properties make these materials ideal for constructing
resonator served as the quantubus. Then we tried to explore nano novel 2D NEMS, providing opportunities for leveraging their unique device
electromechanical resonators as phonon buses. | will introduce some workyroperties across multiple informan-transduction domains, at scales
about strongly coupled narmechanical resonators based on carbon  down to individual atomic layers. One particularly interesting category of
materials, such as carbon nanotube and graphene. These resonators haveyp NEMS is 2D nanoelectromechanical resonators, which hold potentials
very hig resonant frequencies and are highly tunable. We have for making the next generation RF signal transduction and processing
experimentally realized the strong coupling between charge transport and comporents, with miniaturized size, ultdew power consumption, and
mechancial motions [3, 4, 5], and also observed strong coupling between compatibility with transparent and flexible circuits.
different modes of one mechanical resonator. Moreoveg, rgalized the
coherent phonon Rabi operation using the strong coupling [6] and we
further implement a tunable distant strong coupling between two
mechaical resonators [7]. These results have shown that the strongly
coupled nanemechanical resonators camqyide a platform for the
coherent electrorphonon interactions, the long distance phonon
(electron) interactions and entanglement state generation, and we can
exploit them as future quantum buses for solid state qubits, such as
quantum dot based qubits [8

References:

Towards future applications in the 5G era, mblind RF signal handling
capability is desired, as the number of bands each mobile dewed to

have access to significantly increases, and it would be impractical to simply
increase the number of RF components that can only function under one
RF frequency, as the space required for mounting such components scales
with the number of bands. Thefore, ultralowpower tunable and
reconfigurable RF devices that can adapt to different frequencies would be
one solution to this challenge.

Here we present experimental demonstration of nanomechanical
resonators based on layered Mag8omic crystals thahave reconfigurable
resonant responses. By carefully studying the temperatlependent

frequency response in such Ma®sonators[1], we discover clear,

[1] Deng, G. W. et al., Charge number dependence of the dephasing rates
of a graphene double quantum dot in a circuit QED architecture. Phys. Rev.

Lett. 115, 126804 (2015).

[2] Deng, G. W. et al., Coupling two distant double quantum ddts avi
microwave resonator. Nano Left5, 6620 (2015).

[3] Deng, G. W. et al., Strongly coupled nanotube electromechanical
resonators. Nano Letll6, 5456 (2016).
[4] Li, S. X. et al., Parametric strong madepling in carbon nanotube
mechanical resonatordNanoscal®, 1480914813 (2016).

[5] Luo, G. et al., Coupling graphene nanomechanical motion to a-single

electron transistor. Nanoscaf 56085614 (2017).

[6] Zhu, D. et al., Coherent phonon Rabi oscillations with afrégjluency
carbon nanotube phor cavity. Nano Lettl7, 915921 (2017).

[7] Luo, G. et al., Strong indirect coupling between grapHeased
mechanical resonators via a phonon cavity. Nature Com@us83 (2018).
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repeatable hysteretic behavior as the device temperature is changed[2].
Leveraging this phenomenongvachieve switchable resonance frequency
fresin such devices by using heating and cooling pulses. Specifically, for an
example Mogresonator, during heating pulses, tfiesdecreases to
~20MHz. Once the device recovers to room temperatfigestabilizes at
~26MHz. During cooling pulséssincreases to ~29MHz, and upon
reverting to room temperaturéres stays at ~24.5MHz, which is clearly
different than the other room tenperature state. Our findings suggest that
such atomidayer MoS NEMS resonators could be used towards
developing reconfigurable RF components whose frequency response can
be switched between different states.

[1] R. Yang, et alEEE UFFC, pp 1281,2015. [2] Z. Wang, et alEEE
UFFCpp 783786, 2015.
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11:40am MN+2D+AN+MP+N$hM12 Cavity Optomechanics: Dynamics 8:20am NS+AN+EM+MI+MN+MP+PS+RKM2 Synthesis of Funabhal
and Applications Eyal Bukslsrael Institute of Technology, IsraelNVITED Particles by Condensation and Polymerization of Monomer Droplets in
The Celd of cavity oppmechanics deals with a family of systems, each Silicone Oils Prathamesh KarandikarM. Gupta,University of Southern
composed of two coupled elements. THédst one is a mechanical Californa
resonator, commonly having a low damping rate, and the second one is ariThe initiated chemical vapor deposition (iCVD) process is-d8inyalacuum
electromagnetic cavity, which typically is externally driven. Both tefia process used to deposit a wide variety of functional polymers. Typically, the
pressure and bolometric force can give rise to the coupling between the monomer and initiator radicals are introduced simultaneously at process
mechanical resonator and the cavity. In recent years a variety of cavity conditions leading to undsaturation of monomer vapors. In this work we
optomechanical systems have been constructed and studied, andreport a sequential vapor phase polymerization method in which monomer
phenomena such as mode cooling, seitited oscillation, and optically droplets were first condensed onto a layer of silicone oil and subsequently
induced transparency have been investigated. The first part of the talk will polymerized via a free radical mechanism to fabricate polypaeticles.
be devoted to some dynamical effects including synchronization and The viscosity of the silicone oil was systematically varied from 100 cSt
intermittency. In the second part some applications of optomechanical through 100,000 cSt. A heterogeneous particle size distribution was
cavities for ensitive sensing will be discussed. produced at low viscosities of silicone oil where the smaller particles were
formed by the cloaking anengulfment of monomer droplets nucleated at
the vaporliquid interface and the larger particles were formed by

Nanometerscale Science and Technology Division coalescence inside the liquid. Coalescence could be inhibited by increasing

Room 102B- Session NS+AN+EM+MI+MN+MP+PS+RM the VISCOSI.ty of ‘the_ sﬂlf:one oil leading to a dgcreased ave_rggasraﬂd a
narrower size distribution of the polymer particles. A transition to polymer

ThM film formation was observed for the 100,000 cSt silicone oil substrates. We
Nanopatterning and Nanofabrication studied the polymerization of two different monomersyihyl pyridine and
Moderators: Brian HoskinsNational Institute of Standards and Technology 2-Ydroxyethyl metlcrylate, since these polymers have a variety of useful

(NIST)Meredith Metzler, University of Pennsylvaniagonidas OcolaBM properties such as presponsiveness and biocompatibility. Our process
Research Division. T.J. Watson Research Center enables fabrication of functional particles with average diameters ranging
' from 100 nmg 500 nm with fast reaction time$ (L5 mn). The advantages

8:00am NS+AN+EM+MI+MN+MP+PS+RKWM1 Femtosecond Laser of our method for the fabrication of polymer particles are that it does not

Processing of CeriBased Micro ActuatorsJenny ShklovskyTel Aviv require surfactants or organic solvents and features short reaction times
University, IsraglE. MishukWeizmann Institute of Science, Isra¥l Brg, compared to conventional polymer particle synthesis methods such as
Orbotech Ltd, IsragN. Vengerovsky, Y. SverdIlg| Aviv University, Isragel emulsion polymerizion.

I. LubomirskyWeizmann Institute of Science, Isra&l. Kotler,Orbotech
Ltd; S. Krylov, Y. Shachddmmand,Tel Aviv University, Israel

The integration of piezoelectric and electrostrictive materials into )
micromachined Si devices is viewed as an important technologicalc_enterfor Nanoscale Science and Technology . INV,ITED
milestone for further development of Microelectromechanical Systems Bi0logy relies onselfassembly to form complex, highlynctional

(MEMS). Recently, it was demonstrated that gadolintimped ceria (CGO) s_tru_ctures, inspiring the search for synthetic systerr_ls capable of forming
exhibits very large electrostriction effect, which results in large similarly complex structures. Such systems typically operate under

electrostrictive strains and high energy densities under very low diffusionlimited, nearequilibrium conditions, making the probte even
frequencies (0.0t 1 Hz). Leadree CGO is chemically inert with respect to  MO'® challengmg.. Mukfunctional, _ moIgcuIarIyagdressable
Si, making it an attractivecandidate for implementation in MEMS hanostructures of arbitrary shape can be built using Bhetliated sel
actuators. However, the integration of CGO into MEMS devices isassembly. While this is a powerful method, and recent developments in

challenging due problems associated with using conventional patterning®NA nanostructure fabrication have expanded thaailable design space,
technigues involving lithography and etching. fabrication based on DNA alone can suffgr fro_m_ Ic_>w yields and is hampered
by the need to trade off size and mechanical rigidity.[1,2]

8:40am NS+AN+EM+MI+MN+MP+PS+RKWM3 Competition Between
Scale and Perfection in Sefsembling StructuresJames LiddleNIST

In this work, we have successfullgated functional doublelamped beam
micro-actuators made of CGO films confined between the top and bottom
Al/Ti electrodes. The stack containing the electrodes andrtBgum-thick
CGO film was first blankeleposited on top of the Si wafer. Cavities were
then deep reactive ion etched (DRIE) in the wafer leading to forming of the
free-standing rectangular membranes, 1.5 mn®.5 mm in size. Finally,

We have been working to both understand the factors that limit the yield
of selfassembled structes, and to devise approaches to overcome them.
As the number of discrete components used to assemble a structure
increases, yield decreases exponentially. We circumvent this limit, by using
a two-stage, hierarchical selissembly process, which allows toscreate

1.2 mm long and 100pm wide the doubleclamped beams were cut from Igrge structures with hig_h_ yield.[3] Our process employs a small number of
the membranes using a femtosecond )(féaser, demonstrating an discrete, sequencgpecnﬁc elements to shape the_ structure  at the
unharmful technique for CGO patterning. Laser pulse energies, overlapdlanoscale and define the largeale geometry. A generic building black

and number of line passes were varied during the experiments, to achieve®NA binding proteinRecAc rigidifies the structure without requiring any
successful cuts through the suspended layer by a clean ablation proces¢!"nécessary information to be added to the system.

The optimizedorocess conditions were found at a fluence of ~0.3 3fmm Blending sequenespecific and structurspecific elements enables us to
a pulse width of 270 fs, where minimal damage and accurate processing expand the sethssembly toolbox and make micrometseale, rigid,
was achieved with minimized heaffected zones. molecularlyaddresable structures. More generally, our results indicate

that the scale of finitesize seHassembling systems can be increased by
minimizing the number of unique components and instead relying on
generic components to construct a framework that supportsfilnectional
units.

Resistivity measurements between the top and the bottom electrodes

before and after fs laser cutting revealed that the cutting has no influence

on the electric parameters of the device and no electrical shorts are

introduced by the laser processing. Veatidisplacement measurements

under bipolar AC voltage (up to 10 V), at the frequency range of @03  [1] Murugan, A., Zou, J. & Brenner, M. P. Undesired usage and the robust

Hz, demonstrated the functionality of the micemtuator. A displacement  selfassembly of heterogeneous structurefNat. Commun.6, 6203,

of £ 45 nm at the voltage of 10 V at 50 mHz was achieved. The actuatoidoi:10.1038/ncomms7203 (2015).

didn®@ show any mechanical or electrical degradation after continuous

operation. Our data confirm that fs laser cutting is a useful technique for

processing CGO films. The developed techniques may be expanded to other

materials used for fabrication of MEMS devicerabling fast, high yield . .

and highquality patterning of materials that are challenging to pattern [21 Schiffels, D Lied, T. & Fygenson, D. K. Nanoscale strustuf

using conventional etchingased methods. ml(_:roscale stiffness of DNA nanotube&CS Nano7, 67006710,
doi:10.1021/nn401362p (2013).

*Three first authors contributed equally to this abstract.
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[3] Schiffels, D, Szalai, V. A., Liddle, J. A., Molecular Precision at Micromet@ore size. The aspect ratio of the silicon nanowire network can be
Length Scales: Hierarchical Assembly of {fMétein NanostructuresACS controlled bythe etching rate. The etching rate was roughly eme/min.
Nano, 11, 6623, (2017) The 3D network is formed as the length of the 1D silicon nanowires (50 nm
-100 nm) was varied, followed by critical point drying to carefully control
the uniformity of 3D silicon nanowire networkdhe entire surface area of
the 6-inch silicon wafer.

