Sunday Afternoon, November 9, 2014

Biomaterials Plenary Session
Room: 317 - Session BP+BI+AS-SuA

Biomaterials Plenary Session
Moderator: Morgan Alexander, The University of
Nottingham, UK, Ian Gilmore, National Physical Laboratory

3:00pm BP+BI+AS-SuAl Imaging Mass Spectrometry: Molecular
Mapping Beyond the Microscope, Richard Caprioli, Vanderbilt
University School of Medicine INVITED
MALDI Imaging MS produces molecular maps of peptides, proteins, lipids
and metabolites present in intact tissue sections. It employs desorption of
molecules by direct laser irradiation to map the location of specific
molecules from fresh frozen and formalin fixed tissue sections without the
need of target specific reagents such as antibodies. Molecular images of this
nature are produced in specific m/z (mass-to-charge) values, or ranges of
values, typically covering the MW range 200-100,000. We have also
developed a similar approach for the analysis of targeted areas of tissues by
integrating mass spectrometry and microscopy, termed histology-directed
molecular analysis, whereby only selected areas of cells in the tissue are
ablated and analyzed.

We have employed Imaging MS in studies of a variety of biologically and
medically relevant research projects. One area of special interest is the
molecular mapping of changes observed in diabetes in both a mouse model
and in the human disease. Major molecular alterations have been recorded
in advanced diabetic nephropathy. Other applications include
developmental studies of embryo implantation is mouse, renal cancers as
well as that in other organs, and neurodegenerative disease. Molecular
signatures have been identified that are differentially expressed in diseased
tissue compared to normal tissue and also in differentiating different stages
of disease. These signatures typically consist of 10-20 or more different
proteins and peptides, each identified using classical proteomics methods.
In addition, Imaging MS has been applied to drug targeting and metabolic
studies both in specific organs and also in intact whole animal sections
following drug administration.

This presentation will focus on recent technological advances both in
sample preparation and instrumental performance to achieve images at high
spatial resolution (1-10 microns) and at high speeds so that a typical sample
tissue once prepared can be imaged in just a few minutes. Finally, new
biocomputational approaches will be discussed that deals with the high data
dimensionality of Imaging MS and our implementation of ‘image fusion’ in
terms of predictive integration of MS images with microscopy and other
imaging modalities.

3:40pm  BP+BI+AS-SuA3  Nanotechnology Platforms for Triple
Negative Breast Cancer, Mauro Ferrari, Houston Methodist Research
Institute INVITED
The advent of novel engineering technologies affords unprecedented
advances toward long-elusive objectives of medical research. Individualized
medicine responds to the basic but generally unattainable questions of
diagnosing a pathology at its earliest stage, when therapy is most effective,
identifying the right therapy, reaching the right therapeutic target in the
body at the right time, and securing immediate feedback as for its efficacy
and undesired collateral effect. Individualized medicine appears to be a
credible general objective in cancer and other fields of medicine, owing to
the integration of classical disciplines of clinical medicine, methods of
molecular biology, and novel technology platforms.

Nanotechnologies are of great interest in the context of the drive toward
individualized medicine, and may prove to be the necessary catalyst for its
large-scale implementation. In this talk I will present several nanoporous-
silicon-based approaches for triple-negative breast cancer (TNBC). First,
nano-textured chips for proteomic and peptidomic content profiling of
biological fluid samples will be demonstrated for the identification of new
biomarkers of TNBC. Second, employing methods of Transport
Oncophysics, multistage vectors (MSV) will be shown to afford
unprecedented therapeutic results in animal models of TNBC with
pulmonary metastases, and to allow the in-vivo verification of novel
hypotheses about the fundamental driver mechanisms for TNBC. Methods
will also be shown to deliver combination therapeutics in exactly the same
optimal proportions in vivo as their preparation in the laboratory. Thirdly, a
nanochannel implant will be demonstrated, for the long-term release of
agents for the prevention of local recurrences of TNBC, with a reduction of
the concurrent loss of bone density.

It is hoped that these innovations will contribute to the fight against TNBC,
which encompass multiple varieties of breast cancer, including those that
arise from BRCA mutations, and which share the unfortunate reality of
being associated with much poorer prognosis that the breast cancers that are
responsive to estrogen therapy or Herceptin.

4:20pm BP+BI+AS-SuAS Nanotechnology in the Pharmaceutical
Sciences: From Lab to Industry, Martyn Davies, The University of
Nottingham and Molecular Profiles Ltd., UK INVITED
Surface and Interfacial phenomena influence the function and performance
of many pharmaceutical and biomedical systems. This presentation will
provide an insight into how the surface chemistry, morphology and
bioactivity of novel drug delivery systems and biomedical materials may be
probed at the nanoscale using a suite of complimentary advanced
biophysical analytical techniques. The potential of such techniques for high-
resolution imaging, the measurement of molecular and inter-particulate
forces, biorecognition events and determining interfacial chemical structure
will be explored for systems for gene delivery, inhalation therapy and tissue
engineering scaffolds. The talk will encourage a comprehensive approach
for the characterisation of complex pharmaceutical systems and will
highlight the recent developments in high throughput surface analysis that
provide an rapid screening strategy that has been shown to be valuable in
understanding biological interactions at tissue engineering scaffold
interfaces for stem cell applications. The successful translation of these
methodologies and technologies into the commercial field through the spin-
out Molecular Profiles Ltd will be discussed. The company has exploited
surface and interfacial techniques in pharmaceutical research and
development to help identify and resolve problems, in assisting in the
design of novel delivery systems and in helping to understand the in-life
performance of materials within complex pharmaceutical systems.

5:00pm BP+BI+AS-SuA7 Shape Control in DNA-Polymer
Nanoparticle Assembly and Gene Delivery, Hai-Quan Mao, Whiting
School of Engineering INVITED
One of the critical challenges for efficient non-viral gene delivery in vivo is
the ability to control the transport properties in biological milieu of DNA-
containing nanoparticles. Recently, nanoparticle shape has been identified
as an important factor determining these properties. However, until now it
has not been possible to control the shape of nanoparticles containing
packaged plasmid DNA. We have developed a new approach to achieve
effective shape control of nanocomplexes of plasmid DNA and
polyethylene glycol (PEG)—polycation copolymers. Specifically, we have
developed the experimental strategies to realize shape tunability from
spherical and rod-like to worm-like DNA/polymer nanoparticles through
variation of polymer structure and solvent polarity, and molecular dynamics
simulations aiming at identifying the key parameters modulating shape
control in DNA/polymer nanoparticle assembly. In addition, we have also
developed methods to characterize the composition and its distribution of
these complex nanoparticles. More importantly, we have demonstrated the
shape-dependent cellular update, transfection efficiency in vitro and in vivo.
These findings open up a new avenue for controlling the shape of DNA-
compacting nanoparticles and enhancing gene delivery efficiency. These
micelles may serve as virus-mimetic nanoparticles for elucidating the role
of shape in determining particle transport properties and bioactivities.

Sunday Afternoon, November 9, 2014



Monday Morning, November 10, 2014

2D Materials Focus Topic
Room: 310 - Session 2D+EM+NS+PS+SS+TF-MoM

2D Materials Growth and Processing
Moderator: Thomas Greber, University of Zurich

8:20am  2D+EM+NS+PS+SS+TF-MoM1 Exploring the Flatlands:
Synthesis, Characterization and Engineering of Two-Dimensional
Materials, Jun Lou, Rice University INVITED
In this talk, we report the controlled vapor phase synthesis of MoS, atomic
layers and elucidate a fundamental mechanism for the nucleation, growth,
and grain boundary formation in its crystalline monolayers. The atomic
structure and morphology of the grains and their boundaries in the
polycrystalline molybdenum disulfide atomic layers are examined and first-
principles calculations are applied to investigate their energy landscape. The
electrical properties of the atomic layers are examined and the role of grain
boundaries is evaluated. More importantly, if precise two-dimensional
domains of graphene, h-BN and MoS, atomic layers can be seamlessly
stitched together, in-plane heterostructures with interesting electronic
applications could potentially be created. Here, we show that planar
graphene/h-BN heterostructures can be formed by growing graphene in
lithographically-patterned h-BN atomic layers. Our approach can create
periodic arrangements of domains with size that ranging from tens of
nanometers to millimeters. The resulting graphene/h-BN atomic layers can
be peeled off from their growth substrate and transferred to various
platforms including flexible substrate. Finally, we demonstrate how self-
assembled monolayers with a variety of end termination chemistries can be
utilized to tailor the physical properties of single-crystalline MoS, atomic-
layers. Our data suggests that combined interface-related effects of charge
transfer, built-in molecular polarities, varied densities of defects, and
remote interfacial phonons strongly modify the electrical and optical
properties of MoS,, illustrating an engineering approach for local and
universal property modulations in two-dimensional atomic-layers.

9:00am  2D+EM+NS+PS+SS+TF-MoM3  Influence of Substrate
Orientation on the Growth of Graphene on Cu Single Crystals, Tyler
Mowill, University at Albany-SUNY, Z.R. Robinson, U.S. Naval Research
Laboratory, P. Tyagi, E.W. Ong, C.A. Ventrice, Jr., University at Albany-
SUNY

A systematic study of graphene growth on on-axis Cu(100) and Cu(111)
single crystals oriented within 0.1° from the surface normal and a vicinal
Cu(111) crystal oriented 5° off-axis has been performed. Initial attempts to
grow graphene by heating each crystal to 900°C in UHV, followed by
backfilling the chamber with C,H, at pressures up to 5x10° Torr did not
result in graphene formation on either the on-axis Cu(100) or on-axis
Cu(111) surfaces. For the vicinal Cu(111) surface, epitaxial graphene was
formed under the same growth conditions. By backfilling the chamber with
C,H,4 before heating to the growth temperature, epitaxial graphene was
formed on both the on-axis Cu(100) and off-axis Cu(111) surfaces, but not
the on-axis Cu(111) surface. By using an argon overpressure, epitaxial
overlayers could be achieved on all three Cu substrates. These results
indicate that the most catalytically active sites for the dissociation of
ethylene are the step edges, followed by the Cu(100) terraces sites and the
Cu(111) terrace sites. The need for an argon overpressure to form graphene
the on-axis Cu(111) surface indicates that the Cu sublimation rate is higher
than the graphene growth rate for this surface. This research was supported
in part by the NSF (DMR-1006411).

9:20am 2D+EM+NS+PS+SS+TF-MoM4 Synthesis of Large Scale
MoS,-Graphene Heterostructures, Kathleen McCreary, A.T. Hanbicki, J.
Robinson, B.T. Jonker, Naval Research Laboratory

A rapidly progressing field involves the stacking of multiple two-
dimensional materials to form heterostructures. These heterosctructures
have exhibited unique and interesting properties. For the most part,
heterostructure devices are produced via mechanical exfoliation requiring
the careful aligning and stacking of the individual 2D layered components.
This tedious and time consuming process typically limits lateral dimensions
to micron-scale devices. Chemical vapor deposition (CVD) has proven to be
a useful tool in the production of graphene and has very recently been
investigated as a means for the growth of other 2D materials such as MoS,,
MoSe,, WS,, WSe, and hexagonal boron nitride. Using a two-step CVD
process we are able to synthesize MoS, on CVD grown graphene. AFM,
Raman spectroscopy, and Photoluminescence spectroscopy of the MoS,-
graphene heterostructure show a uniform and continuous film on the cm
scale.
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9:40am 2D+EM+NS+PS+SS+TF-MoMS5 Growth of 2D MoS; Films by
Magnetron Sputtering, Andrey Voevodin, Air Force Research Laboratory,
C. Muratore, University of Dayton, JJ. Hu, Air Force Research
Laboratory/UDRI, B. Wang, M.A. Haque, Pennsylvania State University,
J.E. Bultman, M.L. Jesperson, Air Force Research Laboratory/UDRI, P.J.
Shamberger, Texas A&M University, R. Stevenson, Air Force Research
Laboratory, A. Waite, Air Force Research Laboratory/UTC, M.E.
McConney, R. Smith, Air Force Research Laboratory

Growth of two dimensional (2D) MoS2 and similar materials over large
areas is a critical pre-requisite for seamless integration of next-generation
van der Waals heterostructures into novel devices. Typical preparation
approaches with chemical or mechanical exfoliation lack scalability and
uniformity over appreciable areas (>1 mm) and chemical vapor deposition
processes require high substrate temperatures. We developed few-layer
MoS, growth under non-equilibrium magnetron sputtering conditions
selected to minimize the MoS, nucleation density and maximize 2D growth
of individual crystals [1]. In this process, the thermodynamically driven
tendency to form islands is accomplished by maximizing atomic mobility
through the control of incident flux kinetic energies, densities, and arriving
angle to the substrate while avoiding defect formation (i.e., vacancy
creation by sputtering of S atoms). Amorphous SiO,, crystalline (0001)
oriented Al,Os, and (002) oriented graphite substrates were used to grow
few monolayer thick MoS, films. Continuous 2D MoS, films were
produced over 4 cm® areas. They were composed of nano-scale domains
with strong chemical binding between domain boundaries, allowing lift-off
from the substrate and electronic transport measurements with contact
separation on the order of centimeters. Their characteristics were similar to
few-layer MoS, films produced by exfoliation with a direct band gap in thin
samples of approximately 1.9 eV from photoluminescense spectra. The
electron mobility measured for as-grown MoS; films was very strongly
dependent on film thickness and substrate choice.

[1] “Continuous ultra-thin MoS2 films grown by low-temperature physical
vapor deposition”, C. Muratore, J.J. Hu, B. Wang, M.A. Haque, J.E.
Bultman, M. L. Jesperson, P.J. Shamberger, A.A. Voevodin, Applied
Physics Letters (2014) in press.

10:00am 2D+EM+NS+PS+SS+TF-MoM6 Formation of Graphene on
the C-face of SiC{0001}: Experiment and Theory, Jun Li, G. He, M.
Widom, R.M. Feenstra, Carnegie Mellon University

There are two {0001} surfaces of SiC, the (0001) surface known as the “Si-
face”, and the (000-1) surface or “C-face”. The formation of graphene (by
heating the SiC to 1100 — 1600 ° C in various gaseous environments) has
been studied for both surfaces, although it is much better understood on the
Si-face. In that case, an intermediate C-rich layer, or “buffer layer” forms
between the graphene and the SiC crystal. This buffer layer has 6v3x63-
R30° symmetry; its structure is well established,’ and it acts as a template
for the formation of subsequent graphene layers. In contrast, graphene
formation on the C-face is much less well understood. More than one
interface structure between the graphene and the SiC has been observed, >’
and, with one notable exception,” the quality of the graphene formed on the
C-face is generally lower than that for the Si-face.

In this work we provide new experimental and theoretical results that allow
us to understand graphene formation on the C-face of SiC. Experimentally,
by heating the SiC in a disilane environment, we map out the phase diagram
of different surface and interface structures that form on the SiC as a
function of disilane pressure and sample temperature. New surface
structures that develop just prior to the graphene formation are observed.
With additional heating, graphene forms on the surface, but some remnant
of the surface structure prior to the graphene formation is believed to persist
at the graphene/SiC interface. From first-principles theory, we find that the
hydrogen in the disilane environment plays a critical role in the
surface/interface structures that form. Experimentally, for disilane pressures
below 5x10° Torr, we find a 2x2 surface structure forming prior to
graphene formation. From theory we identify this structure as consisting of
a silicon adatom together with a carbon restatom on the surface, with H-
termination of those atoms being possible but not necessary. At higher
disilane pressures we observe a 4x4 structure, and we identify that as
consisting of a lower density of Si adatoms than the 2x2, now with at least
some of the adatoms and restatoms being H-terminated. With graphene
formation, this structure converts to the observed V43xV43-R+ 7.6°
interface structure. At higher disilane pressures we theoretically predict the
formation of a surface consisting simply of H-terminated carbon restatoms.
Experiments are underway to observe that surface, along with subsequent
graphene formation on the surface.

(1) Y. Qi et al., PRL 105, 085502 (2010).



(2) F. Hiebel et al., PRB 78, 153412 (2008).
(3) N. Srivastava et al., PRB 85, 041404 (2012).
(4) W. A. de Heer et al., PNAS 108, 16900 (2011).

10:40am  2D+EM+NS+PS+SS+TF-MoM8 Graphene on Hexagonal
Boron Nitride Heterostacks Grown by UHV-CVD on Metal Surfaces,
Juerg Osterwalder, S. Roth, A. Hemmi, University of Zurich, Switzerland,
F. Matsui, Nara Institute of Science and Technology, Japan, T. Greber,
University of Zurich, Switzerland INVITED
Chemical vapor deposition (CVD) performed under ultra-high vacuum
conditions on single-crystal metal surfaces enables the growth of large-area
and high-quality graphene and hexagonal boron nitride (h-BN) single
layers. We explore the CVD parameter space of precursor pressure and
temperature in order to go beyond the self-saturating single-layer growth, or
to grow heterostacks of the two materials. Formed layers are characterized
structurally by LEED, STM and x-ray photoelectron diffraction. On
Cu(111) a graphene layer could be grown on a pre-deposited single layer of
h-BN when using 3-pentanone as a precursor at a pressure of 2.2 mbar and a
substrate temperature of 1100 K [1]. On Rh(111) the same procedure leads
to incorporation of carbon into the metal surface layers, while a graphene
layer is formed only upon a second high-pressure dose [2]. In both cases the
heterostructures show clearly the stacking sequence and structural and
ARPES signatures of graphene on h-BN but are far from defect-free.