Analysis of the 3D mesoporous silicon nanowire network was conducted

9:20am NS+AN+EM+MI+MN+MP+PS+RWMS Polymer Templated using Scanning Electron microscopy (SEM), and the top view image

Annealing of DNA Pattemned Gold NanowireByler Westover B. Aryal, confirmed the 3D network of silicon nanowires. The pore siziAs0(8m)

R.C. Davis, A. Woolley, J. H&tigham Young University along with the crystallinity confirmed from the highsolution transmission

Using DNA origami as a bottom up nanofabrication technique, gold gjectron microscopy (TEM) images with the diffraction patterns.
nanowires are formed via directed assembly of gold nanorod seeds and

connected by electroless plating. This metal deposition process results in 12:00pm  NS+AN+EM+MI+MN+MP+PS+RKWM13 Enhancing  Light
wires with low conductivities compared to budkld. Junctions between Extraction from Freestanding InGaN/GaN light EmitterdJsing Bie
plated seeds are likely the cause of this low conductivity. Annealing of the inspired Backside Surface Structuring. Chan, C.D. Pynn, S.P. DenBaars,
nanowires could potentially improve the conductance, however, nanowire Michael GordonUniversity of California at Santa Barbara
annealing at low temperatures (20C) results in wires coalescing into A simple, scalable, and reproducible nanopatterning method to create
beads. A pgimer encapsulation layer was deposited to maintain overall closepacked (motkeye like) patterns of conical nanand microscale
nanowire shape during annealing. The polymer templated anneal resulted  features on InGaN/GaN DEsurfaces, and on the backside outcoupling
in a resistance reduction, in some cases, to below 1000 ohms. Resistance surface of LED devices, is presented. Colloidal lithography via Langmuir

measurements were performed using a four point resiste configuration. Blodgett dipcoating using silica masks (d = 2830 nm) and @N2-based
Electrical contacts to the randomly oriented 400 nm long wires were made  plasma etching produced features with aspect ratios of 3:1 asnceés
by electron beam induced deposition. Nanowire morphology was grown on semipolar (221) GaN substrates. The resulting InGaN/GaN
measured before and after annealing by scanning electron and high multi-quantum well (MQW) structures were optically pumped at 266/405
resolution transmission electron nm@scopy. nm, and light extraction enhancement was quantified using anegelved

photoluminescence (PL). A 4@d overal enhancement in light extraction
(9-fold at normal incidence) relative to a flat outcoupling surface was
achieved using a feature pitch of 2530 nm. Extraction enhancement occurs

11:00amNS+AN+EM+MI+MN+MP+PS+RKEM10 Directed Selassembly
of Block Copolymers for Applications in Nanolithographyaul Nealey

University of Chicago . INVITED  4ue to the gradedndex (GRIN) effect and breaking of the TIR condition via
DSA of block copolymer films ahemically nanopatterned surfaces is an  jncreased diffuse scattering and diffractive effects, the importance of which
emerging technology that is wegbsitioned for commercialization in evolves with motkeye feature size. PL results also demonstrate that
nanolithography and nanomanufacturing. DSA of-§FR3MA) fims on colloidal roughening, which has greater geometric tunability and works on
lithographically defined chemically nanopatterned surfaces is one focus of any GaN orientation, is equivalert turrent, eplane only

our activities in which the main research objectives revolve around photoelectrochemical (PEC) roughening methods. Patterning the

understanding the fundamental the_rmodynami_cs and kinetics that governs outcoupling backside of a semipolar device, rather than the topside, is also
assembly, and therefore patterning properties such as 3D structure, 4 technologically feasible approach to fabricate electrically pumped devices
perfection, and processing latitude. A second focugoi use the physical because it avoislissues associated with making large area (topside) p
and chemical principles that we have elucidated for DSA di-PEMA contacts, etching close to or into the active emitter region (destroying the
towards _the_ development of bloc_k copolymer_ systems capable of self MQWSs), or disrupting guided modes in tHitm LEDs layers on sapphire.
assemb]lng into the sub 1_0 nm regime and contlnumg to meet the stringent  gacause of its simplicity, range of optical conteold wide substrate
constraints of manufacting. The research is enabled by the recent compaibility, the colloidal lithography technique is a promising alternative
development of techniques to combine metrology tools (TEM tomography, {4 existing commercial processes and a future pathway for enhanced
GISAXS, RSoXS, ripeed APF), theoretically informed course grained eyiraction engineering in frestanding polar, nonpolar, and semipolar Iii
models, and evolutionary algorithms to quantitatively determine and nitride LEDs.

predict the independent process and material parameters that result in

different 3D structures of assembled domains.

11:40am NS+AN+EM+MI+MN+MP+PS+RXNM12 Three Dimensional ~ Suface Science Division

Mesoporous Silicon Nanowire Network Fabricated by Mefssisted Room 203C Session SS+EM+N8M
Chemical Etchinddeepak GantaC. Guzman, R. Villanue¥&MIU . . L. .
Mesoporous nanowires have gained huge attention due to irthe Defects in and Functionalization of 2D Materials

applications in energy and sensing. The high surface area along with thdloderators: Lars Grabow University of Houstonreg Kimmel Pacific
quantum confinement effect lead to improved performance of the NorthwestNational Laboratory

electrochemical devices during energy conversion and storage. 3Dg-0poam SS+EM+NShM1 Holes, Pinning Sites andfetallic Wires in

structure or nanowire network improves the reactigite surface area  \onglayers of 2D Materials Thomas Michely University of Cologne,
even further along all the three dimensions, enhancing both light and heat Germany INVITED

absorption. There is also a huge demand for inexpensive;litiagraphic The moié formed by a monolayer of hexagonal boron nitride with Ir(111)

methods to fabricate 3D network of nanowires, which are also . ides through a chemisorbed valley regisithin a physisorbed mesa a
mesoporous, with better comol of both dimensions ?”d porosity, over a unique site for its functionalization. Through gentle ion irradiation and mild
'arg‘? syrface area. They can be very ugeful in some broad range annealing a regular array of vacancy clusters is created with the clusters
applications such as solar energy conversion, energy storage, water , qioned at the valleys where their edges bind to the substrates. Such a
harvesting, environmental control, bgensing, and thermoelectrics. nanomesh with a regular array of holes with sizes below 1 nm holds

To addresshe problem, we report a simple and inexpensive method of promise for filter applications. Through vapor phase deposition of a variety

fabricating 3D mesoporous Si nanowire network by metalisted chemical of materials (e.g. Au or C) arrays of clusters with of tunable size and high
etching (MacEtch). Degenerately dopedype silicon or p+ silicon wafer  thermal stability are formed at W@y regions. Compared to the graphene
(0.001 ~0.00% €m) was coated with about 22 nm sh/film at 350°C for moiré the templating effect of the hexagonal boron nitride névis

5~6 hours in a vacuum furnace (pressurex@®7 Torr). Scattered silver superior due to the uniqueness of the valley pinning site in the unit cell.
particles with different sizes were formed as a result of the dewetting
process. Then we deposited 10~11 nm of noble metal (Au) al/e.Eate,
followed by swer lift-off to obtain an Au mesh as an etching mask. The
mixture of a chemical solution of HF:®4: Ethanol = 30:1:1 is used as a
chemical etchant under room temperature. The time of immersion of the
silicon wafer in the etchant effects the aspect radibthe silicon nanowire N . .
array. After MachEtch, the Au is removed by immersing the sample in the 1he most exciting defects we observed so far are two types of mirror twin
aqua regia solution. The ratio of the chemicals in the etchant will affect the Poundaries in Mogislands. In these boundaries we observe for the first
time spincharge separation in real space making use of the unique local
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Monolayers of hexagonal boron nitride or graphene are also excellent
subgrates for the onsurface synthesis of new compounds ranging from
metalorganic nanowires to transition metal disulfides created by reactive
molecular beam epitaxy with elemental sulfur. This synthesis method

provides clean, welllecoupled layers with onhyell-defined defects.
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spectroscopicapabilities of low temperature STM and STS to identify the
position and energy of quantum mechanical states in a one dimensional
box. We critically discuss these results in the light of previous related
research.

Contributions to this work by Wouter JeliJoshua Hall, Clifford Murray,
Moritz Will, Phil Valerius, Charlotte Herbig, Carsten Speckmann, Tobias
Wekking, Carsten Busse, Fabian Portner, Philipf8\ehim Rosch,
Arkady Krasheninnikov, Haniekka Komsa, Borna PieMarko Kralj,
Vasile Caciucral Nicolae Atodiresei as well as financial support through

CRC1238 within projects AO1 and B06 of DFG are gratefully acknowledgecb

8:40amSS+EM+NShM3CO Chemisorption at Pristine, Doped and Defect
Sites on Graphene/Ni(111Mario Rocca G. CarraroJniversity of Genova,
Italy; M. Smerieri, L. SavitlMEM-CNR, UOS Genova, ltaly. Celasco, L.
Vattuone,University of Genova, Italy

adhesion of graphene with graphite, and other paramstéfrhe energy
parameters involving Cu surfaces anddarbon interfaces are derived
from DFT calculations. The values and trends predicted by the model are
discussed and compared with experiment. In particular, the model
indicates that the slope of the &hd sides should be invariant, consistent
with experiment.

9:20am SS+EM+NShMS5 Intercalation of Qand CO between Graphene
and Ru(0001) and the Role of Defectiory Yarmoff T. Li,University of
California, Riverside

raphene (Gr) is a fascinating 2D material that is being widely being
considered for applications in electronic devices due to its unique
electronic and materials properties. Also, because of its high thermal
stability andinertness, it is a promising candidate for use as a protection
layer for metal substrates. Here, graphene films grown on Ru(0001) are

Due to its electrical properties graphene (G) has been successfully used as&Posed to @and *CO and investigated with helium low energy ion

sensing element for the detection of different gases reaching ppm
sensitivities which are asbed to the doping induced by adsorption. The
sensitivity depends indeed critically on the chemical nature of the gas and
is lower for CO than for other poisoning species. The nature of the active
sites is, however, still unclear. If it were due to phygition, the values of
the adsorption energy cannot explain the need for high temperature re
generation of the sensing element. Chemisorption must thus be involved,
either at defects or by doping, determining the magnitude of the heat of
adsorption and corequently the sensitivity and the range of temperatures
at which the sensor can operate. In order to clarify these issues we
investigated experimentally adsorption of CO on G supported on
polycrystalline Cu and Ni(111) by HREELS and XPS.

No adsorbed CO wésund at RT while at 100 K chemisorbed CO forms on
G supported on Ni(111). G on Cu is on the contrary inert. This result
indicates that the nature of the substrate plays an essential role in the
adsorption process. The heat of adsorption g is estimatdaetabout 0.58
eV/molecule at low coverage, so that an equilibrium coverage of 0.1 ML is
expected at RT under a CO partial pressure of only 10 mbar. We identify
top-bridge graphene as the most reactive configuration.

Doping G/Ni(111) byNion bombardmentllows for the formation of a
second, more strongly bound moiety, characterized by a CO stretch
frequency of 236 meV and by an initial heat of adsorption (0.85
eV/molecule). The presence of N (in pyridinic or substitutional sites)
enhances therefore signifantly the chemical reactivity of G/Ni(111)
towards CO.

Finally in presence of isolated defects, created by low energyoNs
bombardment on single layer graphene supported on different substrates
(polycrystalline Cu and Ni(111)), no CO adsorption edzurdefected
G/Cu, while HREELS peaks form promptly for G/Ni(111). Two moieties,
desorbing just above 350 K, are present under vacuum conditions after

exposure at RT. The CO stretch frequencies and the ratio of their intensities

indicate that they are de to chemisorbed CO at the G/Ni(111) interface
close to the vacancies rather than at the defected G layer. Thehitof
the C1s binding energy indicates that in such regions detachment of the
layer from the substrate occurs.

Amending of vacancies aas for subsequent exposures, as demonstrated
by the reduction of the adsorbed coverage in subsequent CO doses
followed by annealing at 380 K, indicating that a Boudtliel reaction
takes place under the graphene cover.

G

9:00am SS+EM+N$hM4 Geometry of @ Islands Buried Beneath the
Surface of Graphite A. LiiRosales,Ames Laboratory and lowa State
University S. JulienNortheastern UniversityY. Han, J.W. Evandmes
Laboratory and lowa State Universitg-T. Wan,Northeastern University
Patricia A. ThiglAmes Laboratory and lowa Stadtkmiversity

scattering (LEIS). LEIS spectra collected at diffesemitering angles can
distinguish between adsorbed and intercalated molecules. It is found that
Ozand CO do not adsorb to the graphene surface but instead intercalate
between Gr and the substrate. It is shown that a much lower annealing
temperature is neded to remove intercalated oxygen than chemisorbed
oxygen on bare Ru. During the thermal desorption, some of the graphene is
etched away via chemical reaction forming gaseous CO grlc@ddition,
carbon vacancy defects are produced in the Gr films lae¥ Ar
bombardment. Isolated single carbon vacancy defects enable molecular
adsorption at the defect sites and ease the overall intercalation of oxygen.
The defects also improve the thermal etching efficiency of Gr by
intercalated oxygen. When the defacare large enough to consist of open
areas of bare substrate, oxygen dissociatively chemisorbs to Ru.
Intercalated3CO molecules sit upright with the O end on top, as on clean
Ru. The CO molecules tilt, however, when the temperature is raised. This is
likely due to increased vibrational amplitudes combined with the confining
effect of the Gr film.

9:40amSS+EM+N¥hM6 Organic2D Transition Metal Dichalcogenide van
der Waals Heterostructuresru Li Huanglnstitute of Materials Research &
Engineering (IMRE), A*STAR, Singgp@reSongNational University of
Singapore D. Chilnstitute of Materials Research & EngineeritIRE),
A*STAR, SingaparA.T.S. Wed\ational University of Singapore
The recent emergence of twdimensional transition metal dichalcogenides
(2D TMDs) has led to a rapid burgeoning of the field due to their novel
electronic and optical properties withogential electronics/photonics
applications. Organic materials, on the other hand, have exhibited great
success in the field of flexible electronics, with an extensive number of
available molecules with tunable properties. Marrying the fields of organics
and 2D TMDs will bring benefits that are not present in either material
alone, enabling even better, multifunctional flexible devices. In parallel, the
integration of 2D TMDs with selected organics is also a promising and
controllable approach to modulaténé properties of the TMDs without
structural damage, thereby optimizing or even enhancing their desired
properties for specific device applications. Central to the realization of all
those applications is a fundamental understanding of the orgaBidMD
interface?!

Here, we will present our recent studies on hybrid organic/2D TMD
heterostructures** With combined experiments and theoretical modeling,
the interfacial interactions between the organic layers and the TMDs as
well as the energy level alignmeat the interface are explored. The
comprehensive understanding of the underlying physical mechanisms that
govern the properties of organi2D TMD interfaces at the atomic scale is

of fundamental importance for developing this technique further for device

applications.
References:

Deposition of Cu on a sputtered graphite surface, in ultrahigh vacuum, cany vy | Huang, Y. J. Zheng, Z. Song, D. Chi, A. T. S .Wee, SCie@uek
be manipulated to produce buried islands of metallic, multilayer Cu. The Cus-oc.- Rév2018’ D.OIE 10.103;9/68CS(501;59F ’(on.lin.e). ' ' '

islands are covered by a graphitic layer consisting of several graphene
sheets. This layer dpes like a tarpaulin over the Cu islands. We have

2. Z. Song, Q. Wang,M. Li, -J. Li, Y. J. Zheng, Z. Wang, T. Lin, D. Chi, Z.

observed flattopped islands as tall as 40 nm and as wide as 600 nm. One oPing, Y- L. Huang, T. S. Wedhys. Rev.,B7, 134102, 2018.

the most striking features of island geometry is the fact that the slope of 3. Z. Song, T. Schultz, Z. Ding, B. Lei, C. Han, P. Amsalem, T. Lin, D. Chi, S. L.
the tarpaulin at the sides of the islands is invariamér a wide range of Wong, Y. J. Zheng, M. Y. Li, L. J. Li, W. Chen, N. Koch, Y. L. Huang and A. T. S.
island volumes. The variation of the ratio of island diameter to height as a Wee,ACS Nand®2017,11, 91289135.

function of island volume is far less regular in the experimental data, 4 vy JZheng, Y. L. Huang, Y. Chenp, W. Zhao, G. Eda, C. D. Spataru, W.

suggesting that kinetic limitations may play a role in determining this Zhang, YH. Chang, L1. Li, D. Chi, S. Y. Quek and A. T. S.AGS:Nano
parameter. Tdnvestigate the physical forces responsible for the island 5016 10 24762484, ’

geometries, we develop a model for island shape that incorporates the
distortion energy of graphene, adhesion of Cu with graphitic surfaces,
Thursday Maning, October 25, 2018

66 8:00 AM



Thursday Morning, October 25, 2018

11:00am SS+EM+N$hM10 Influence of Surface Functionalization on islands and reduces the work function of lower elevated regions in new
Surface Topography an&@rowth of Metal Oxide Structures on HORG phase. This results show that by control of the concentration of local
Kathryn Perring M. Traight, I. Wentworth, C. de Alwis, T.R. Leftwich, impurities underneath the rim areas in BN, the chemical properare
Michigan Technological University modified and the monolayer could be engineered for interesting chemical
Growth of heterogeneous catalysts, plasmonic and other nanostructured reactions. [1] H. Dil et alScience2008, 319, 1824826. [2] Koslowski et
materials requires atomic level control and molecular level understanding al. Private communication.

of the growth of metals and mal oxides on surfaces. Surface Thiswork was supported by National Science Foundation, Grant #NSF CH
functionalization of 2D materials can be used to promote selective 1465105"

nucleation of metal oxides with control over the deposition and growth.

However, this requires an understanding of surface functionalization. This11:40am SS+EM+NBhM12 Texture of Atomielayer Deposited MoS: A
surface clemical functionalization can be combined with the atoweicel polarized Raman Studyincent \andalon, A. Sharma, W.M.M. Kessels,
control of atomic layer deposition (ALD). ALD is a vapor depositionEindhoven University of Technology, The Netherla#dé. BolEindhoven
technique that utilizes selfmiting surface reactions to grow metal oxides, University of Technology, Netherlands

where the surface functional group initiatesetffirst step in the deposition ~ Advances in optical characterization techniques for 2D transition metal
process. dichalcogenides (2DMDs) such as MoS2 are essential in the context of
tailoring the texture and surface functionalization of these materials.
Tailoring of the texture ofynthesizedMoS2 results in uniquely different
material characteristics: owutf-plane fins of MoS2 have been

2D materials are ideal for selective functionalization that may not require
lithography steps due to the fact that their sheets are in a stable

configuration making them chemically unreactive. Highly oriented pyimlyt A .
graphite (HOPG) is an ideal model of the graphene surface, &mealin demonstrated to possess excellent catalytic performance, most likely due

2D material, which is comprised ofspybridized aromatic hydrocarbon to exposed catalytically active edge sites, whereas basal plane oriented

sheets. HOPG consists of stacked graphene sheets where the terraces dfos2 Sh_o‘_NS extient el_ectronic F”F’pe”‘es- The large impac_t of texture on
the carbon sheets are chemically unréae in ambient conditions and the exhibited properties underlines the need for rapid and facile

their defects are highly reactive. Oxidation methods are used to produce ancharacterization of the texture and especially the angular grain orientation.
assortment of different functional groups on HOPG and can lead to So far, cross section highsolution transmissiorlectron microscopy (HR

different types of functionalities on the surface and its defects. '_FEM) is widely employed to obtain insight into texture but it suffers from a
) ] o ) ) ~limited throughput. On the other hand, Raman spectroscopy has been

We investigate how surface oxidative etching and functionalization ggiaplished as thegoto technique for the determination of e.g. film

influences the growth of metal oxide structures at tailored defects and {nickness of theseTMDs. Here we will show that the angular grain

functional sites on HOPG. Two different acids were used to etch the HOPGistripution can also be determined usipglarizedRaman spectroscopy
surface to produce functional groups resodi in different surface
topographies. The functionalized HOPG was then exposed to
trimethylaluminum and water, a weknown ALD reaction, to produce
ARLOs as a proofof-concept to observe the growth of & on both
functional and defect sites. Vibrationalpectroscopy (FTIR) andray
photoelectron spectroscopy (XPS) were used to measure surfac

We have found that plasmanhanced atomid¢ayer deposition (PBLD) of
MoS2 allows control over the texture and results in -ofdplane fns or
basal plane oriented material depending on the processing conditions using
HRTEM. To study the texture of the fAED synthesized films with Raman
espectroscopy, we have investigated the so far unknown impact of the

functionalization and ADs growth on HOPG. Field emission scanning angular grain distribution on thRaman response. The Raman response of

electron microscopy (FESEM), atomic force microscopy (AFM) and Ram&{}gnocrystalline MoS2 was modeled for a range of different textures. This
spectral imaging were usetb image the changes in surface topography allowed us to detgrmine the angular grair_1 distribution from the peak ratio
after etching and ALD deposition. Results indicate that th@:Aleposition of tﬂe two dr:)mlnagtl_Ramlan ;:]eaksd ('r']e' thef Alg l’f‘”q IZZg‘modes).
and growth is dictated by the surface functionalization and topography. Furthernore, the modeling also showed that performipglarizedvariant

This suggests that understanding the effects of surface funalization of of Raman spectroscopy is essential for the accurate determination of the
2D materials is necessary for controlling the growth of metal oxide angular grain distribution because of the additional information it provides.
structures A systematic polarized Raman study ink® tevolution of the fraction of

out-of-plane material with film thickness allowed us to gain insight into the
11:20amSS+EM+N$hM11 Impurity Induced Chemical Properties of BN  growth process. Moreover, the influence of a pasposition high
on Rh(111) Studied by First Principle Calculations: A New Phasbkra temperature anneal in a H2S atmosphere on the texture, known to yield

Hooshmand, D. Le, T.S. Rahmaumiversity of Central Florida improved material properties, was also investigated. To conclude, polarized
Hexagonal boron nitride (BN), an insulating layer of Spybridized Raman spectroscopy offers a rapid method to gain insight into the angular
structure between B and N, grown on Rh{) forms a Moié pattern with grain distribution of synthesized MoS2 and this approach can be readily

elevated (rim) and depression (valley) areas. The valleys are circular dipoleextended to other MX2 materials.
rings which act as trapping centers for the adsorption of nanoparticles and
molecules [1]. The presence of the native carbon impurities in Rh
potentially gives rise to the formation of hexagonal carbon rings under
every other rim area as suggested by recent experiments [2] and could lead
to new structures and novel chemistry. Here, on the basis of Density
Functional Theory (DFT) simulations with dison corrections, we show
that these rings tend to grow in a manner in which the center of each ring
is placed on top of the Rh atom. These rings grow next to each other and
form islands which are separated from each other by an equal distance
while theBN monolayer remains untouched, i.e. there is AB @ CN
bond formed. Our calculations show that while no broken bonds between
B and N were observed, the increase in the concentration of carbon
impurities will enhance the height modulations among dietrregions of
BN Moig pattern leaving the former valleys unchanged while decreasing
their area. The new higher elevated regions show strong accumulation of
charge and the lower elevated regions display depletion of charge. This
gives rise to modificationf dipole rings and results in altered adsorption of
pentacene on BN. Our simulations of Scanning Tunneling Microscope (STM)
images from this structure, are in good agreement with experimental data
for number of rings from 3 to 5. However spatial densitgtates analysis
shows that in the presence of 5 rings islands the gap in BN on the higher
elevated regions vanishes and the band gap on these areas for 3 and 4
rings islands reduces. The calculations of local variations in work function
also show thathese variations become more pronounced by growth of

1 National Student Award Finalist
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2D Materials Focus Topic and the large sphorbit coupling, the helicity of the photon is coupled to
Room 201B Session 2D+EMVIN+NSThA the vallgy s_pln_polarlzatlon of electrons. Thus, circylpdlarized optl_cal

_ _ excitation into a TMD/graphene heterostructure generates spin
Novel Quantum Phenomena in 2D Materials polarization in the TMD that subsequently transfers to the graphene. This
Moderator: Hsin Lin Institute of Physics, Academia Sinica optical spin injection into graphene is an example of new functionality for

the expanding field of @ spintronics. In the area of 2D magnets, we have

2:20pm 2D+EM+MN+NShA1 Double Indirect Interlayer Exciton in a used molecular beam epitaxy (MBE) to deposit monolayer Mn@gch

MoSe/WSe, van der Waals Heterostructure Aubrey Hanbicki H-J. exhibits ferromagnetism at room temperature [2]. These results open the
Chuang, M. Rosenberger, C.S. Hellberg, S.V. Sivaram, K.M. McCreary, lyqor for new possibilities for magnetoelectronic applications vt
Mazin, B.T. JonkeNaval Research Laboratory dimensional materials.

Tailoring semiconductor heterostructures for specific functionalities has led
to varied gto-electronic devices including solar cells, photodetectors,
light-emitting diodes and lasers. An emerging class of heterostructures

involves monolayer semiconductors such as many of the transition metal

[1] Yungiu Kelly Luo, Jinsong Xu, Tiancong Zhu, Guanzhong Wu, Elizabeth J.
McCormick, Wenbo Zhan, Mahesh R. Neupane, and Roland K. Kawakami,
Nano Lett. 17, 3877 (2017).

dichalcogenides (TMDs) which can be combined tmfean der Waals [2] Dante J. @lara, Tiancong Zhu, Amanda H. Trout, Adam S. Ahmed,
heterostructures (vdWHSs). vdWHs offer novel functionalities making them Yundiu Kelly Luo, Choong Hee Lee, Mark R. Brenner, Siddharth Rajan, Jay A.
promising hosts for future devices. One unique new heterostructure Gupta, David W. McComb, and Roland K. Kawakami, Nano Lett. doi:
property is an interlayer exciton (ILE), a spatially indirect, bound electron 10.1021/acs.nanolett.8b00683 (2018).

hole pair with the eletron in one TMD layer and the hole in the other.
Here, using statef-the-art preparation techniques, we are able to resolve
emission from the ILE in a Ma&'Se: heterostructure into two distinct
peaks separated by 24 meV at zero field. These peaks leavly rqual
intensity, indicating they are of common character, and happosite
circular polarizations when excited with circularly polarized lightinitio
calculations successfully account for these observatighey show that
both emission feature originate from excitonic transitions that are indirect
in momentum space and are split by sjirbit coupling. Also, the electron
is strongly hybridized between both the Ma%&d WSelayers, with
significant weight in both layers, contrary to the commhoassumed
model. Thus, the transitions are not purely interlayer in character. This
work represents a significant advance in our understanding of the static
and dynamic properties of TMD heterostructures.

4:00pm 2D+EMMN+NSThA6 Giant Electromechanical Response in Yan
der-Waals Layered CrystalsSabine NeumayerCenter for Nanophase
Materials Sciences, Oak Ridge National Laboratém. EliseeNational
Academy of Sciences of Ukrajn&. TselevCICECO and Department of
Physics, University of Aveiro, Portug&lN. Morozovskayjational Academy

of Sciences of UkraineM.A. Susner, M. McGuire,Oak Ridge National
Laboratory J. Brehm, S. Pantelideganderbilt University N. Balke, P.
Maksymovych, Center for Nanophase Materials Sciences, Oak Ridge
National Laboratory

Obtaining ultrathin electromechanically active materials for memory and
energy applications encounters numerous challenges as significant
downscaling of classical ferroelectrics such as perovskite oxides is severely
constrained by size and screening effedMoreover, interfacing pseudo
cubic ferroelectrics with 2D electronic materials faces challenges related to
This research was performed whileHC. held an American Society for  gefect and impurities, which limit performance. Van der Waals
Engineering Education fellowship and M.R.R and S.V.S held a National ferrgelectrics, especially transition metal thiophosphates such as copper
Research Council fellowship at NRL. This work was supported by core jndium thiophosphate (CIPS) yield promising prospects for applications as

programs at NRL and the NRL Nanoscience Instifitis work was also yirathin piezoelectric structures and interface materials due to their stable
supported in part by a grant of computer time from the DoD High surfaces, layered structure and transition temperatures near room
Performance Computing Modernization Program at the U.S. Army Reseafc'ﬁbmperature. Here, we use scanning probe micmpy to explore the
Laboratory Supercomputing Resource Center. remarkable functional properties of CIPS across the transition temperature.

2:40pm 2D+EM+MN+NShA2 Comparison of Aand Bexciton Irtensity At Iqw temperatures, _str(_)ng electromechanical response is measurgd
and Polarization in Transition Metal Dichalcogenide Monolayers and despite the small polarization values and the material contracts in electric

Heterostructures Kathleen McCreary AT. Hanbicki, S.V. Sivaram, B.T. fields rather tran expanding. These findings point to giant negative
Jonker)J.S. Naval Research Laboratory electrostrictive coefficients, which were quantified using Lan@Ganzburg

Devonshire analysis. Above the transition temperature, CIPS shows
We survey a large number of monolayer TMDs to better understand the dielectric tunability comparable to BST at low frequenciesadidition
conditions responsible for various emission characteristics that have been electromechanicaly strainp exceeding 10 nm dis Iag‘ement was meésure d
reported in literatue. We find that the intensities for both-And B peak 9 P

- . - upon fully reversible field induced formation of particles on the surface.
emission vary widely as a result of samfsiesample variations. However, a Complimentary DFT calculations provide further insight into the role of
measurable Bpeak intensity is evident in all samples. There is a clear linear ionic%is Iacer¥1ent in electromeanigal behavior 9

relationship between the two peak intensifeThe emission from the P ’

dominant Apeak is commonly several orders of magnitude higher than B Research conducted at the Center for Nanophase Materials Sciences, which

peak emission, resulting in BiAtensity ratios well below 1%. Yet, as the is a DOE Office of Science User Facility . Research was sponsored by the
A-peak intensity decreases, the ratio of B/A monotonically increases, and ~ Laboratory Directed Research and Development Program of Oak Ridge
we observea BJA ratio up to 30% in monolayer MoShe Aexcitonic National Laboratory, marged by UBattelle, LLC, for the U. S. Department
emission is further quenched when MdSincorporated into an of Energy.