[1]S. Roth et al., Nano Lett. 13, 2668 (2013).

[2] S. Roth, PhD Thesis, Department of Physics, University of Zurich
(2013).

11:20am  2D+EM+NS+PS+SS+TF-MoM10 Kinetics of Monolayer
Graphene Growth by Carbon Segregation on Pd(111), Abbas
Ebnonnasir, H.S. Mok, Y. Murata, University of California at Los Angeles,
S. Nie, K.F. McCarty, Sandia National Laboratories, C.V. Ciobanu,
Colorado School of Mines, S. Kodambaka, University of California at Los
Angeles

In this research, using in situ low-energy electron microscopy and density
functional theory calculations, we elucidate the growth kinetics of
monolayer graphene on single-crystalline Pd(111). In our experiments,
carbon saturated Pd(111) samples were cooled down from 900 °C to
segregate carbon on the surface in the form of graphene. Upon cooling the
substrate, graphene nucleation begins on bare Pd surface and continues to
occur during graphene growth. Measurements of graphene growth rates and
Pd surface work functions along with DFT calculations establish that this
continued nucleation is due to increasing C adatom concentration on the Pd
surface with time. We attribute this anomalous phenomenon to a large
barrier for attachment of C adatoms to graphene coupled with a strong
binding of the non-graphitic C to the Pd surface.

Actinides and Rare Earths Focus Topic
Room: 301 - Session AC+AS+MI+SA+SS-MoM

Spectroscopy, Microscopy and Dichroism of Actinides
and Rare Earths

Moderator: David Shuh, Lawrence Berkeley National
Laboratory

8:20am AC+AS+MI+SA+SS-MoM1 Novel Synthetic and
Spectroscopic Techniques in Actinide Materials Chemistry, Stefan
Minasian, Lawrence Berkeley National Laboratory, E. Batista, Los Alamos
National Laboratory, C.H. Booth, Lawrence Berkeley National Laboratory,
D. Clark, Los Alamos National Laboratory, J. Keith, Colgate University, W.
Lukens, Lawrence Berkeley National Laboratory, S. Kozimor, R.L. Martin,
Los Alamos National Laboratory, D. Nordlund, SLAC National Accelerator
Laboratory, D. Shuh, T. Tyliszczak, Lawrence Berkeley National
Laboratory, D. Sokaras, SLAC National Accelerator Laboratory, X.-D.
Weng, Los Alamos National Laboratory, 7.-C. Weng, SLAC National
Accelerator Laboratory INVITED
The development of a detailed, quantitative understanding of electronic
structure and bonding for a broad range actinide materials remains a
significant scientific challenge. Recent advances have shown that the Is to
np transition intensities measured by Cl and S K-edge X-ray absorption
spectroscopy (XAS) directly relate to coefficients of covalent orbital mixing
in M—Cl and M-S bonds. The scientific progress associated with these Cl
and S XAS studies suggests that using synchrotron-generated radiation to
quantify covalency for ligands beyond CI and S would have a wide impact.
The nature of chemical bonds between actinides and light atoms such as
oxygen, nitrogen, and carbon is of particular interest because these

interactions control the physics and chemistry of many technologically
important processes in nuclear science. However, obtaining accurate light
atom K-edge XAS spectra on non-conducting compounds is notoriously
difficult, because the measurement is highly sensitive to surface
contamination, self-absorption, and saturation effects. Fortunately, recent
upgrades at synchrotron facilities, advancements in beamline
instrumentation, and sample preparation methods suggest that these insights
are now within reach. Specifically, comparing XAS spectra measured in
transmission with a scanning transmission X-ray microscope (STXM) with
those from non-resonant inelastic X-ray scattering (NIXS) and time-
dependent density functional theory provides a sound basis for validation of
bulk-like excitation spectra.

Herein, a new effort is discussed that employs these techniques to
understand bonding interactions in two well defined series of f-element
materials. The actinide sandwich complexes, “actinocenes,” (CsHs),An (An
= Th, Pa, U, Np, Pu) have played a central role in the development of
organoactinide chemistry. Results showed two contrasting trends in
actinide—carbon orbital mixing, and evidence that covalency does not
increase uniformly as the actinide series is traversed. Additionally, the C K-
edge XAS spectrum of thorocene represents the first experimental evidence
of a ¢-type orbital interaction. Oxygen K-edge XAS measurements and
DEFT studies began the lanthanide dioxides LnO, (Ln = Ce, Pr, Tb), because
their electronic structures are well-established from hard X-ray
spectroscopies. Preliminary efforts to use lanthanide oxides and lanthanide
organometallics as  experimental benchmarks for  quantitative
determinations of covalency in d-block and f-block materials will also be
discussed.

9:00am AC+AS+MI+SA+SS-MoM3 X-ray Magnetic Circular
Dichroism of Actinides, Andrei Rogalev, F. Wilhelm, European
Synchrotron Radiation Facility (ESRF), France INVITED
Actinides compounds, which are straddling the magnetic properties of rare-
earths and transition metals, have been the subject of increasing interest due
to their very different properties, such as Pauli paramagnets, localized and
itinerant ferromagnets, and heavy fermion superconductors. The key
parameter responsible for the large variety of magnetic properties is
obviously degree of localization of the 5f states which are indeed involved
in both the chemical bonding and the magnetism. To unravel the details of
the electronic structure and magnetic properties of these S5f states,
polarization dependent X-ray spectroscopy at the My s edges appears as the
most suitable experimental tools. At the third generation synchrotron
radiation facilities, small x-ray beam with flexible polarization sized down
to few microns can be routinely achieved. This technique is thus perfectly
suited for studying minute samples (a few micrograms) of transuranium
materials. This talk reviews recent advances in use of polarized x-rays to
study local magnetic properties and electronic structure of actinides
compounds.

The magnetic properties are mostly studied with X-ray Magnetic Circular
Dichroism (XMCD). The great advantage of this technique is its capability
to probe the orbital and spin magnetization of 5f states separately. XMCD
experiments have been reported for a great number of uranium compounds
and have permitted to understand, at least qualitatively, which is the ground
state despite the difficulty over assigning a valency. It has also revealed
differences between localized and itinerant systems that are not yet fully
understood. To our knowledge there are very few reports on XMCD
measurements on other trans-uranium materials. This is unfortunate, as the
questions of localization of 5/ states become more interesting as the 5/ count
increases. In order to improve our understanding of the magnetism of
actinides, which is based up to now solely on uranium compounds, and thus
better to describe the differences between localized and itinerant 5f'systems,
we report a thorough XMCD study of a series of ferromagnetic AnFe,
Laves-phase compounds. Moreover, we show that additional information
regarding exchange interaction between neighboring actinides atoms can be
extracted from the XMCD measurements performed at absorption edges of
other "nonmagnetic" atoms in the compounds.

Finally, we demonstrate that the study of the branching ratio in Myjs
absorption spectra can bring valuable information regarding the coupling
scheme, within which to discuss the electronic and magnetic properties of
actinides atoms.

9:40am AC+AS+MI+SA+SS-MoM5 Magnetic Circular Dichroism
Measured with Transmission Electron Microscope, Jan Rusz, Uppsala
University, Sweden INVITED
X-ray magnetic circular dichroism (XMCD; [1]) is an established
experimental probe of atom-specific magnetic properties of lanthanides and
actinides. In XMCD, a photon of well-defined energy and polarization is
absorbed by an atom in the sample with a probability that is proportional to
the number available unoccupied states with an energy that allows fulfilling
the energy conservation and selection rules. An essential element of XMCD
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are so called sum rules [2,3], which relate the XMCD spectra to the spin
and orbital angular momenta, respectively.

Recently, a new experimental method has been developed that is closely
related to XMCD. It was named electron magnetic circular (or chiral)
dichroism (EMCD) and it is measured with a transmission electron
microscope (TEM) instead of a synchrotron beam-line. We will review the
short history of this method starting from its proposal in 2003 [4], first
experimental proof-of-the-concept in 2006 [5], formulation of the theory [6]
and sum rules [7,8] in 2007 to the present state-of-the-art and early
applications, for example [9-12]. Yet, despite intense efforts, EMCD is still
in its development phase, particularly from the point of view of quantitative
studies. On the other hand, qualitative EMCD experiments have reached
resolutions below 2nm [13].