MoS/MoSeheterostructure, where we observe comparableahd Bpeak
intensities. We attribute these variations to differences in exciton
recombination times, clarifying contradictory reports regarding the
accessibility and significance opBak emission. Furthermore, we observe
a high degree of valley polarization in botkefciton emission in isolated
monolayers and A&xciton emission iheterostructures, consistent with
our model detailing the rapid exciton lifetimes ireBhission and van der
Waals heterostructures.

4:20pm 2D+EM+MN+NShA7 A Universal Method for Measuring
Valleytronic Quality of 2D Materials using Conventional Raman
SpectroscopySteven Vitale J.O. Varghese, D.A. Nezich, M. Rothsdvim,
Lincoln Laboratory
Valleytronics offers a new information processing paradigm based on the
momentum index of real or quagiarticles in 2D materials as the
fundamental unit of information storage instead of charge. A major
challenge to realize valleytronic computing is the development of
Supported by core programs at NRL and the NRL Nanoscience Institute  geterministic material growth processes which yield vallegic-quality

3:00pm 2D+EM+MN+NShA3 Optospintronics and Magnetism ith 2D material with the requisite valley relaxation lifetime (T1) and valley
Materials and Heterostructures Roland Kawakami The Ohio State dephasing time (T2). Unfortunately direct measurement of T1 and T2
University INVITED requires complex instrumentation to perform ultrafast spectroscopic

| will review our latest developments in spintronics, optospintronics and measurements and thus is not practidar routine matengl analysis. In this
o . : : paper, we demonstrate that an accurate and reproducible measurement of
magnetism in twedimensional (2D) materials andteeostructures.

Graphene continues to exhibit improved properties for spin transport and T1/Texc (Where Excis the exciton recombination lifetime) can be performed

demonstrates additional functionality through the use of vertically stacked a simple Raman microscope. By simultaneously measuring the

heterostructures. One of the interesting new directions is optospintronics photolp mnescence of the 2D matengl and the .Ra_m an transition of th?
o underlying silicon substrate as a function of the incident laser polarization
enabled by hetasstructures of graphene and transition metal

. - . . angle, one can remove sources of error and equiprtergquipment
hal n TMD) [1]. D h Il | sel n rules of TMD o . . . ;
dichalcogenides ( ) [1]. Due to the valley optical selection rules o Svar|ab|l|ty. This technique is completely generadl @an be applied to any
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valleytronic material which can be grovem or transferredto a Raman

active crystalline substrate, such as silicon. Using this technique we show

that valley relaxation in a sample of Ggfdwn MoSis an order of
magnitude slower &4 K than at 100 K. Oxidation of Md&ft exposed to
the ambient environment severely decreases the valleytronic quality of the
material. Twedimensional mapping of the valley relaxation time of CVD
MoS domains at 4 K shows a thréeld spatial symmetryvhich is

October 25, 2018

focus on the chemical states of the constituent elements. The nature of the
interfaces between individual layers is discussed as well as the
methodologies for generating depth profiles from the acquired data. The
analysis has shown a wigdeale interdifusion of the layers after annealing
of the Au/Ni/Cr/nSiC structure with the formation of surface globules. In
comparison, the Au/Cr/Ni/#8iC contacts have shown a limited
interdiffusion of the layers and relatively smooth surfaces, indicating that

suggestive of new valley physics phenomena which arise in 2D crystals of the intermediate layer of Cr has acted as a diffusion barrier for the Ni. The

finite size. Mogdomain size also affects the valley relaxation time, which
has significant materiggrowth implications for real valleytronic
applications. Finally we corape these measurements to our calculated
requirements for valley relaxation time in a practical information
processing device and quantify the challenges for future valleytronic
material growth.

4:40pm 2D+EM+MN+NShA8 Discovery of Intrinsic Ferromagnetisrim

2D van der Waals CrystalXiang Zhang C. GongUniversity of California,
Berkeley INVITED

In this talk, | will present our discovery of the intrinsic ferromagnetism in
2D van ér Waals (vdW) crystals, including the prominent dimensionality
effect and unprecedented magnetic field control of the Curie temperature
in the nearlyideal 2D Heisenberg ferromagnet. Significant fundamental
physics in 2D magnetism and the correspondingtiexphenomena we

electrical characteristics of the -@&posited and annealed contacts have
been measured using circular transmission line test patterns and the
results correlated with the AES and XR8&lgses.

2:40pm AS+NSThA2 3D Imaging of InGaN/GaN based Nanowires and
Nanotubes using Timef-flight Secondary lon Mass Spectromefryean

Paul Barnes Univ. Grenoble Alpes, CEA, LETI, FraAceKapoor,Univ.
Grenoble Alpes, CEA, Francg@ Durand,Univ. Grenoble Alpes, CEA,
France C. BougerolUniv. Grenoble Alpes, CNRS, FradceEymenniv.
Grenoble Alpes, CEA, France

GaN based nanowire liglemitting diodes (LEDs) can be grown in ordered
arrays on sapphire and large Si substrates. The growth of coaxial
InGaN/GaN multiple quantum wells (MQWSs) on the nonpolaplame
sidewalls of the GaN ive increases the active region area, reduces the
defect density and can increase efficiency in the case of thick QWs due to

observed will be expounded. Updated research on the complex magnonthe absence of quantum confined Stark effect [1]. Variants on this

scatterings, material level engineering of 2D magnetism, and the
development of novel concept of spintronic devices will be further
discussed. Finally, | will envision thessible directions towards advancing
2D magnets for practical spintronic applications.

5:20pm 2D+EM+MN+NShA10Spectroscopic Evidence of Parediated
Bosonic Modes in Superconductor FeSe/SrE(#00) Film Minjun Lee
SeoulNational University, Republic of Kordd. Oh, H. Jeon, S. Yi, |. Zoh,
Seoul National University, Republic of Kgréa ZhangSeoul National
University, Republic of Koreal. Chae, Y. KulGenter for Quantum
Nanoscience, Institute for Basic Science,URép of Korea
Single layer FeSe on Sr[lMO) is atypical but noticed system in
superconductivity. This has unique properties due to the substrate phonon.
Unlike other bulk systems, the presence of the interface allows the
substrate phonons to affect theuperconducting layer. We have
investigated substrate phonon effects on superconducting FeSe layer by
using scanning tunneling spectroscopy and Eliashberg theory. We were
able to measure acoustic, optical and substrate phononglid\&#
spectroscopy. We found these phonon modes attribute to the paring of
electrons in this superconducting layer. These results are analyzed by
Eliashberg model and we will discuss the coupling strength of these bosoni
features. We have found that the subate phonon has major contribution
to increase the transition temperature of this system.

Applied Surface Science Division
Room 204 Session AS+NEhA

Profiling, Imaging and Other Multidimensional Pursuits
Moderators: Ashley Ellsworth Physical ElectronicsJordan Lerach
ImaBiotech Corp.

2:20pm AS+NSThA1l Surface Science Study of Au/Ni/CH&IC and
Au/Cr/Ni/n -SiC Thin Film Ohmic Contact MateridMartyn Kibd, La Trobe
University, AustraligA.J. Barlowl,.a Trobe University, AustraliB.W. Leech,
RMIT University, Australia
Silicon carbide (SiC) has become a promising semiconductor material for
use in elevated temperature and high power devices. Although ohmi
contacts to RSIC have been widely fabricated using a metallization of Ni/n
SiC annealed at ~100GQ, the formation of nickel silicides at the interface

approach include InAIN/GaN MQW tubes and the integration of suicks
in flexible substrates [2].

An important parameter controlling the light emission is the indium
concentration in the MQWs and their thickness, which may vary along the
length of the wire. Timef-flight secondary ion mass spectrometry (ToF
SIMS) haseen used to perform 3D mapping of the indium concentration
in the coaxial MQWs for both GaN wire geometries and InAIN/GaN MQW
tube geometries.

Experiments are performed using a dual beam approach with a finely
focused (<200 nm spot size)s'Bianalysis bam at 60 keV and oxygen
sputtering at 500 eV. The indium concentration is calibrated fromDa 2
MQW structure on which the nanowires are deposited for analysis so that
TOFSIMS analysis can be performed on the sidewall perpendicular to the
MQWs. The TGEMS analysis on single nanowires has allowed the
composition of InGaN quantum wells to be quantified and the fact that the
MQW structure becomes thicker towards the end of the nanowire to be
determined. The ability to target specific nanowires allows theposition
determined by TOSIMS to be compared with photoluminescence and
cathodoluminescence measurements to link the emission of the wires to
the MQW composition and thickness. Using a similar approach it was
possible to characterize the InAIN/GaN MQuVsnanotube structures and
confirm that the MQW structure remains after selective etching of the GaN
core and annealing. Such high resolution BDAS 3D imaging can also be
used for other semiconductor structures such as those grown by selective
epitaxid growth of for visualising doping in microelectromechanical
systems (MEMS) systems.

This work was carried out on the nanocharacterisation platform (PFNC) of
the CEA Grenoble.

References:

R. Koester et al. "Nplane coreshell InGaN/GaN multiplguantumwells

on GaN wires for electroluminescent devices," Nano Lettérgl1), 4839
4845 (2011).

[2] C. Durand et al. "Thiwall GaN/InAIN Multiple Quantum Well Tubes,"
Nano Letterdl7 (6), 33473355 (2017).

3:00pm AS+NSThA3 Atom Probe Tomography: Applications and
Prospects for Surface and Interface Sciendeustin Akey D.C.. Bell,
Harvard University INVITED

has resulted in uneven roughening of the metal surface. We have examined Atom Probe Tomography (APT) is a thdemensional, individuahtom

for the first time the develpment of ohmic contact materials containing
layers of both Ni and Cr (Au/Ni/Ck®iC and Au/Cr/NiASiC). A detailed
study of these layered structures, both-dsposited and subsequently
annealed at 75A.000°C has been undertaken using a range of surface
analysis techniques. Auger electron spectroscopy (AES) depth profiling,
both static and using Zalar rotation, has been used to etch through the
layers into the epitaxial SiC. AES elemental mapping, in conjunction with
SEM imaging, has been used to recdre hature of the surface before and

compositon mapping technique. Specimens are disintegrated alym
atom using a combination of high electric fields and voltage or laser pulses,
causing individual ions to be ejected towards a positensitive detector
with high time resolution. The resultingtigosition, combined with the
ion@ time of flight, allows singl&ngstrom, singlatom time-of-flight mass
spectroscopy to be performed over volumes containing hundreds of
millions to billions of atoms. Recent advances in instrument design and
automationhave greatly expanded the field of materials systems and

after profiling. AES line scans have also been employed to characterize the scientific questions that the technique can address, and it is particularly

subsequent crater walls. In addition; Kay photoelectron spectroscopy
(XPS) depth profiling has been used to characterise the interfaceswith
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well suited to analysis of surface and interface composition.
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Datasets can be processed and analyzed as Higtdyized 1@xomposition mechanisms usually employ electrochemical techniques. Surface analysis
measurements, 2D surface mapping over an arbitrary surface inthree  methods remain rather undeutilized in this field, especially when taking
dimensions, or full volumetric composition maps, allowing a wide variety of into accountthe explosive growth of these surface techniques for the
questions to be asked of a material. We present applications including: bulkanalysis obnano-structurect films in other research fields.
composition fluctuatio and clustering measurements; full 3D composition  ry3jiFILM Planar Solutions (PLNR) is a market leader for metals and
mapping of electronic devices; interface composition and roughness  gjielectric CMP slurries. Our-irouse XPS and T&FMS surface analgsi
determination; composition mapping of nanowire and other quase-  o0s have greatly enhanced our capabiliies in analyzing and
dimensional structures; and surface and bulk composition of catalytic understanding surface reactions, their mechanism, and fundamental

_materials. We also discuss the importance of correlating other science and engineering behind the slurry wafer interaction at the interface
microanalysis techniques with APT and give examples ofmoee during CMP.

correlative work. The development of correlative electron microscopy and

APT specimen geometries have allowed otherwise unraévquestions The goal of this presentation is to review selected results provided by

to be answered, and new work extends this into the realm of combined in adv_anced surface analysis tOOIS_ (_:ombined with Oth?' gomplemgntary_
situ and exsitu measurement of the structural and compositional evolution testing methods. Examples describing CMP characterization are given in

of materials. Finally, we will discuss future prospects for the technique and two technologi(_:a_l areas that are groyving in_ imr_mnge: (1)_Cu a_nd Cq CMmP
and (2) Defectivity in front end of line polishing involving dielectrics. We

also pay particular attention to show how the recent improvements in
4:00pmAS+NSThA6 TOFSIMS Analysis with High Lateral and High Mass instrumentation could open new opportunities and fundamental
Resolution in ParallelF. KollmerlONTOF GmbH, Germam.J. Havercroft,  understanding of howgface analyses can enable improvements in slurry
IONTOF USAA. HeR, JustusLiebig University Giessen, Germady Zakel, design for CMP, thus leading to the development of rgeteration

D. Rading, H. Arlinghauswald NiehuistONTOF GmbH, Germany advanced CMP slurries and processes.

Timeof-flight secondary ion mass spectrometry (T8IMS) is a very
sensitive surface analytical technique. It provides detailed elemental and
molecu_lar |n_format|on a_bout surfaces, thin layersterfaces, and full . Institute of Science and Technology, Republic of KoReaVerduzco,
three-dimensional analysis of the sample. A general strength of the applledShared Equipment Authority, Rice Universit. LeeKorea Institute of
time-of-flight mass analyzer is the very high transmission that is due to the ' '

A . . . fScience and Technology, Republic of Korea
fact that the entire mass range is analyzed in parallel. Any selection o hnological h d the devel ‘i inal
peaks mior to the analysis is not required. Technological progress has spurred the development of increasingly

. . sophisticated analytical devices. The full characterization of structures in
However, the timeof-flight analyzer suffers from a trad&ff between mass terms of sample volume and composition is now hjgldomplex.

resolution, lateral resolution, and signal intensity. Even under low intensity Traditionally, the surface spectroscopic techniques such as AES-8INSF

its applicationto surface science.

4:40pm AS+NSThA8 Correlative Images of Microscopy Spectroscopy:
Beyond the 3D Characterization in Sace AnalysisTanguy TerlierKorea

conditions highest mass resolution and highest lateral resalugice not provide the chemical distribution of sample surfaces. Nevertheless, an
obtained at the same time. In our contrlbutlon, v_ve_W|I_I discuss an improved important issue in surface analysis is to perform 3D chemical mapping of
analyzer setup that allows us to overcome this limitation. structured samples with @omplex architecture, conserving as well high

In order to obtain a high mass resolution, a thokeflight analyzer needs a  spatial resolution (lateral and idepth) as high mass resolution. During the
very short start signal for the alysis cycle. Under static extraction surface analysis, only a projection into 2D surface mapping is achieved
conditions, a wider primary ion pulse broadens the width of any peak in thewhich reverse the topographic render after the-depth andysis.
spectrum and thus reduces the achievable mass resolution. However, theMoreover, the use of ion beam sputtering induces preferential sputtering
generation of very short pulses by bunching inevitably broadens thé spo and damage accumulation due to the sputter beam. So, the surface
size of the beam and leads to very low primary ion currents as well as longoughness generated by the sputtering affects the depth profiling of
acquisition times. Even under lowest current conditions this approach chemical signals. In consequence, the amiic 3D chemical distribution as
remains a compromise since it does not allow one to obtain the maximuma function of the depth is completely distorted or lost.

performance in terms of lateral resdion. Alternative approaches to resolve the artifacts of 3D chemical images exist.
A promising approach in order to overcome this fundamental traffés to Among these solutions, the use of Scanning Probe Microscopy (SPM) in
pulse the analyzer and to extract the secondary ions just after the primarycombination with asurface spectroscopic analysis permits to correct the
beam hits the surface (delayed extraction). Under delayed extraction depth scale of the data and to reduce the artifacts due to the depth
conditions, the width of theprimary ion pulse no longer influences the profiling. In addition to the data correction, correlative approach using SPM
uncertainty of the start signal of the tirpef-flight analysis. High lateral and surface spectroscopy offers the unique possibiltty couple
resolution and high mass resolution are obtained in parallel with long ion topography with 3D chemical information for having access to the accurate
pulses at higher, and thus more useful, ion currents. Moreo¥e delayed volume render. Merging other measurable signals such as electrostatic
extraction mode does improve the analysis of topographic surfaces inforce microscopy with 3D chemical analysis can also enhanced the
terms of transmission and mass resolution. Although this approach hasunderstanding of the surface propes and structure characteristics.
been well known for many years and is frequently applied in MALDI, theager 4 brief introduction to the data fusion, different methods of 3D
application in TOBIMS is onlyecently increasing. We have optimized this  reconstruction used in surface analysis will be discussed. In particular, we
mode and we will show.that the achieved |mprovem_ents are very useful fo_rWi” show a recent method, the dynamicodetbased volume correction.
the analysis of most_ kinds of samples and analytical tasks and that thisrhis method has been applied on a pattemed sample using two
mode has the potential to become a standard mode for -BIMS anigses combination of techniques, SPM/T&MS and SPM/AES. Then, we have
as well. compared the performances ofx situ SPM/TOFSIMS with a new
In our contribution, we will discuss the pros and cons of the delayed instrument, anin situSPM/ToFSIMS. To illustrate the new potentialstbe
extraction mode. Investigated samples include: pharmaceuticals, biologicakorrelative imaging method, we have characterized two different samples,
samples and reference samples. a cryefreezing prepared cell sample and a ssdsembled block copolymer

. L .. film. Finally, we will explore the applications of the correlative microscopy
4:20pm AS+NSThA7 Industrial Applications of Surface Analysis in 4 spectroscopy analyzjna standard SRAM sample that is composed of

Chemical Mechanical Planarizatiohlong Piao Y.N. Liang, J. McDonough, ' atterned structures integrating concentratierontrolled doping. This
C. Ballestero&;UJIFILM Planar Solutions, LLC, FUJIFILM Electronic maten{lample has provided muisignal mappings and a quantitative analysis

USA., In¢.E. TurnerFUJIFILM Planar Solutions, LLC, FUJIFILM Electronic

materials USA., IncA. Mishra, R. WerkFUJIFILM Planar Solut®) LLC, 5:00pmAS+NSThA93D Structure of Atomically Dispersed Metal Species
FUJIFILM Electronic materials USA., Inc. on an Oxide Single Crystal Surface Studied by Polarizadiependent
Chemical mechanical planarization/polishing (CMP) is a chemical reactiodotal Reflection Fluorescence (PTR&AFS Satoru Takakusagi K.
assisted mechanical polishing process in the semiconductor manufacturingsakukraHokkaido University, Japan

industry to remove overburden material or specific layersthe film Precise sizeamtrol of metal species on an oxide surface, especially in the
stacking and to planarize the topography at the patterned wafer surface. range of <1 nm, is now highly important to develop the rgstheration
Although the basic principles of CMP are understood, thorough catalysts, sensors, and electronic devices. However this is not easy since
understanding of surface chemical processes which occur during polishingnetal atoms are easily aggregated to form lang@rticles on an oxide

is still lacking, especially the chestny at the interface of the surface. This is due to the small stabilization energy and/or the small
wafer/slurry/pad. Investigations aimed at understanding fundamental activation energy for the metal diffusion. If one can obtain a monatomic
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metal species on an oxide surface, it can be a building block for synthesis ofhe purpose of this talk is torgvide experimental guide for the

the metal cluster and helps us to control the cluster size in -at@m
precision. Our group has developed thgremodified surface methadto
obtain a highly dispersed metal species on an oxide single crystal surface. |
the premodified surface method, the oxiderface is precovered with a
functional organic molecule possessing a substituent atom which can
strongly coordinate to a metal atom before metal deposition. We have
determined the precise 3D structures of such metal species by polarization
dependent total eflection fluorescence (PTRRAFS technique.

In this study, various metals such as Cu, Au, Ni and Pt were vacuu
deposited on a Tig110) surface premodified witb-mercaptobenzoic acid
(0-MBA) and their 3D structures were determined by the RXRFS

characterization of ultrathin coatings (both flat and in form of particles).
Two set of samples will be described: Inthffusion will be characterized

in a flat coating obtained from Atomic layer deposition (ALD) proaesis

contamination analysis will be then discussed on micron size particles with

ultrathin coating. Different strategies will be then discussed to obtain
concentration profiles using Tirmef-flight secondary ion mass
spectrometry. Principal component analy will then be used to
successfully convert mass spectrums into big data and extracting

similarities between spectrums and samples.

technique. We have found that Cu, Au and Ni were atomically dispersed byElectronic Materials and Photonics Division

bond formation with sulfur ob-MBA and oxygen in the TiGttice, but Pt
was aggregated to form clusters. We will discuss the factors that govern
single metal dispersion based on the eegy difference between
sulfumetalboxygen and metaimetal bond formations.

5:20pmAS+NSThA10XPS Imaging and Spectromiscroscopy Investigation
of Extended Release Pharmaceutical Tabjefonathan Counsell S.J.
Coultas, C.J. Blomfieldratos Analytical Ltd, YI0.J. ScuriThe University
of Nottingham, UKL. MasonUniversity ofNottingham, UK V. Ciarnelli,
J.M. Garfitt, S. Rigk$ingleton,Juniper Pharma Services Ltd, ;U4.R.
Alexander,The University of Nottingham, YHA.C. DaviesUniversity of
Nottingham, UK C. Moffitt, Kratos Analytical Ing.S.J. HuttonKratos
AnalyticalLtd, UK
The effects of formulation methodology on the performance of tablets
have been studied for decades. Typically tablets consist of the active drug
and excipients which influence stability, release rate and binding. HPMC
(Hydroxypropyl Methylcellul@ is a hydrophilic polymer commonly used
in extendedrelease tablets as it shows rapid hydration and uniform gel
formation. The microstructure of HPMC particles in matrices influences the
ability of HPMC to form gel layers after contact with water, thgreb
affecting release characteristics. While previous studies described the use
of Raman spectroscopy as a benchmark method for chemically imaging
solid pharmaceutical formulatiofsthere are relatively few contributions
reporting the application of XPS-(&y Photoelectron Spectroscopy) in this
field. New insight into tablet component distribution could be employed in
the successful formulation design and development process.

Herein we investigate the novel application of XPS to elucidate the
distribution o both drug and excipients species. Parallel XP imaging
capabilities will be illustrated and demonstrated for several tablet systems
yielding information on particle size, distribution and shape. The use of

smallspot XPS provides quantitative and chematate information on
imaging features. The novel use of argon cluster ion bombardment will be
discussed for both cleaning and depth profiling. Rfitkg, pitfalls and
limitations will be explored and compared with other complementary
techniques such aboFSIMS.

Stracharet al. Journal of Pharmacy and Pharmacology. 2007-1829

5:40pmAS+NSThA11An experimental Guide to Conversion of F8IMS

Spectrum to BIG DATA: Application in Analysis of Ultrathin Coatings
Kevin Abbasi A.A. Avishai,Swagelok Center for Surface Analysis of
Materials, Case school of Engineering, Case Western Reserve University

Room 101A Session EM+2D+NS+PS+RM¥FiA

IoT Session: Flexible Electronics E&lash Networking

Session
Moderators: Shalini Gupta Northrop Grumman ESSang M. Han
University of New Mexico

2:20pm EM+2D+NS+PS+RM+TMHAL Epitaxial Electrodeposition of
Electronic and Photonic Materials onto Wafaize Single Crystal Gold
Foils for Flexible ElectronicsJay Switzer Missouri University of Science
and Technology INVITED
Singlecrystal silicon (Si) is the bedrock of semiconductor devices due to the
high crystalline perfection that minimigeslectrorhole recombination, and
the dense Si@hative oxide that minimizes surface states. There is interest
in moving beyond the planar structure of conventionab&sed chips to
produce flexible electronic devices such as wearable solar cells, sensor
and flexible displays. Most flexible electronic devices are based on
polycrystalline materials that can have compromised performance due to
electrorthole recombination at grain boundaries. In order to expand the
palette of electronic materials beyondaplar Si, there is a need for both an
inexpensive substrate material for epitaxial growth, and an inexpensive and
scalable processing method to produce epitaxial, ghminndaryfree films
of metals, semiconductors, and optical materials. Recently, in our
laboratory, we have developed a process for producing wsitee, flexible,
and transparent singlerystal Au foils by an electrochemical processing
method ™ Au is epitaxially electrodeposited onto Si using a very negative
applied potential. An interfacidayer of SiQis then produced
photoelectrochemically by lateral undergrowth. The Au foil is then
removed by epitaxial lifoff following an HF etch. We will report on the
electrodeposition of epitaxial films of metal oxide semiconductors such as
CuO ard ZnO onto the hightgrdered and flexible Au foils. We will also
present new, unpublished results in which we spaat epitaxial films of
perovskites, such as CsPhBilirectly onto these Au foils and onto other
single crystals.

Acknowledgement: This psentation is based on work supported by the
U.S. Department of Energy, Office of Basic Sciences, Division of Materials
Science and Engineering under grant No:AOBIB208ER46518.

[1] Mahenderkar N., Chen Q., LiuCY, Duchild, A., Hofheins, S. Chason E.,
Switzer J (2017). Epitaxial Hiff of electrodeposited singlerystal gold foils
for flexible electronics. Sciencg&55, 12031206.

Thin films are traditionally being characterized using cross sectional3:00pmEM+2D+NS+PS+RM+TRA3Flexible Electronic Devices Based on

analysis with sanning or transmission electron microscopes. Although
accuracy of these technique are very higlg ihard to analyze a large
number of samples this way. Surface analysis instruments suchras X
photoelectron spectroscopy (XPS), Auger Electron Spectrpd&ES) and
Timeof-flight secondary ion mass spectrometry (BMMS) can be used to
analyze the top surface and erode it with focused ions. Alternating the
analysis and ion etching cycles, concentration profiles can be achieved.

In specific conditions wdre the element of interest has very low

Two Dimensional Materials R. Kim, N.R. Glavirhir Force Research
Laboratory R.H. Rai, K. Gliebe, M. Beebejversity of Dayton; Air Force
Research Laboraty; J. Leem, S. Nanniversity of lllinois at Urbanra
ChampaignR. RaoAir Force Research LaboratpGhristopher Muratore
University of Dayton
Low temperature synthesis of high quality 2D materials directly on flexible
substrates remains a fundamentahitation towards realization of robust,
strainable electronics possessing the unique physical properties of

concentration or the thickness of the coating is less than the analysis atomically thin structures. Here, we describe room temperature sputtering

volume (ultrathin films), TeBIMS becomes a very powerful tool as it
provides the best detection limit and smallest analysis depth. Extracting
useful and specific information from the mass spectra and reducing the

of uniform, stoichiometric amorphous MgSN Se, and other transition
metal dichalcogenides and subsequent large area (>3 photonic
crystallization to enable direct fabrication of twtimensional material

dimensionality of very large datasets, is a challenge, that has not been fully photodetectors on large area flexible PDMS substrates. Fundamentals of
resolved. Multivariate analysis has been widely deployed to assist in the crystallization kinetics for different monolithand heterostructured TMDs

interpretation of the TofSIMSdata. Principal component analysis is a

popular approach that can help ease the task of analyzing spectrums

acquired at different locations from the top surface, compare it against
different samples and help extract trends.
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are examined to evaluate this new synthesis approach for affordable,
wearable devices. The photodetectors demonstrate photocurrent
magnitudes and response times comparable to those fabricated via CVD
and exfoliated materials origid substrates and the performance is
unaffected by strains exceeding 5%. Other devices and circuits fabricated
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from crystallized 2D TMDs deposited on large area flexible substrates are 3:00pm MN+2D+A+NSThA3 Probing lon Radiation Effects in Silicon
demonstrated. Crystals by 3D Integrated Resonating Thin Diaphraghtsilong ChenH.