The primary advantages of the EMCD, when compared to XMCD, are
costs, availability and lateral resolution. Even a state-of-the-art TEM is a
device considerably cheaper than a synchrotron beam-line and as such it can
be available locally to a research group. TEM is also a very versatile
instrument that combines diffraction experiments, elemental analysis, local
electronic structure studies via electron energy loss spectroscopy [14] and
now also magnetism via EMCD.

1]J. L. Erskine, E. A. Stern, Phys. Rev. B 12, 5016 (1975).

2] B. T. Thole et al., Phys. Rev. Lett. 68, 1943 (1992).

3] P. Carra et al., Phys. Rev. Lett. 70, 694 (1993).

4] C. Hebert, P. Schattschneider, Ultramicroscopy 96, 463 (2003).
5] P. Schattschneider et al., Nature 441, 486 (2006).

[

(2]

(3]

(4]

(3]

[6] J. Rusz, S. Rubino, and P. Schattschneider, Phys. Rev. B 75, 214425
(2007).

[7]J. Rusz et al., Phys. Rev. B 76, 060408(R) (2007).
[8] L. Calmels et al., Phys. Rev. B 76, 060409(R) (2007).

[9] S. Muto et al., Nature Comm. 5, 3138 (2013).

[10] Z. H. Zhang et al., Nature Nanotech. 4, 523 (2009).

[11] Z.Q. Wang et al., Nature Comm. 4, 1395 (2013).

[12] J. Verbeeck et al., Nature 467, 301 (2010).

[13] P. Schattschneider et al., Phys. Rev. B 78, 104413 (2008).

[

14] K. T. Moore and G. v.d. Laan, Rev. Mod. Phys. 81, 235 (2009).

10:40am AC+AS+MI+SA+SS-MoM8 The Microstructure of
Plutonium Hydride Growth Sites, Martin Brierley, J.P. Knowles, AWE,
UK, M. Preuss, A.H. Sherry, University of Manchester, UK

Under certain conditions plutonium is able to form plutonium hydride
during long term storage [1]. Plutonium is radioactive, decaying via release
of an alpha particle. Alpha particles are particularly damaging within the
body and every attempt should be made to limit the distribution of loose
material. Plutonium hydrides have been shown to be pyrophoric when
exposed to oxygen; a reaction that could potentially liberate loose
particulate outside of suitable containment.

Previous work into the hydriding rate of plutonium has investigated the
reaction rate of various hydrides on the surface of these materials;
specifically the nucleation rate, the lateral growth rate and the specific
hydriding rate [2, 3]. Plutonium is a reactive metal and quickly forms a
semi-protective oxide layer in air. Upon exposure of an oxide-covered
sample to hydrogen, hydride is formed at discrete sites on the surface,
which then grow radially across the surface [1]. Recent work has suggested
a grain boundary enhanced growth rate [4].

In the present study, the microstructure associated with selected plutonium
hydride growth sites was studied to provide information regarding the
nucleation and growth mechanisms that govern the formation of plutonium-
hydride. The samples were ground to 600 grit and evacuated before being
exposed to ultra-pure hydrogen at pressures between 10 mbar and 1000
mbar for sufficient time to have nucleated a number of hydride sites.

Post-test analysis was performed using Scanning Electron Microscopy
(SEM) and Optical Microscopy (OM) to determine the microstructure of the
hydride growth sites. The morphology of individual hydride growth sites
indicates that the hydride-metal interface has a highly discontinuous
boundary, resulting from enhanced grain boundary diffusion and spears of
transformed material; the microstructure within the plutonium hydride
growth sites indicates that a preferred growth habit was adopted by the
hydride product.

References
[1]J.M. Haschke and J.C. Martz, Los Alamos Science, 26 (2000) 266-267

[2] G. W. McGillivray, J. P. Knowles, I. M. Findlay, M. J. Dawes, J. Nucl.
Mater. 385 (2009) 212-215.
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[3] C. Kenney, R. Harker “Specific Hydriding Rates of & -Plutonium”,
Presentation at Pu Futures, Keystone Colorado (2010)

[4] C.K. Saw, J.M. Haschke, P.G. Allen, W. Mclean II, L.N. Dinh, J. Nucl.
Mater. 429 (2012) 128-135

11:00am AC+AS+MI+SA+SS-MoM9 Hydrides of U-Mo and U-Zr
Alloys: Structure and Electronic Properties, Ladislav Havela, M.
Paukov, I. Tkach, D. Drozdenko, M. Cieslar, Z. Matej, Charles University,
Czech Republic

When U metal (a-U) is exposed to H gas, it forms a stable hydride $-UH;.
The lattice expansion stabilizes the ferromagnetic order with the Curie
temperature around 170 K. The metastable form, a-UHs, could not be
synthesized as a pure phase, and the admixture of B-UH; did not allow to
determine reliably its intrinsic magnetic properties. We have been testing
the reaction to H exposure of y-U (bcc), which was synthesized as a single
phase by combination of Mo or Zr doping into U and ultrafast cooling. We
found that such alloys need high H, pressure and long exposure to absorb
hydrogen. The products can be characterized by the formula UH;Mo(Zr),.
The hydrides with Mo have a structure corresponding to $-UH; with grain
size around 1 nm, i.e. almost amorphous. Its ordering temperatures increase
to 200 K for UH;Mog 5 and then decrease for higher Mo concentrations.
The hydrides UH;Zr, exhibit the UHj; structure (bec U lattice filled with H
atoms). Their Curie temperature weakly decreases with increasing Zr
concentration and the extrapolation to Zr-free state indicates 7c = 170 K,
i.e. identical to B-UH;. The results can be compared with numerous
hydrides obtained by hydrogenation of UgX compounds (X = Mn, Fe, Co,
Ni), all probably having similar magnetic properties. We present a detailed
study of magnetic properties, electrical resistivity and specific heat. The
structure characterization of initial alloys and the hydrides has been done by
means of XRD, SEM with EBSD and TEM. The hydrides represent and
new class of U materials, which exhibit, irrespective of details of
composition or crystal structure, strong ferromagnetism with relatively very
high ordering temperatures, quite surprising at materials at which the inter-
U spacing does not exceed appreciably the Hill limit 340-360 pm. At last,
the variations using double doping (both Mo and Zr) will be presented.

11:20am  AC+AS+MI+SA+SS-MoM10 Unraveling the Mystery of
Reactively-Sputtered UO(4+x), David Allred, R.S. Turley, B.S. McKeon,
A. Diwan, E.A. Scott, R.R. Vanfleet, Brigham Young University

We recently found EDX and XPS evidence in reactive sputtered uranium
oxide thin films of higher oxygen-to-uranium ratios than the 3-to-1 allowed
by stoichiometry. We used reactive, DC-magnetron sputtering in 100%
oxygen to prepare uranium-oxide thin films on silicon wafer with the
highest possible oxygen content to investigate this. Both EDX & XPS
showed that the ratio of oxygen-to-uranium in freshly samples was at least
4-to-1, with compositions approached 5 to 1. The potential explanations are
uranates or peroxides. Detecting hydrogen- and an element difficult to
detect in thin films-is crucial in understanding what is happening
chemically. Uranates require cations. The only one possible in our films
would be hydrogen. Similarly, bulk uranium peroxides without water/
hydrogen peroxide of hydration are not known. (We have found evidence of
uranium trioxide being weekly hygroscopic and stored samples in a dry
environment, nonetheless these samples show high oxygen contents as
prepared.) We report our chemistry and structural (TEM and XRD) attempts
to solve this mystery. We also report are measurement of extreme
ultraviolet reflectance of this material. (ALS-beamline 6.3.2)

11:40am  AC+AS+MI+SA+SS-MoM11  Cathodoluminescence and
Band Gap Studies of Single Crystal U,Th,,0, (x = 0.00, 0.01, 0.22),
David Turner, Oak Ridge Institute for Science and Education, J. Reding, R.
Hengehold, T. Kelly, Air Force Institute of Technology, J.M. Mann, Air
Force Research Laboratory, J. Kolis, Clemson University, J. Petrosky, Air
Force Institute of Technology