] . Jia, V. PashaeCase Western Reserve University. Liao, C.N. Arutt, M.L.
3.20pm EM+2D+NS+PS+RM+ 4 Contgct Reglstances anBchottky McCurdy,Vanderbilt UniversityP. HungThe Aerospace CorporatipiR.A.
Barrier Heights of MetalSnS Interfaces)enifer HajzusL. PorterCarnegie

I . . iacchi ich ioh ional Reed, R.D. Schrimpf, M.L. All¢anderbilt University P.X-L. FengCase
Me .on University A. Biacchi, S. Le, C. Richter, A. Hight WaNatipna Westen Reserve University
Institute of Standards and Technology (NIST) L o .
) ) ) . . . Space radiatione(g, solar, galaxy) and manade radiation environments
T|n(||_) sulfide (Sn3) ISa nat_lvewype, layered seml.conduc':tor'that is of (e.g, nuclear plant) can expose devices to radiation at doses that may lead
interest for two-dimensional and optoelectronic applications.

; ) . ; > . to severe damage [1]. In recent decades, a large body of work has been
Understanding the behavior of contacts to SnS is essential for its use in

) . S : ; performed tounderstand radiation effects on mainstream solid state
devices. In this work, contact metallizations with a range of work functions  ooctronic devices EB], in particular on MOS devices [2] and integrated
were characterized on both solutlesynthes_|zed, ﬂype_Sn_S nanoribbons circuits [3]. Lately, microelectromechanical systems (MEMS) have seen
and electrorbeam evaporated, polycrystalline SnS thin films. The structure widespread adoption in consumer, military and aerospacipcts due to
and gropert_les of electrmbeamdevaporateq_SnS f'lmT were gepen_d_ent their small size, low power consumption, and in some cases, monolithic
upon deposition temperature and poskepositon anneaiing. A eposm_on integration with electronics [4]. As such, the reliability of MEMS devices for
temperature of 300°C followed by vacuum annealing at 3@Wresulted in

horhombi fil ifi . Til many applications in relatively benign environments has been well
P-type, orthorhombic SnS films. Specific contact resistances of Ti/Au, established [5]. Howevethe study of impact on mechanical properties

Ru/Au, Ni/Au, and Au contacts were meagured on SnsS films usir_]g circular due to radiationinduced damages is an area where limited research has
transfer lengh method (CTLM) patterns prior to and after annealing the

. . S . been conducted.
contacts at 350 C in argon. All metallizations on SnS thin films were ohmic

prior to annealing. A trend of decreasing average specific contact In this work, we report on experimental _investigation of_ _heavy ion radiation
resistance with increasing metal work function waserved for the as effects on mechanical properties of Si crysfddy exploiting a novel 3D
deposited contacts. Annealed Ru/Au exhibited the lowest average specific ~ Scheme of using 5 vertically stacked micromachined vibrating Si
contact resistance of ~1.9 x 1@ -cm? Contacts were additionally diaphragms (2 mm 2 mm x 2um) exposed to oxygen ions. Simulations
patterned onto individual, solutiosynthesized SnS nanoribbons. In find the stop range of oxygen ions in Si isji& A Pelletron system is.
contrast to the behavior ofontacts on electrosbeam evaporated films, employed to irradiateoxygen ions into the Si diaphragms (10.3MeV, with a
low work function metals (Cr/Au and Ti/Au) formed Schottky contacts on  d0Se of 5.6x10"cm?). Before and after radiation, multimode resonances
SnS nanoribbons, whereas higher work function metals (Ni/Au and Pd/Au) ~ @re characterized in vacuum by using an ultrasensitive optical
formed ohmic or sembhmic contacts. Ni/Au exhibited a lower contact interferometry system. We have observed that diaphragms D1 and D2,
resistance (~16m crreor lower) than Pd/Au (-£0m cnior lower). which oxygen ions are_expectgd to pass completely through, present
Schottky barrier heights and ideality factors of Cr/Au and Ti/Au contacts ~Modestmultimode redshifts ranging from 0.85 kHz to 1.67 kHz, and 0.85
were extracted by fitting currertoltage measurements to a bati-back kHz to 1.19 kHz, corresponding to an average fractional frequency shift of
Schottky diode model. The ohmic behavior Ni/Au and Pd/Au and the 10.5% and 7.0%, respectively. In contrast, for devices D3 and D4, in which

calculated Schottky barrier heights (0.39 and 0.50 eV for Cr/Au and Ti/Au, MOStions are expected to stop, each reaone peak sl]ifts much more
respectively) on SnS nanoribbons agree well with behavior predicted by dramatically, with a frequency shift of 27.3% and 20.4%. We attribute these

SchottkyMott theory and suggest a lack of Fermi level pinning. large shifts to the very large capture area of the diaphragms, the very
heavy and energetic oxygen ions, and high ion dose. Device D5 shows

minimal frequency shifts among the five diaphragms because few oxygen

ions reach and interact with this device layer. The diaphragm stack exhibits
MEMS and NEMS, Gup outstanding capability for probing radiation damages in MEMS, not only
Room 202B Session MN+2D+AN+N3IA able to capture the radiation events obviously, llgo help analyze
Nonlinear and Thermal Resonators different amount and types of damages induced in each stacking layer.
Moderators: Meredith Metzler University of PennsylvaniaChristian [1] L. Gregoryet al., Proc. IEEB2, 1974. [2] J. R. Srowet al, Proc. IEEE.
Zorman Case Western Reserve University 76, 1988. [3] H. L. Hughes, al., IEEE Trans. Nucl. $€i. 2003. [4] N. Arutt,

) ) ) et al., Semicond. Sci. Techn82, 2017. [5] H. R. Shea, Proc. SPE28
2:20pm MN+2D+AN+NShAl Embracing Nonlinearity and Thermal op11.

Fluctuations in Nanomechani¢®aniel Lopez D.A. Czaplewski, Ched,
Argonne National LaboratoryD. Zanette,Centro Atomico Bariloche, 3:20pm MN+2D+AN+NShA4 An Array of Thermallactuated
Argenting S. ShawMichigan State Univrsity INVITED Nanoresonators for Redaime Mass SpectrometryMartial Defoort, M.
The field of micremechanics is now a welistablished engineering domain ~ Sansa, M. @y, G. Jourdan, S. HenEA/LETWniversity Grenoble Alpes,
with demonstrated impact in fundamental science and produ France
development. Unfortunately, as the dimensions of the devices are reducedMicro/Nano-ElectroMechanical Systems (MEMS) have attracted much
from the micro to the nanoescale, the direct scaling of the fundamentals attention in the last years in the mass spectrometry field. They feature high
principles and fabrication processes cease to work. When going fromsensitivity, charge independent and single particle detection capabilities, in
micro- to nanomechanical systems, MEMto NEMS, the devices linear a mass range where conventional mass spectrometry struggles, hampering
dynamic range can be reduced to the point where the amplitudes neededthe analysis of large mass objects like protein complexes or virusés [1
for lineal response are below the noise level and, as a consequence|n general the size and mass of the device defines the size and mass ranges
operation in the nonlinear regime is unavoidable. Furthermore, thermal of the particles to measure for frequency tracking and point mass
fluctuations and fluctuatiorrinduced forces become relatively stronger approximation purposes. However, as marsilicon M/NEMS are
causing significant changes in their dynamic response and on the manner ig|ectrostatically actuated, the gap between the driving electrode and the
which they interact with the surrounding environment. This combination of resonator becomes a critical parameter. While for many applications this
nonlinear dynamics and high sensitivity to fluctoas has been seen as a gap should be as small as possible for high efficiency actuation and high
deleterious combination for the advance of nano mechanical devices. signafto-noise ratio, a particle landing within the gap results in a
Rather than continuing to struggle to avoid these phenomena, it is of catastrophic failure of the device through electrical shartuit or
interest to consider how micro/nanosystem might effectively capitalize on mechanical anchoring.
this nonlinear fluctating response. In this talk, | will demonstrate that e present a new actuation scheme for doublgmped beams which rel
nonlinearity offers unique possibilities for the controlled response of micro  jes on the thermal expansion of nametuators in silicon due to Joule
and nano mechanical devices and, thereby, a host of novel application heating, located close to the anchor of the resonator (Fig. 1), that we
opportunities. Examples of these opportunities inclutle development of demonstrate to work in an array of 20 NEMS (Fig. 2). Unlike some
compact frequency sources with low phase noise, the engineering of thermoelastic actuation schemes [5], the technique we propose does not
dissipation reservoirs to manipulate energy decay processes, and the require an additinal layer (of, for example, a metal) and is readily CMOS
enhancement of synchronization range between microscopic and compatible. Because of their small size and thermal capacity, the thermal
macroscopic oscillators. time constant of the actuators is small enough to drive the resonator up to
several 10@ MHz with large efficiency and totaate the two first flexural
modes of the same device simultaneously, which is required for single
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particle mass sensing . The detection scheme uses the piezoresistive actuation voltage is applied to the fingers of the couhlive structure, an
gauges located on the other end of the beam, as previously presented [6]. axial compressive force is applied to the suspended slender beam which is
We compare tk performance of this actuation technique with a standard connected to an anchor from the opposite end. Applied axial force creates
electrostatic scheme both on the same array and demonstrate the thermal a compressive stressahe slender beam which leads to buckling after a
actuation does not affect the level of frequency fluctuations limiting the  critical load. Buckling direction can be controlled (left/right) by changing
device mass resolution (Fig. 3). the applied sidegate control voltages. The capacitive attraction force
generated between the beam and the activated electrodmtmls the
direction of the buckling. Control voltage acts as the logic input for writing
information and it is only required just before the application of the axial

1. Hanayet al, naure nanotechnology 2012.
2. Sageet al, nature communications 2015.

3. Sageet al, Arxiv 2017. load, so that the beam can be preloaded to the target direction. Lateral
4. DomingueMedinaet al, Arxiv 2018. deformations adarge as 10% of the beam length can be achieved.
5. Mo Liet al, nature nanotechnology 2007. Once the beam is buckled to the desired direction, the removal of the

guidance voltage does not affect the buckling state of the beam, which
indicates successful nerolatile information storage. Moreoveby altering
4:00pmMN+2D+AN+NShA6Nonlinear and Noise Induced Dynamics of the voltage difference created in the cordive structure, buckling
High Q Nanomechanical Resonatpdana Huber E.M. WeigUniversity of amount can be controlled very precisely. Control voltages as low as 0.5V
Konstanz, Germany INVITED are demonstrated for storing information. The device is fabricated from an
Doublyclamped prestressed silicon nitridstring resonators excel as high SO! wafer by using electroheam lithography, metal deposition and

Q nanomechanical systems enabling room temperature quality factors ofPlasma / HF etching techniques. The dimensions of the slender beam are
several 100,000 in the 10 MHz eigenfrequency range when operated under-50nm x 250nm x 40n for the width, thickness and length respectively.
vacuum conditions. To retain the high mechanical quality factor, dielectric Several videos demonstrating dynamically controlled electrostatic buckling
transduction is implemented as an @lectrical control scheme avoiding have been recorded during the experiments. The nanoelectromechanical
the metallization of the string. To this end, the string is exposed to an!0gic memory demonstrated here is scalable since its operation does not
inhomogeneous electric field created between adjacent electrodes. Therequire any higkend electronic instruments such as function generators,

6. Mileet al, nanotechnology 2010.

resulting gradient field provides an ideal agbrm for actuation, and can be accomplished by simply usitgdwer sources. To readout the
displacement detection, frequency tuning as well as strong mode couplingState of the beam aklectronically, the device is capacitively coupled to a
between the in and outof-plane modes of the string. microwave resonator. The changes in the frequency shows clear transitions

. . " . between buckled and straight states.
Here we focus on the nonlinear dynamics of the string subject to a strong 9

drive. As a result of the high quality factor, cubic as well as higher order!t iS possible to build twhit mechanical logic gates and more involved
nonlinearities are observed. In the presence of thermal fluctuations, |0giC units by using proposed nanoelectromechanical logic bit. As a further

satellite resonances arise which asle deep insights into fundamental matter, precise control of the buckling in nanoscale can be very promising
properties of the system. for demonstrating the interconnection between information scienceda

thermodynamics.
4:40pm MN+2D+AN+NShA8 SNIC Bifurcation Generated Mechanical
Frequency CombDavid Czaplewski D. Lopez,Center for Nanoscale

Materials, Argonne National LaboratoryO. Shoshani,BenGurion Nanometerscale Science and Technology Division

University-Negev, IsraglA.M. ErikssorChalmers Universitof Technology, .
Gothenburg, SwederS.W. ShawFlorida Institute of Technology Room 102B Session NS+2D+AS+MN+HQR

Microelectromechanical (MEMS) resonant structures can exhibit SPMg Probing Electronic and Transport Properties
unexpected behavior when driven to a nonlinear response. Beyond the Moderators: Ondrej Dyck Oak Ridge National Laborato§ergei Kalinin
normal Duffing behavior observed for ndinear resonators, the behavior ~ Oak Ridge National Laborayorindira SeshadrilBM Research Division,

of a MEMS resonator can become complex at an internal resonance, whenalbany, NY
the frequencies of two modes of the structure are in a simple ratio, leading
to an exchange of energy between the modes. Recently, operation of ~ 2:20pmM NS+2D+AS+MN+PDAL Imaging Currents in Twdimensional
MEMS oscillater at internal resonance has led to increased frequency ~ Quantum Materials Katja Nowack Cornell University INVITED
stabilization and the creation of coherence time, where the amplitude and Magnetic imaging is uniquely suit¢o the noninvasive imaging of current
frequency of the oscillator remains constant for thousands of oscillations densities, particularly in twalimensional devices. In this talk, | will
after the external driving is removed. Here, we demtrate a bursting showcase this approach by discussing measurements on HgTe quantum
behavior in the temporal response of a MEMS resonator that produces a Well devices in the quantum spin Hall (QSH) regime. In a nutshell, we scan a
frequency comb in the corresponding spectral response. The bursting ~ superconducting quantum interference device (SQUID) to obtain maps of
behavior is a result of a bifurcation in the response of the resonator that the magnetic field produced by the current flowing in a device. From the
occurs at an internalssonance. The fundamental flexural mode exchanges magnetic image we reconstruct a twbmensional current distribution
energy with a torsional mode causing the amplitudes of both modes to varyWith a spatial resolution on the micron deaThis allows us to directly
on a time scale (~1s) that is much larger than the period-§)®f a single visualize that most of the current is carried by the edges of the quantum
oscillation of the resonator. Through analysis of gygiations of motion well devices when tuned into their insulating gagskey feature of the
and understanding the complex dynamics of the MEMS resonator, we  QSH state. | will both discuss routes towards improving the spatial
show that the bursting behavior is the result of a saddle node onan  resolutian of our measurements to sufmicron length scales through a
invariant circle (SNIC) bifurcation. By varying the drive amplitude and drivecombination of improved image reconstruction and smaller sensor sizes.
brsing cynamice and demonatrate contol of the Spacing i the measured 0P NS+2D¥AS HHIN+PIBA3 Sidegate Consiruct for Probing Active
Energy Levels in Electron Transport througtSalidstate Surfacebound

frequency combs. A possible app_llcatlo_n of this interesting behavior is in Protein Monolayer Sidney CoherB. Kayser, C. Gua, M. Sheves, I. Pecht, D.
the area of biology. The SNIC bifurcation has been asedstandard . . .
CahenWeizmann Institute of Science, Israel

mechanism for spiking in neuron models with several different types of Electron t It studi id llent platf to ded
neurons exhibit bursting behaviors. This suggests that the MEMS resonator ectron transport SWOIES provide an excetlent platiorm to deduce
electronic structure in molecular electronics studies, dirabcontrol and

can be used as a possible candidate to mimic and therefore study the derstandi fth th q hani involved. Due to thei
dynamics of interacting neans using a purely mechanical structure. understanding of the pathways and mechanisms involved. ue to their
complexity, proteins are used only infrequently in this context, despite