Analyses of depth- and temperature-resolved cathodoluminescence
experimental techniques have identified many previously unobserved
spectral characteristics in U,Th;.O, compounds grown using a slow growth
hydrothermal method. Three U,Th;O, (x = 0.00, 0.01, 0.22)
hydrothermally ~ grown, single crystals were examined using
cathodoluminescence. Unique luminescence features were identified as a
function of uranium concentration. In the undoped and x = 0.01 U,Th; O,
an electronic phase transition is observed as a 20 nm (0.21 eV) red-shift in
the wavelength of maximum emission. This red-shift appears when the
crystals are heated during both 5 and 10 keV electron beam irradiation.
Conversely, a similar phase transition is not observed in the U,Th,;.,O, alloy
(x = 0.22). Instead, the wavelength of maximum emission remains constant
at 305 nm (4.07 eV). Ultimately, the addition of uranium to the ThO, lattice
increases the band gap of the material which is identified as a 10 nm (0.13
eV) blue shift if the luminescence. Finally, a quadrupole transition is



observed in the uranium-containing crystals (O 2p to U 5f) at approximately
600 nm (2.07 eV).
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Quantitative Surface Analysis
Moderator: James A. (Tony) Ohlhausen, Sandia National
Laboratories, William Stickle, Hewlett Packard

8:20am  AS+MC-MoM1 Automating Multi-Technique Surface
Analyses for Materials Characterisation, Andrew Wright, P. Mack, T.S.
Nunney, A. Bushell, A. Yeadon, Thermo Fisher Scientific, UK

X-ray photoelectron spectroscopy (XPS) is a well-established technique that
has become a cornerstone of surface analysis due to the wealth of chemical
bonding information that it provides. Many other surface sensitive
techniques exist, of course, and often can be found on the same
instrumentation. Ultraviolet photoelectron spectroscopy (UPS) provides
detailed valence electronic structure information. Reflection electron energy
loss spectroscopy (REELS) can yield hydrogen quantification, shake-up
transition and band gap information. Ion scattering spectroscopy (ISS)
offers the most surface-sensitive probe of composition. Auger electron
spectroscopy (AES) offers chemical information with high spatial
resolution. In addition, monatomic and cluster ion beams can be used in
concert with these methods for cleaning or depth profiling.

The various techniques can each provide important information in isolation,
but the real power of surface analysis comes from combining these analyses
of a sample and correlating the information to provide a more thorough
characterisation of the material. Traditionally, however, switching between
techniques has been difficult or laborious, and this has tended to deter
analysts from performing multitechnique studies. Improvements to
automation and usability are vital for bringing the less-used methods into
common practice.

This paper presents several multitechnique surface analyses of samples in a
single instrument (the Thermo Scientific Escalab250Xi) , showing how
automated, sequential applications of these complementary chemical,
electronic and structural characterisation methods can be applied to
polymeric, catalyst, photovoltaic and semiconductor materials, yielding
valuable results with minimal effort.

8:40am AS+MC-MoM2 The S’ component in the Si 2p X-ray
Photoemission Spectrum of Si [001], Alberto Herrera-Gomez,
CINVESTAV-Queretaro, Mexico, M.O. Vazquez-Lepe, Universidad de
Guadalajara, Mexico, P.G. Mani-Gonzalez, Universidad Auténoma de
Ciudad Juarez, Mexico, O. Ceballos-Sanchez, CINVESTAV-Queretaro,
Mexico

Because of the technological relevance of the Si [001] surface, the Si 2p is
one of the most studied core levels with laboratory X-Ray Photoelectron
Spectroscopy (XPS). An important application is the quantification of the
thickness of oxide layer, which is done by comparing the intensity of the
substrate and Si** components. Peak-fitting is usually done by employing
one doublet for the substrate and another for the Si*" shifted around 3.5 or 4
eV to higher binding energy (from the substrate). In detailed studies, the
quantification of the suboxides is usually done employing components,
originally proposed by Himpsel et al.,' with the following shifts: 2.5 eV for
Si**, 1.75 eV for Si**, and 0.95 eV for Si'*. A proper fit, besides those five
components, actually requires a six component shifted by approximately 0.3
eV. This peak has been clearly identified in various synchrotron studies
such as that by Landemark et al.,” where it is referred as S’. In that study,
and in others, it is assigned to one monolayer (the second) of the substrate.
Although clearly present in Si 2p spectra obtained with laboratory XPS
equipped with monochromatized Al Ka radiation, this component is largely
unspoken in the literature. In one of the few studies that mention its
existence it is assigned to an asymmetry of the bulk peak.’ In this
presentation it is going to be shown that this interpretation is inconsistent
with the angular dependence observed by S°. The physical origin of S’,
which is going to be discussed in detail, goes in a direction compatible with
that proposed by Landemark et al.: although it represents one monolayer for
the clean Si [001] surface, for oxide-covered surfaces it corresponds to a
few monolayers of the substrate.

[17 F. J. Himpsel, F. R. McFeely, A. Taleb-Ibrahimi, and J. A. Yarmoff,
Phys. Rev. B 38, 6084 (1998).

[2] E. Landemark, C. J. Karlsson, Y.-C. Chao, and R. I. G. Uhrberg, Phys.
Rev. Lett. 60, 1588 (1992).

[3] D. F. Mitchell, K. B. Clark, J. A. Bardwell, W. N. Lennard, G. R.
Massoumi and 1. V. Mitchell. Surf. Inter. Anal. 21. 44-50 (1994).

9:00am AS+MC-MoM3 Quantitative Analysis of Nanostructured
Surfaces by means of X-ray Photoelectron Spectroscopy: Theory and
Applications, Wolfgang Werner, Vienna University of Technology,
Austria INVITED
The theory of signal emission in electron spectroscopy is discussed on the
basis of the so-called Landau-Goudsmit-Saunderson (LGS) loss function,
which leads in a natural way to rigorous spectrum analysis techniques, the
so--called partial intensity analysis (PIA). Examples of applications include
theoretical calculation of model spectra as well as analysis of experimental
spectra using of X-ray Photoelectron Spectroscopy (XPS) and Reflection
Electron Energy Loss Spectroscopy on nanostructured surfaces [1], the
contribution of in-vacuo electron scattering to electron spectra [2] and
secondary electron—electron energy loss coincidence spectroscopy
(SE2ELCS) [3]. In the latter technique correlated electron pairs are analysed
and detected, thereby giving unique insight into the dielectric properties of a
solid.

A layered electron gas system will be considered as an important case study
for quantitative surface analysis: it is shown how single layer graphene data
can be extracted from measurements on macroscopic three dimensional
highly oriented pyrolithic graphite (HOPG) samples. After appropriate
analysis, a feature in the spectrum can be identified which quantitatively
correlates with the sp2-content in arbitrary carbon samples, as follows from
comparison with Raman measurements.

[11 W S M Werner, Surf. Interf. Anal. 31(2001)141

[2] Werner, Wolfgang S. M., Novak, Mihaly, Salvat-Pujol, Francesc,
Jiricek, Petr, Zemek, Josef, PRL 110(2013)086110

[3] W. S. M. Werner, F. Salvat-Pujol, A. Bellissimo, R. Khalid, W. Smekal,
M. Novak A. Ruocco and G. Stefani, Phys. Rev. B 88(2013)201407

9:40am AS+MC-MoMS5 Effective Attenuation Lengths for Hard X-ray
Photoelectron Spectroscopy (HAXPES), 4. Jablonski, Polish Academy of
Sciences, Poland, Cedric Powell, National Institute of Standards and
Technology (NIST), S. Tanuma, National Institute for Materials Science
(NIMS), Japan

HAXPES is now being used to characterize thicker overlayer films than is
possible with conventional XPS using Al and Mg Ka x-ray sources. As a
result, there is a need for effective attenuation lengths (EALSs) to determine
film thicknesses at electron energies larger than about 1.5 keV. Jablonski
and Powell [1] published a simple practical EAL expression from fits to
EALs calculated from solution of the kinetic Boltzmann equation within the
transport approximation for electron energies between 61 eV and 2 keV and
photoelectron emission angles between 0° and 50°. This approach has now
been extended to electron energies up to 5 keV with account also taken of
non-dipole terms in the photoionization cross section. EALs have been
calculated for Si 1s, Cu 2ps,, Ag 3dsp, and Au 4f7, photoelectrons excited
by Mg Ka, Al Ko, Zr Lo, and Ti Ka x rays using the inelastic mean free
paths of Tanuma et al. [2] for each solid. EALs from the non-dipole
approximation were up to about 2% larger than those from the dipole
approximation. Good agreement has been found between the new EALs and
EALs determined from Monte Carlo simulations and from the NIST SESSA
database [3]; with the latter database, simulations can be made for
photoelectron energies up to 20 keV. We found that the new EALs were
also consistent with the previous expression [1]. Finally, the new EALs are
reasonably consistent with the EALs measured by Sacchi et al. [4] for Co,
Cu, and Ge but there was poorer agreement with the EALs measured by
Rubio-Zuazo and Castro [5] for Au. Disagreements between the calculated
and measured EALs for Au at energies less than 5 keV were attributed to
non-ideal morphologies of the thinner Au films.

[1] A. Jablonski and C. J. Powell, J. Vac. Sci. Technol. A 27, 253 (2009).
[2] S. Tanuma, C. J. Powell, and D. R. Penn, Surf. Interface Anal. 43, 689
(2011).

[3] http://www.nist.gov/srd/nist100.cfm.

[4] M. Sacchi et al., Phys. Rev. B 71, 155117 (2005).

[51J. Rubio-Zuazo and G. R. Castro, J. Electron Sprectrosc. Relat. Phenom.
184,384 (2011).

10:00am  AS+MC-MoM6  Angle-Resolved XPS Test Structures
Fabricated In Situ by Argon Ion and Argon Cluster Ion Treatment,
Peter Cumpson, A.J. Barlow, J.F. Portoles, N. Sano, Newcastle University,
UK

Nondestructive depth-profiling by inversion of Angle Resolved XPS
spectra[ 1] has been a desire in the XPS community for a long time. The lack
of reference specimens with known structures has been a severe handicap in
the development of the technique. Until now, reference materials with
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known depth-profiles have largely been confined to thin oxide layers on
aluminium or silicon, and even these have uncertain carbon contamination
layers. Progress has been made, though, with depth-profiling numerical
methods[2] that need comparison with real known structures. It is difficult
to fabricate structures with nanometre-scale variation in concentration with
depth, and even more difficult to transport them without contamination (and
the potentially damaging removal of such contamination).

We have developed protocols for the fabrication of two different samples,
one organic and the other inorganic, with known depth-profiles in situ in
XPS instruments;

Glancing-angle monatomic argon sputtered PEDOT:PSS, a common
conducting polymer blend, and

Argon cluster-ion sputtered indium arsenide (InAs), a compound
semiconductor

Indium arsenide and PEDOT:PSS are both widely-available, almost
atomically flat and sufficiently electrically conductive to ensure no sample
charging occurs. Glancing angle monatomic sputtering of PEDOT:PSS
leaves a PEDOT enhanced region at the surface, the spatial parameters of
which depend only on sputter ion conditions under direct experimental
control. Recently we have demonstrated the unexpected result that argon
gas-cluster sputtering of InAs results in a thin, coherent metallic indium
layer at the surface[3], the basis for InAs reference material structure.

The ill-posed nature of the inversion of ARXPS data means it is sensitive to
small experimental uncertainties. We apply three different ARXPS
algorithms, including regularization, to the data from these in situ reference
structures. This gives a set of reference data that will allow comparison with
results from any XPS work following the same preparation protocol. This
should greatly improve confidence in the results of ARXPS depth-profiling.

[1] P J Cumpson, Angle-resolved XPS and AES: depth-resolution limits and
a general comparison of properties of depth-profile reconstruction methods,
J Electron Spectrosc. and Rel. Phenom. 73 (1995) 25-52.

[2] R W Paynter, Regularization methods for the extraction of depth
profiles from simulated ARXPS data derived from overlayer/substrate
models, J Electron Spectrosc. and Rel. Phenom. 184 (2012) 569-582.

[3] A J Barlow and P J Cumpson, Observed damage during Argon gas
cluster depth profiles of compound semiconductors, submitted to J Appl.
Phys.

10:40am AS+MC-MoM8 Metrology for Surface Chemical Analysis:
Active Parties, Status and Challenges, Wolfgang Unger, BAM Federal
Institute for Materials Research and Testing, Germany

The International Bureau of Weights and Measures (BIPM) defines
metrology, i.e. the Art of Measurement, as "the science of measurement,
embracing both experimental and theoretical determinations at any level of
uncertainty in any field of science and technology." Besides the
establishment of full uncertainty budgets traceability is another aspect of
metrology.

Surface chemical analysis is a much younger discipline in comparison to
other branches in analytical chemistry as, e.g., electro-chemistry, inorganic
and gas analysis and lots of work has to be done to make XPS, AES and
SIMS based quantitative analysis a metrological one. Looking to the
analytical methods established in surface chemical analysis we may
differentiate classes:

1. Primary methods measuring amount of substance as [atoms/cn’, ...]

2. Empirical methods measuring amount of substance after calibration as
fractions of a nano scaled surface layer

3. Primary and empirical methods measuring amount of substance
expressed as the thickness of a thin film [nm]

In most cases we are using empirical methods when XPS, AES and SIMS
are applied to deliver quantitative data. It follows also from that list that,
principally, traceability to the mol or the meter can be established.

Relevant initiatives to metrologically underpin surface chemical analysis
have been launched under the umbrella of the Surface Analysis Working
Group at CCQM/BIPM where the National Metrology Institutes are running
world-wide inter-laboratory comparisons. In Europe we have the European
Metrology Research Program (EMRP) where a number of projects directly
address issues of surface chemical analysis and most often also by
individual websites. Another aspect is that there is a strong impact of
metrology in surface chemical analysis on standardization in ISO TC 201
and 202. For example, ISO 14701 has been prepared using outcome of a
huge key comparison organized under CCQM/BIPM.

The talk will present some basics of metrology in surface chemical analysis,
results of successful key comparisons organized under CCQM/BIPM and a
survey on the main scientific challenges to be addressed in quantitative
surface chemical analysis in the next future.
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11:00am AS+MC-MoM9 Local Crystallography: Phases, Symmetries,
and Defects from Bottom Up, A. Belianinov, Q. He, A,. Borisevich, S.
Jesse, Sergei Kalinin, Oak Ridge National Laboratory

Progress in high-resolution real space imaging techniques such as
(Scanning) Transmission Electron Microscopy (STEM) and Scanning
Tunneling Microscopy (STM) has allowed high veracity, direct imaging of
atomic columns (STEM) and surface atomic structures. While the data
acquisition platforms are continuously evolving, the basic data processing
principle - analysis of structure factor, or equivalently two point correlation
function averaged over probing volume — remained invariant since the early
days of Braggs. We propose an approach based on the multivariate
statistical analysis of the coordination spheres of individual atoms to reveal
preferential structures and symmetries. The underlying mechanism is that
for each atom, 7, laying on the lattice site with indices (/, m), we construct a
near coordination sphere as a vector N; = (xi,..., x3), where (X;, y;+,)is the
radius-vector to j/2-th nearest neighbor. Once the set of N; vectors is
assembled, its statistical properties are analyzed though cluster analysis and
various multivariate methods to reveal and extract regions of symmetry,
distortions, different phases, boundaries, defects, etc. Results are presented
on various model and real material systems including Lag;Sro;MnOs,
BiFeO;, LaCo0; and discussed in light of physical parameter extraction.

Acknowledgement:

Research for (AB, QH, AB, SJ, SVK) was supported by the US Department
of Energy, Basic Energy Sciences, Materials Sciences and Engineering
Division. Research was conducted at the Center for Nanophase Materials
Sciences, which is sponsored at Oak Ridge National Laboratory by the
Scientific User Facilities Division, Office of Basic Energy Sciences, US
Department of Energy.

11:20am AS+MC-MoM10 Chemical Warfare Agent Surface
Adsorption: Hydrogen Bonding of Sarin and Soman to Amorphous
Silica, Erin Durke, W.O. Gordon, Edgewood Chemical Biological Center,
A.R. Wilmsmeyer, Augustana College, D. Troya, J.R. Morris, Virginia Tech
Sarin and soman are warfare nerve agents that represent some of the most
toxic compounds ever synthesized. The extreme risk in handling such
molecules has, until now, precluded detailed research into the surface
chemistry of agents. We have developed a surface science approach to
explore the fundamental nature of hydrogen bonding forces between these
agents and a hydroxylated surface. Sarin and soman are deposited via a
directional doser onto an amorphous silica surface and characterized by
reflection-absorption infrared spectroscopy (RAIRS) in an ultra-high
vacuum (UHV) chamber. Once the chemical agent coverage reached
monolayer values, temperature programmed desorption is performed to
determine the binding energy. Changes in the OH region of the IR spectra
are monitored in real time with RAIRS, and the degree of shift in the H-
bonded OH peak shows a linear relationship with the strength of the
interaction between agent and silica surface. Infrared spectroscopy revealed
that both agents adsorb to amorphous silica through the formation of
surprisingly strong hydrogen-bonding interactions with primarily isolated
silanol groups (SiOH). Comparisons with previous theoretical results reveal
that this bonding occurs almost exclusively through the phosphoryl oxygen
(P=0) of the agent. Temperature-programmed desorption experiments
determined that the activation energy for hydrogen bond rupture and
desorption of sarin and soman was 50 + 2 kJ/mol and 52 + 2 kJ/mol,
respectively. X-ray photoelectron spectroscopy (XPS) is also used to
confirm molecular desorption of the agents from the silica substrate.
Together with results from previous studies involving other phosphoryl-
containing molecules, we have constructed a detailed understanding of the
structure-function relationship for nerve agent hydrogen bonding at the gas-
surface interface.