5:00pm MN+2D+AN+NShA9 A Bucklingbased, DC Controlled, Nen convenient properties such as selective binding,-astfembly, light
volatile Nanoelectromechanical Logic Memqgrg.O. Erbil, U. Hatigh, sensitivity, and the possiity to (bio) chemically tailor properties . Here,
Bilkent University, TurkeyC. YaR, Saban®University M. Ghavami, we study electron transport in monolayer films of Azurin, using a 3
Mehmet Selim HanayBilkent University, Turkey electrode configuration with a novel sidmte. The source and drain are

Here, we demonstrate a budhty based, nanoelectromechanical logic bit ~ gold substrate and conductive atomic force microscop&f®) pobe,

with high controllability and low logic input voltage. The device consists of respectively. The measuring devices were prepared in astep electron
a slender beam to store information through its buckling direction and a beam lithography process, whereby interdigitated drain and gate
combdrive structure for initiating buckling electrostaticallyWVhen an electrodes with separation of 80 nanometers are patterned from
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macroscopic electrodes, the latter formed opticaily a silicon oxide from Schottky to Ohmic junction.u® result indicates that controlling bulk
substrate. The gold electrodes are patterned with the gate elevated by 20 and surface contribution to the transport is crucial for realizing topological
nm for improved coupling with the drain. After deposition of the Azurin  devices.
monolayer on this structure, the carrier chip was wirended for insertion
into the AFM Azurin was incorporated in the device both as copper
containing holeAzurin, and as apézurin with the Cu ion removed.
Stability of sourcarain vs. VeurcedrainCurves, as well as gatrain leakage
were monitored for validity.sburce drain VS. Moure-drainCUrves were acquired at
different gate voltages, an@olrce drain &t 0 Mourcedrainwas measured while
sweeping Yae in both polarities. Asymmetry of current onset for opposing
gate biases points to a lelying LUMO transport level for helyzuin. For
apo-Azurin this level is shifted to higher values and hence inaccessible. _ :
Semiquantitative location of the tail of this LUMO, as well as value of gate ~ &dsorbed on both a ntel, Au(111), and a dielectric, monolayer Rbl on
coupling were estimated by changing the work function of the drain ~ Au(l111), serving as models for stronger and weaker electrostatic
electrode, i.e. G\FM probefrom Pt ( =5.3 eV) to Au.(=-4.9 eV). The interactions, respectlvely. In both cases, STS reveal_ed modul_atlons in the
observations can be rationalized by considering previous electrochemical CNT LDOS corresponding to features in the underlying materiah&xe t
and theoretical studies. corroborate our STM/STS results with density functional theory
calculations of the electronic structure of semiconducting CNTs in the
3:20pm NS+2D+AS+MN+PA4 Adding Electrons One at a Time to presence and absence of an external dipole (a pair of opposite charges).

4:20pm NS+2D+AS+MN+PMA7 Modulation of SingleWalled Carbon
Nanotube Electronic Structure by External Electronic Perturbatio
Scanning Tunneling Spectroscopy and Density Functional Theory
Benjamen Tabét G.V. NazirJniversity of Oregon

Understanding the local impact of environmental electic perturbations

on the local density of states (LDOS) of shwggdled carbon nanotubes
(CNTs) is critical for developing GibéEed devices. We present scanning
tunneling microscopy and spectroscopy (STM/STS) investigations of CNTs

Electrostatically Confined Graphene Quantum Dof3aniel Walkup C. DFTFcalculated CNT LDOS quantitatively mattB&M/STS results,
Gutierrez, F. GhahariNational Institute of Standards and d@ology providing key insight in to the local impact external charges have on CNT
(NIST)/ University of Maryland, College Patk LewandowskiMIT; J. electronic structure.

RodriguezNieva, Harvard UniversityT. Taniguchi, K. Watanablational . ) )
Institute for Materials Science (NIMS), JapanLevitoMIT: N.B. Zhitenev, ~ 4:40pm NS+2D+AS+MN+PDAS Single Charge and Exciton Dynamics
J.A. Stroscidyational hstitute of Standards and Technology (NIST) probed on the Molecular Scajé\nna RoslawskaP. Merino, C. Grosse, C.C.

The Coulomb blockade of adding charges to isolated metallic systems is€00: O- Gunnarsson, M. Etzkorn, K. Kuhnke, K. MaxrPlanck Institute
one of the most characteristic phenomena of quantum dots (QDs). Here,for Solid State Research, Germany ) )

we created circular graphene QDs in a backgated graphemagonal The pgn‘ormance of organic qptoelectronlc dew_ces depends on the
boron nitride (hBN) device by locally ionizing defects in the hBN layer, using  dynamics of charges and excitons (electiwie pairs). The relevant

the electric field from the tip of a scanning tunneling microscope (STM). Processes have been mostly studied by tireeolved techniques with a
Scanning tunneling spectroscopy (STS) enables us to image the local densitgPatial resolution limited by optical diffractiom érder to overcome this

of states outside and within #se circular graphene resonators. At weak _limit, @ nanoscale scanning probe approach that enables addressing
magnetic fields, confinement of graphene electrons is poor and Coulomb individual light emitters is preferred. Here we introduce timesolved
blockade is not observed. At higher fields, however, the graphene electronsS¢anning tunneling microscopyduced luminescence (fRTML) and use it
form quantized Landau levels (LLs) separated by energy gaps.drethef t(_) explc_)re_z locallytie single charge and ;lngle_) e)_((:lton regime. The excitonic
the QD, the LLs are bent by the electrostatic potential creating metalliic lght originates from structural defects irdEhin films on Au(111) that act
(compressible) rings where a LL crosses the Fermi energy, separated 8 charge and exciton traps. Such a defect is a _smgle photon emitter, whose
circular insulating barriers (incompressible strips), which isolate the dot ~ SPectrum has a sharp electrdiole recombhation feature [1,2]. By

from the graphene and endb the onset of Coulomb blockade. Tunneling ~ Measuring the_tlmeresol_ved electrolumlnescence_due to |nd|V|due_1I _
di/dV spectra inside the QD reveal a series of Coulomb blockade peaksiniected charges, itis possible to analyze the formation and recombination
which shift as a function of back gate voltage. In the plane defined by gate ~ Processes of single excitons and determine their characteristic time
voltage and sample bias, these peaks form Coulomb lines, whase is constants[3].

governed by the relative capacitances between the dot, tip, gate, and [1] P.Merino, C. GrBBe, A. Ro&wska, K. Kuhnke, K. Kern, , Nat. Commun.,

sample bias electrodes, and whose relative offsets reveal the addition 6, 8461, 2015.
spectrum of the quantum dot. A characteristic feature of the Coulomb [2] C. Grée, P. Merino, A. R@wska, O. Gunnarsson, K. Kuhnke, K. Kern
blockade in these systems is the prase of different families of charging ' ACS Nano. 11. 124237 2017. ' '

lines, one for each LL, which intersect each other and experience avoided .

crossings. The avoidance pattern of these anticrossings is novel: at the [3] A- Ro@wska, P. Merino, C. G3e, C. C. Leon, O. Gunnarsson, M
strongest fields, it somewhat resembles the predictions of simple nsoofel Etzkorn, K. Kuhnke, K. Kern, arXiv:1803.10088.
electrostaticallycoupled QDs, but at weaker fields it diverges very 5:.0opm NS+2D+AS+MN+PBA9 Microscopic Understanding of the
strikingly, and new modeling is needed to reproduce it. This avoidanceTemperaturedependent Carrier Transport in Ge NancCrystal s Films

pattern reflects the interaction of electrons in different LLs, occupying pan ShanYangzhou Polytechnic Institute, ChidaXuNanjing Universityy,
different parts of the QD, and is table via the magnetic field and gate china

voltage. By moving the STM tip, we can tune thedip capacitance, and
tunnel into different parts of the dot, enabling a full characterization of the
anticrossings in these novel electronic nanostructures.

Silicabased semiconductor naraystals have attracted much interest in
recent years due to their possible applications in many kinds of -nano
electronic and optoelectronialevices. Compared with Si, Ge has larger
4:00pm NS-2D+AS+MN+RThA6 Bulk and Surface Contribution to the electron and hole mobility. Furthermore, Ge has a narrower bgal and
Charge and Spin Transport in Topological Insulators Observed with a high phonon responsivity in the nearfrared region, so it is suited to many
FourProbe Scanning Tunneling Microscop#/onhee Ko G.D. Nguyen, nearinfrared applications. In order to further improve the dewic
Oak Ridge National Laboratorid. Kim, J.S. KinRohang University of performance, detailed knowledge of transport mechanisms across these
Science and Technology, Republic of KomsP. Li,Oak Ridge National nano-crystals becomes necessary and is considered indispensable.
Laboratory In this work, hydrogenated amorphous germanium films were prepared by
Topological insulators are fascinating materials for future electronics a plasma enhanced chemical vapor deposition teghei Ge nanarystals
because of its superior charge and spin transport characteristics stemmingGe NCs) films were obtained by thermal annealing thelegsited
from their topological nature. However, topological insulators izl in samples. Rype behavior in Ge NCs films without any external doping is
actual materials have both bulk and surface carriers, where the former attributed to the holes accumulation caused by accegike surface
significantly hampers the topological transport of the later. In this talk, we states. It can be found #t the dark conductivity and Hall mobility reach to
utilize fourprobe scanning tunneling microscope to investigate bulk and as high as 25.4 S/cm and 182%yfs in the Ge NCs film, which are much
surface contribution to lie charge and spin transport in btiksulating higher than the previously reported data. Carrier transport mechanisms of
topological insulator BTeSe. The relative contribution of bulk and surfface Ge NCs films were investigated by temperatdependent H#
was varied by changing temperature and transport area, which wasmeasurement. Three kinds of temperatudependent conductivity
measured by variable prokgpacing spectroscopy. The surface dwanit behaviors, which exhibit the linear relationships of the mersus ¥4, T2
regime was already reached at 82 K, where the sample exhibited superioand T, respectively, were observed in the temperature regions 6500
transport properties such as a large surface mobility and high spin
polarization. At this regime, the contact to external probes also transforms 1 NSTD Postdoc Finalist
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K. It can be confirmed that the thermal activation conduction in the for studying the chemicaproperties of organic thin films. In particular,
extended states dominated the carrier transport process above 300 K (300their reactions with atomic gas species such as hydrogen and oxygen yield
500 K). Below room temperature, the carrier isport process was important information about gasurface interactions in organic films, how
dominated by the percolatiofopping conduction at 9230 K and turned static and dynamic disorder influence passivation, asl vasl various

to Mott-VRH conduction when the temperature falling below 50 K5@0  hydrogenation and oxidation reactions. We are currently investigating the
K). reactions of these SAMs with atomic hydrogen (H), using an -aigleted
Furthermore, the different scattering mechanisms in carrier transport &0mic gas source anth situ ultra-high vacuum scanning tunneling
process were found indifferent temperature regions, which were Microscopy (UHBTM). Firsta series of alkanethiolate SAM samples of
evaluated via temperaturelependent Hall mobilities. In the low Varying chain length (8 to 11 carbon atoms long) were reacted with H,
temperature region (160 K), the carrier Hall mobility is almost resulting in the monolayefconversion from clospacked standingip
temperature independence >T9), revealing the neutral impurities' Phase to lower density lyindown phase. Regardless of chain length or
scattering mechaism dominated the carrier transport process. When €ver-/oddness, which were expected to impact the effectiveness of H
increasing the temperature (5090 K), the carrier transport properties penetration into the monolayer due to differences in the ché&llseral

were controlled by the grain boundary scattering mechanism, where the mobility and terminal structure, all samples exhibited common kinetic
carrier Hall mobility was increased with temperature and exhibithe mechanistic details. The relative reaction mtef different chain lengths

thermally activated behavior. However, the relationship T was were obtained using simultaneous dosing of multiple samples. Second, a
observed above room temperature (3BD0 K). It is suggested that the closepacked 1H,1_H,2H,2pbrﬂuorodecanethio| SAM ({:1 ﬂuor_inated analog
carrier transport is dominated by a superposition of grain boundary of the 1-decanethiol SAM) was reacted with H. Dosing this sample under

scattering and acoustic phonon scattegimwithin the high temperature ~ the same contlions as the idecanethiol sample revealed little to no
region. reactivity. Ongoing studies continue to explore the reactivity of this family

of saturated SAM systems including investigation of the kinetics and
mechanism of the lyingown phas@ reactivity with H. Further
investigations involving atomic oxygen and different SAM chemical

Surface Science Division compositions and structures will follow.