11:40am AS+MC-MoM11 The Shake-up Satellites in the Fe 2p Core
Level X-ray Photoelectron Spectra Analyzed with the Double
Lorentzian Line Shape, M. Bravo-Sanchez, CINVESTAV-Queretaro,
Mexico, J.A. Huerta-Ruelas, Centro de Investigacion en Ciencia Aplicada y
Tecnologia Avanzada, Mexico, A. Herrera-Gomez, CINVESTAV-
Queretaro, Mexico, M.O. Vazquez-Lepe, Universidad de Guadalajara,
Mexico, F. Espinosa-Magaria, CIMAV-Unidad Chihuahua, Mexico

Within the transition metal oxides, Fe oxides are among the most
technologically relevant. Surfaces analysis through techniques such as X-
ray photoelectron spectroscopy (XPS) plays a crucial role in the
development of new applications. Despite that a considerable effort has
been made on Fe oxides with XPS, many questions are still unanswered
mainly due to the lack of a simple and standardized method to adequately
model the spectrum of the Fe 2p core level. Complex characteristics such as
a steeply background, shake-up satellites, and an asymmetrical line-shape,
have been the principal obstacle to obtain accurate areas for proper
quantification. In this work, this problem has been confronted by employing
the SVSC background [1] and the double Lorentzian line shape [2]. The



latter has many advantages over the traditionally employed Doniach-Sunjic
line shape, since it is integrable and, then, suitable for quantitative studies.

With this combination of methods it has been possible to closely model the
entire Fe 2p spectra (including both the 3/2 and 1/2 branches), which
implied accounting for the shake-up satellite already known and the
inclusion of a second satellite rarely reported in the literature. A proper
determination of areas for accurate quantification of composition and
thickness has been achieved taking into account this second satellite located
around 725 eV (binding energy), hidden under the 1/2 branch of the main
oxide peak. The inclusion of this second signal, together with the already
known satellite, improves notably the quantitative analysis of the Fe oxides
spectra. The position of the satellites shows a clear dependence on the oxide
thickness. Thickness assessment has been confirmed with high-resolution
transmission electron microscopy.

[1] A. Herrera-Gomez, M. Bravo-Sanchez, O. Ceballos-Sanchez, and M.O.
Vazquez-Lepe. Journal of Electron Spectroscopy and Related Phenomena
(in press) DOI 10.1002/sia.5453.

[2] A. Herrera-Gomez. “A double Lorentzian shape for asymmetric
photoelectron peaks.” Internal Report. Cinvestav-Querétaro.(2011).
http://www.qro.cinvestav.mx/~aherrera/reportesInternos/doubleLorentzian.
pdf
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8:40am BI+AS-MoM2 Deposition of Porous Polyparylene Layers with
Even Thickness in Narrow Tubes, Gerhard Franz, H. Heidari, Munich
University of Applied Sciences, Germany

To coat a thin hollow tube with an equally thick layer along the whole
length, is one of the most challenging issues of surface refinement. Even for
long mean free paths and large diffusion lengths, a drop in thickness is
common, which is simply caused by the abstraction of deposited molecules,
which cannot walk randomly any longer. To overcome these inherent
spatial inhomogeneities, we made use of the mechanism of the temperature-
dependent surface polymerization, which is manifested in the occurence of
a "ceiling temperature". Negatively turned, no deposition is possible beyond
this temperature. Positively spoken, the spatially inhomogeneous deposition
rate along a tube can be equalized with a counteracting temperature
gradient. Experimentally, a configuration with four furnaces in line has
been constructed which allows the inner wall of a tube 12" in length and
1/8" in inner diameter to be coated with a layer of even thickness. The most
prominent application is the partial protection of thin silver layers which are
deposited on the inner walls of catheters of polyurethane or polysilicone not
as a contiguous film but with a zebra-stripe design applying a patent-
pending procedure [1]. These silver rings act as antibacterial means to
combat infections and induced incrustations in the urological area. To
prolong the lifetime of the silver depot, it has to be protected with a porous
human compatible top layer. We chose FDA approved polyparylene with
thicknesses between 100 and 400 nm to ensure a long-term antibacterial
activity, which should be kept above threshold level by a safety factor of 2
[2,3]. First results for the CVD of polyparylene are presented and are
discussed and modeled with COMSOL in terms of diffusion laws with an
abstraction reaction of Ist order. After having shown the antibacterial effect
for a static case [4], here a dynamic trial is presented to simulate the
antibacterial activity during flow of bacteria-containing urine in the ureters.
[1] G. Franz, F. Schamberger, A. Kutschera, S. Seyedi, D. Jocham, German
patent disclosure DE 102012023349.3, Nov. 29, 2012, [2] F. Schamberger,
A. Ziegler, and G. Franz, J. Vac. Sci. Technol. B30, 01801 (2012) [3] G.
Franz, F. Schamberger, J. Vac. Sci. Technol. A31, 061602 (2013) [4] H.
Heidari, St. Sudhop, F. Schamberger, G. Franz, Biointerphases, accepted
May 05, 2014

9:00am BI+AS-MoM3 Deciphering the Scaling of Single Molecule
Acid-Amine Interactions using Jarzynski's Equality, S. Raman, T. Utzig,
T. Baimpos, B.R. Shrestha, Markus Valtiner, Max Planck Institut fur
Eisenforschung GmbH, Germany

Unraveling the complexities of the macroscopic world based on molecular
level details relies on understanding the scaling of single molecular
interactions towards integral interactions, which are mediated through a
large number of simultaneously interacting molecular bonds. Here we
demonstrate how to decipher the scaling of acid-amine interactions from the
single molecular level towards the macroscopic level through a synergistic
experimental approach combining equilibrium Surface Forces Apparatus

(SFA) experiments and non-equilibrium single molecule force spectroscopy
(SM-AFM). Combining these two techniques is ideally suited for testing the
largely praised Jarzynski’s equality (JE), which relates the work performed
under non-equilibrium conditions with the equilibrium free energy. Large-
scale equilibrium force measurements using SFA scale linearly with the
number density of acid-base bonds at an interface and we measure
molecular acid-amine interaction energies of 10.9 + 0.2 kT. AFM single
molecule experiments reveal two distinct regimes. As expected, far from
equilibrium the measured single molecule unbinding forces increase
exponentially with the loading rate. A second quasi-equilibrium regime at
loading rates close to and below the natural binding/unbinding rate of the
acid-amine bond shows little loading rate dependence. Irrespective of how
far from equilibrium AFM experiments are performed, the energy
calculated using JE converges rapidly to 10.7 + 1.1 kT. This is essentially
equivalent to the value measured by the equilibrium measurements using
SFA. Our results suggest that using Jarzynski’s equality allows direct
scaling of non-equilibrium single molecule interaction force measurements
to scenarios where a large number of molecules are simultaneously
interacting, giving rise to macroscopic equilibrated interaction energies.
Taken together, the developed approach provides a strategy for molecular
design of novel functional materials through predicting of large-scale
properties such as adhesion or cell-substrate interactions based on single
molecule or simulation experiments.

9:20am BI+AS-MoM4 Fabrication of ssDNA Monolayers, Custom
Designed ssDNA Arrays and Brush Patterns in Biorepulsive Templates
by Promoted Exchange Reaction, M.N. Khan, University of Heidelberg,
Germany, V. Tjong, A. Chilkoti, Duke University, Michael Zharnikov,
University of Heidelberg, Germany

We present here a versatile approach to prepare mixed monolayers of
thiolate-bound single stranded DNA (ssDNA) and oligo(ethylene glycol)
substituted alkanethiols (OEG-AT) in a broad range of compositions as well
as ssSDNA/OEG-AT patterns of desired shape embedded into a biorepulsive
background. The procedure involves two steps. First, a OEG-AT monolayer
on a solid support is exposed to electrons or UV light in either
homogeneous or lithographic fashion. Second, the promoted (by the
irradiation in the first step) exchange reaction between the damaged OEG-
AT species in the film and ssDNA substituents in solution occurs, resulting
in formation of a ssDNA/OEG-AT monolayer or pattern. The composition
of the mixed films or ssDNA/OEG-AT spots (lithography) can be precisely
adjusted by electron or UV dose in almost entire composition range. The
above procedure relies on commercially available compounds and is
applicable to both thiol-terminated and symmetric and asymmetric
disulfide-terminated ssDNA. The fabricated OEG-AT/ssDNA templates and
patterns can be extended into the z-dimension by surface-initiated
enzymatic polymerization of ssDNA, which results in the formation of
highly ordered ssDNA brushes and allows topographically complex ssDNA
brush patterns to be sculpted on the surface.