Room 203C Session SS+AS+BI+MI+N&\
. . 3:00pm SS+AS+BI+MI+NBIA3 Scan Probe Studies of Lithium Transfer
Organic/lnorganic Surfaces, Interfaces and Nanostructures inrough Solid State Electrochemical Interfacesanice ReutRobey

Moderator: Denis PotapenkdPrinceton University University of Maryland College Park INVITED
2:20pm SS+AS+BI+MI+NBIAL Investigation of tre Stability of Ag All solidstate electrical energy storage devices are of immense interest as
Monolayers on Au(111) as a Function of Metal Adatom DiffusichA. safer alternatives to those based upon flammable liquid electrolytes.

Phillips, L.K. Harville, H.R. Morgan, L.E. Jackson, G. LeBimndskj Understanding the ra@es and elementary processes fpr Iithium_ ion transport
through anodesolid electrolytecathode interfaces is essential, but
obscured by heterogeneous samples and unknown local potentials. | will
present new nanoscale studies of lithiation/delithiation across-defihed
interfaces created with actuated nanobattery junctions. Conventional STM
metallic tips, clad with a thin film of electrode material (LicoiCLi) and a
capping film of solid electrolyte {AkOs or Li0), function ad%cells. Probes
are positioned and electrochemically cycled at singular surfaces of model
electrodes; Si(111) Si(100), C(0001). At the nanoscale, hysteresis in
charging/discharging is monitored as a function of interface structure and
materials properties. UHV measurements preserve the chemical integrity of
the material interfaces and allow traditional (cycl@temmetry, stepped
potential) and nontraditional (stepped stress) electrochemical
measurements to separate electron/ion contributions to charge transfer.
The data reveal how induced variations in local lithium concentration
impact rates for charging/disenging and contribute to hysteretic
behavior. Further, stresaduced current transients show n@otrellian
time behavior, attributed to a lithium ion concentration gradient in the solid
electrolyte. Modeling of nanobattery data allows for testable prialis of
material properties. Finally we show how "inverted" Scanning Tunneling
Spectroscopy provides a useful tool to characterize the electrical band gap
of the tip 1/2 cell materials, while imaging reveals the distribution pattern
of lithium ions at thecycled electrode surfaces.

University of Tulsa
The formation of an atomically thin, Ag layer on a Au(111) surface has bee
shown to significantly alter the thermal properties of the underlying
substrate (1). A further exploration into the chemical mechanisms by which
these thin films are deposited reveals two different sources of Ag during
the formation of the monolayer. Ed¢rochemical Scanning Tunneling
Microscopy (E6STM) and Cyclic Voltammetry (CV) are used to probe the
in-situinterfaces of these metal systems as well as the adsorption of
molecules on metals. EETM is a unique technigue that, in addition to
providing docal probe of the atomic surface structure, also functions as a
3-electrode cell in which redox chemistry can be performed to understand
the chemical reactivity of the surface. Also, cyclic voltammograms (CVs) can
be generated to provide specific infornian regarding the nature of the
redox events occurring at the surface. The two sources of silver used for
the Underpotential Deposition (UPD) process on Au(111) result in
significantly different thermal stabilities of the surface. An important
question iswhether this stability can extend beyond thermal properties,
which will be probed using the assembly of amino acids on Ag/Au(111).
Using both E6STM and UH$TM (ultrahigh vacuum STM), it has been
shown that amino acids assist in the immobilization diudihg adatoms
on the surface and in the subsequent formation of metal islands (2). Since
the molecular deposition in both cases takes place at room temperature,
the current understanding is that the atoms on the surface are a function This work was supported as part of the Nanostructures for Electrical Energy

of the temperature éthe surface and are not pulled out of the surface Storage (NEES), an Energy Frontier Research Center funded by the U.S.
itself. Importantly, these systems provide a unique glimpse into metal ~ Department of Energy, Office of Science, Basic Energy Sciences under Award
surface diffusion and offer the ability to study the mass transport of metal numberDESC0001160.

atoms. This study focuses on how an application of ke Ag film on the
Au(111) will disrupt or assist in the metal adatom transport and whether
the known thermal stability can extend to other surface properties, thus
making the afforded stability more general. The interaction of the amino
acids with the Adilms deposited at the two different potentials and the
associated mass transport as measured by the size of metal islands on th
surface will shed light on the stabilities of the two types of Ag layers. The
ability to experimentally choose different suck properties based on
electrochemical parameters and solution composition during metal
deposition could lead to exciting new directions for thin film technologies.

4:00pm SS+AS+BI+MI+N®A6 Adsorption and Selassembly of
Halogenated Organic Molecules on the Si(1KBR 8-Ag SurfaceRenjie
Liu, Lakehead University, Canada. Fu, A.G. Moisseev, M.R. Rao, Y. Chen,
D.F. Peepichka, McGill University, CanagdaM.C. GallagherLakehead
eUniversity, Canada
Given potential applications in molecular electronics, organic thin films
continue to attract a great deal of scientific attention. Furthermore,
organicinorganic semiconductchybrids have been identified as a possible
platform for future devices. Generally such a device would require thin
) e films of functionalized organic molecules grown on silicon surfaces. To
(1) Iskiet al. Electrochimica Act2011), 56, 16521661. promote the growth of high quality films, the Si surface needs € b
(2) Iskiet al. submitted to Comunication Chemistry, May 2018. passivated. For example, the Si(1XB]® B-Ag surface has been shown to
be weakly interacting, allowing molecules to remain mobile and form well

2:40pm SS+AS+BI+MI+NSIA2 ChainLength Dependent Reactivity of .40 layers [1].

Thiolate SeHAssembled Monolayers with Atomic Gas Specideffrey . .
Sayler S. Brown, S.J. Siberiénjversity of Chicago In this work we compare the adsorption and sa$sembly of two

Thiolate seHassembled monolayers (SAMs) provide platforms for easily he;l)oge_nat_ed rprtlnll)e_lc_:ules domrgefold _symmetry_; 2’4I’6”S(4’_'|_08d.|9£;z]yl) h
customizable organic interfaces, making them an excellent model systeml’ Striazine ( ). and tribromotrioxaazatriangulene ( ) on the
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Si(111)K3R B-Ag surface. The self assembly of TIPT on HOPG and Au(1laycelerated temperatures and humidity conditions.[5] While there are
has been reported previously [2], and heteroatom forms of triangelare many device studies thaestablish DNTT and other related thienoacenes
of particular interest in molecular electronics [3]. for a variety of applications, detailed electronic and chemical structure
We find that both molecules display high mobility on t&-Ag surface. studies are lacking. _Electro_nt?bandi structure measur(_ements using a
With increasing molecular dose, TIPT forms supramolecular domaind!0Vel angleresolved timeof-flight electron spectrometer is ptarmed on
defined by a 2.0 nm by 1.8 nm rectangular cell. The sizesgmmetry of SGD'NTT,'and multiple hlghest _occup|ed molegular 0rb|ta|_s are resolved of
the unit cell provides strong evidence that a large fraction of the Varying widths. Modest dispersion of the frontier HOMO is observed, and
monomers do not undergo dealogenation, and that the dominant this result will t_)e dlsc_ussed in context of the charge carrier behavior of
interaction within the domains is intermolecular# hydrogerbonding. As ~ DNTT reported in the litature.

the coverage approaches one mongda, the film consists of [1]J. Ivanco et al., Adv. Mater. 15, 1812 (2003)

supramolecular domains of limited extent separated by regions_ of <_jisorder. [2] S. Krause et al., Org. Electron. 14, 584 (2013)

STM images at lower coverage reveal that molecular adsorption increases )

the defect density of the underlyin3-Ag layer. We believe that a small [3] W. Xie et al., Adv. Mater. 25, 3478 (2013)

fraction of the TIPT molecules dedinate on adsorption and that the [4] U. Zschieschang et al., Adv. Mater. 22, 982 (2010)

iodine subsequently reacts with the Ag overlayer. The increased defect [5] N. K. Z@ba et al., Org. Electron. 4574 (2017)

density limits the extent of the supramolecular domains on this surface.
5:00pm SS+AS+BI+MI+N®IA9 Surface Functionalization of Porous

ubstrates via Initiated Chemical Vapor Depositiddhristine ChengM.
upta,University of Southeralifornia

Porous materials are used in various applications including separation
membranes, papebased microfluidics, and flexible electronics. Tuning
surface properties of porous materials enhances the versatility of existing

In contrast, TBTANG exhibits leramge seHassemly of intact molecules.
The ordered structure is characterized by several closely packed rows og
molecules. Within the rows the repeating motif is tmmlecules linked
together by Br-Br interactions. With increasing coverage, & surface
remains unatécted and the self assembled layer extends over the entire

surface. materials, giving them nefunctions and applications. However, traditional
[1] Yokoyama, Tet al, J Chem Physi2, 204701 (2015). surface modification methods are typically solvématsed, which limits the
[2] Gatti, Ret al, J. Phys. Chem.1@8 2550%25516 (2014). range of substrates that can be coated. In this work, initiated chemical
[3] Nakatsuka, St al, Angewandte Chemi#29, 5165172 (2017). vapor deposition was used to continuously modify the stefaf large
areas of porous substrates in an-dtly vacuum process. A
superhydrophobic polymer was deposited onto a porous substrate and the
coating was characterized using contact angle goniometrgy X

4:20pm SS+AS+BI+MI+N®BA7 Electron Interactions with Alkanethiol photoelectron spectroscopy, and scanning electnaeroscopy to study
Selfassembled M0n0|ayers on Au(lll)od| GrzeskowiakUniversity at the UnlfOrmlty of the coating along the entirety of the substrate. The
AlbanySUNYC.A. Ventrice, JSUNY Polytechnic Institute superhyodrophobicty of the coated porous substrate is attributed to the

Selfassembled monolayers (SAMs) are often used for applications such as deposited polymer and the roughness of the substrate. Addition of a
molecular electronics, selective deposition, and various forms of surface Perfluorinated liquid tathe superhydrophobic porous substrate formed a
modification. Advanced lithography within the simnductor industry is slippery liquieinfused porous surface. A hydrophilic polymer was

adopting ever shorter wavelengths of light such that the interaction of ~deposited on top of the superhydrophobic polymer to demonstrate the
secondary electrons with the organic resist is becoming the primary facile stacking of polymer layers with different chemistries using this

mechanism for photénitiated electrochemical solubility changing process.

reactions. In order to suly the interaction of low energy electrons with 5:20pm SS+AS+BI+MI+NBAL0Atomic-Scale Understanding of Anatase

thin organ_ip films, measurements have been performed on electron Nanocatalyst ActivationWilliam DeBenedeti, E.S. Skibinski, M.A. Hines,
decomposition of alkanethiol molecules grown on Au(11l) substrates. cgmell University

SAMslahave been grqvx;n ;\//Iva %c.)t? sc;lutrl]on and vapor [IJhane medtilods. IThese Our ability to predict the chemical reactivity of nanocatalysts has been

gwno y(zrs a”zf‘ge into h OI 1S |n§ p as:s co‘mmor;]y re eged IO as ?/]Ing‘ stymied by our lack of atomiscale understanding of nanocatalyst surface
O:Nn an klstan Ing up. T ?hymr? OWQ phase 1s an ysC:sorv\el Iayefrt atls girycture. Specifically, do nanocatalyst surfaces addpilkterminated

only weakly Interacting with the substrate via Van der Waals forces. g cyyre or do they reconstruct to minimize their surface free energy,

Conversely, the standing up phase IS a clsenticd Species that IS more thereby lowering their chemical reactivity as observed in itigh

stroggly br? und to _the Eubstratel. VanoEs fsurfaced anfetaIyS|T techniques were vacuum? Furthermore, do nanocatalysts processed at higher temperature

used to characterize t € monolayers betore and after ee(_:tron EXPOSUTe. oy sintain their lowchemicalreactivity, reconstructed surfaces when used

Low energy electron diffraction (LEED) was used to determine the structure at low temperatures and under typical operating conditions?

of the SAM and the rate of decomposition. Temperature programmed ) ) ) ) '

desorption (TPD) in combination with mass spectrometry was used to  USINg anew technique for the growth of highly aligned anatase (001)

evaluate the thermal stability and bonding strength of the attached SAMs ~_nanocafalysts, we will show that soluti@ynthesized anatase is
and the decomposition products from electron exposure. terminated by a maolayer of fluorine, which acts as an atorsitale
protective coating against adventitious contamination. We will also show
4:40pm SS+AS+BI+MI+N$IA8 Measuring the Electronic Properties of that carboxylic acid solutions, the most common sfiiictionalization
Organic Single CrystalSujitra Pookpanratana E.G. Bittle, C.A. Hacker, chemistry, causes a spontaneous reorganization of a recaststiu
S.W. RobeyNational Institute of Standards and Technology (NI&I)  nanocatalyst, leading to a fiield increase in the number of reactive sites.
Ovsyannikov, E. Giangrisostomglmboltz-Zentrum Berlin, Germany This surface reorganization is not observed when carboxylic acids are dosed
Organic and moleculazased compounds have found commercial from the gas phase, indicating that experiments in uhlirgh vacuum
application in consumebased electronics. Organic semiconductors can be environments lead to trappé states that may not be relevant to
integrated onto device structures in different physical forms such as single  nanocatalysts in ambient condition&b initiocalculations show that
crystals, polycrstalline thinfilms, or amorphous thiffilms. The structural although the carboxylic acid termination is slightly less effective at
order of the molecular solid profoundly influences the electronic removing surface stress than the reconstructed surface, it is more effective
properties, that in turn controls important properties, such as the transport in lowering the surface free energy. These findings suggest that bulk
gap and binding energy of the highest occupied rooler orbital (HOMO) terminated metal oxide nanocatalysts may be common under ambient
[1, 2], that govern how an electronic device operates. Photoemission can operating environments, even after higamperature processing or if
play a vital role in illuminating these important electronic properties. While reactants are rinsed off.

there are numerous photoemission spectroscopic measurements of
organic semiconducts in thinfilm structures, far fewer attempts have
been made to determine thefundamenta electronic properties for
pristine organic single crystals.

Here, we present results of photoemission measurements for single
crystalline (SC) dinaphthothienothibpne (DNTT). DNTT is a small
moleculebased thienoacene and has demonstrated carrier mobilities
approaching 10 cM(V s) [3], is aistable [4] and durable against 1National Studen Award Finalist
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