9:40am BI+AS-MoMS High Throughput BioMaterials Screening using
Microarrays and High Information Content Imaging Methods, S.
Boudjabi, D. Covelli, M. Keramane, E. Luckham, John Brennan,
McMaster University, Canada INVITED
This presentation will highlight recent work in the area of high throughput
screening of biologically modified surfaces for production of biosensors,
protein and cell microarrays, and non-fouling surfaces. Using robotic
material synthesis and assay systems and a combination of contact and
noncontact microarray printing, we have produced several libraries of
biomaterials with a wide range of chemical compositions based on acrylate,
silicone and silica-based polymers. Using silica-based materials as an
example, the presentation will show the workflow utilized to develop new
bioactive polymer materials for generation of bioactive and stealth materials
and coatings. This includes methods to produce several thousand materials
very rapidly via printing, rapid imaging tools and assays for screening to
identify "hits" that show a desired property (i.e., high bioactivity, low non-
specific binding), and methods for detailed material analysis using a range
of imaging methods based on fluorescence, XPS, MALDI-MS/MS, FTIR
and SPR to fully characterize the properties of biologically active materials.
Methods for mining and analyzing the large datasets produced using our in-
house developed Biointerfaces Research Gateway will be described.

10:40am  BI+AS-MoMS8  Osteocalcin Adsorption onto Calcium
Phosphate and Silica Surfaces, L.A. Scudeller, David Castner, University
of Washington

Osteocalcin (OC) is the most abundant, non-collagenous protein in bone
and accounts for almost 2% of total protein in the human body. OC plays a
role in the body's metabolic regulation and bone building, as well as being
used as a biochemical marker for bone formation. However, its precise
function is not known. OC is known to bind strongly to hydroxyapatite
(HAP). This strong binding is likely the result of the y-carboxylated
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glutamic acid residues (Gla) in OC interacting with Ca** ions on the HAP
surface. OC has three helical units (0-1, a-2 and a-3) and the spacing of the
3 Gla residues in the a-1 unit match well the lattice spacing of the (001)
HAP surface.

This study uses x-ray photoelectron spectroscopy (XPS) and time-of-flight
secondary ion mass spectrometry (ToF-SIMS) to investigate the adsorption
of OC and decarboxylated (i.e., Gla converted back to Glu) OC (dOC) onto
various calcium phosphate surfaces as well as silica surfaces. The XPS
nitrogen signal is used to track the amount of adsorbed OC and dOC. The
intensities of key ToF-SIMS amino acid fragments are used to assess
changes in the structure of adsorbed OC and dOC.

The largest differences were observed between OC and dOC adsorbed onto
the silica and HAP surfaces. Similar amounts (3-4 atomic % N) of OC and
dOC were adsorbed onto the silica surface. Higher amounts adsorbed on the
HAP surface (~5 atomic % N for dOC and ~8 atomic % N for OC). The
ToF-SIMS data showed the intensity of the Cys amino acid fragment,
normalized to intensity of all amino acid fragments, was significantly higher
(~x10) when the proteins were adsorbed onto silica. Since in the native OC
structure the cysteines are buried in the center of the 3 o-helices, this
indicates both OC and dOC are more denatured on the silica surface. As OC
and dOC denature upon adsorption to the silica surface the cysteines
become more exposed and are more readily detected by ToF-SIMS. No
significant differences were detected between OC and dOC adsorbed onto
the silica surface, but small differences were observed between OC and
dOC adsorbed onto the HAP surface. In the OC structure the o-3 helix is
located above the a-1 and o-2 helices. Small differences in the ToF-SIMS
intensities from amino acid fragments characteristic of each helical unit
(Asn for a-1; His for a-2; and Phe for a-3) suggests either slight changes in
the orientation or a slight uncovering of the a-1 and a-2 for adsorbed dOC.

XPS showed similar amounts of OC and dOC were absorbed onto
amorphous HAP, crystalline HAP and octacalcium phosphate, but ToF-
SIMS detected some small differences in the amino acid fragment
intensities between adsorbed OC and dOC.

11:00am BI+AS-MoM9 Reversible Activation of a pH-sensitive Cell
Penetrating Peptides Attached to Gold Surfaces, Joe Baio, Oregon State
University, D. Schach, University of Chicago, M. Bonn, T. Weidner, Max
Planck Institute for Polymer Research, Germany

GALA peptides (WEAALAEALAEALAEHLAEALAEALEALAA) mimic
pH-sensitive viral fusion proteins and are widely touted as a promising
route to achieve site-specific delivery of therapeutic compounds. At basic
pH, GALA assumes a random coil structure but when lowering the pH to
acidic conditions the peptide transitions into an alpha helical structure. In
this state, GALA has the ability to penetrate cell membranes and form
pores. This mechanism is mainly driven by the change in overall charge of
the glutamic acid side chains. One development of GALA mediated drug
delivery is the immobilization of these peptides onto Au nanoparticles. Here
we demonstrate, using a variety of spectroscopic techniques, that GALA
can self-assemble into a protein monolayer on a gold film, linked to the
surface via a single cysteine synthesized to the carbonyl terminus.
Transmission IR vibrational spectroscopy demonstrates that the addition of
this cysteine does not impede the pH transition between a helix and random
coil structure in solution. Detailed characterization of the thiol-Au
immobilization scheme by X-ray photoelectron spectroscopy illustrates that
this single cysteine induced the formation of a well-ordered protein
monolayer. To directly observe any pH triggered transition of this protein
monolayer, sum frequency generation (SFG) vibrational spectra, at the
amide [ vibrational band, were collected at four different pH environments.
A vibration mode at 1655 cm™, related to a helical structure, appears when
this monolayer is immersed in a buffer at acidic conditions (pH 3 and 5) and
then disappears under basic conditions (pH 9 and 12). While the surface
immobilization clearly reduces the effective glutamic acid pK, from a bulk
solution value of 6 to 5.5, the covalently bound GALA-cysteine monolayer
reliably retained the reversible, pH-driven helix-coil transition mechanism.
Our findings establish that covalent attachment of GALA via cysteine
linkers is a promising route for drug delivery applications and the design of
‘smart’ biological coatings.

11:20am BI+AS-MoM10 Polydopamine Modification Using Small
Molecule Thiols and Dithiols: Problems and Solutions for Creating
Protein Resistant Coatings, Marlon Walker, A. Vaish, D. Vanderah,
National Institute of Standards and Technology (NIST)

Polydopamine (PDA) is emerging as an increasingly useful bio-inspired
coating for surface modification. Generated by a condensation reaction of
dopamine in aqueous media under alkaline conditions, it can be readily
deposited on almost any surface, forming thin films of controllable
thicknesses. One useful attribute of a PDA coating is that it can be placed
on and further modified to exhibit desired properties not possible with the
underlying substrate. We present results of functionalizing PDA-coated
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surfaces on substrates such as silicon with oligo (ethylene oxide) thiols and
dithiols for non-specific protein adsorption resistance.

11:40am BI+AS-MoM11 A Process to Functionalize Polyaniline for
Biotin-Avidin Biosensing, Tiana Shaw, M.D. Williams, Clark Atlanta
University

Biotin-avidin technology is a widely explored interaction in bioscience.
Biotin’s affinity for the protein avidin, makes it ideal for protein and nucleic
acid detection or purification methods. This strong interaction if often used
in pretargeting strategies for cancer treatment. In most cases a probe
molecule (antibody) is connected to a marker molecule (fluorophore or
nanoparticle) through the biotin-avidin bridge. Biotinylated nanoparticles
can play a role in improving this interaction and creating an electronic or
optical detection method. Polyaniline is a polymer which can be easily
functionalized to be specific for various biomolecules and has ideal sensor
characteristics. In this study we will design a process to functionalize
polyaniline with biotin to create a biotin-avidin biosensor. We began with
2-acetamidophenol which is a hydroxyl substituted aniline monomer. This
monomer undergoes polymerization to yield 2-hydroxy polyaniline. The
polymer’s hydroxyl group was functionalized by Steglich esterification
which refluxes a carboxylic acid with an alcohol. This esterification drives
the reaction and dehydrates the products shifting the equilibrium towards
the product. In this reaction DCC (dicyclohexylcarbodiimide) activates the
carboxylic acid of biotin to further reaction and DMAP (4-
dimethlyaminopyridine) acts as the acyl transfer catalyst. The biotinylated
polyaniline derivative was characterized using FT-IR spectroscopy, 'H
NMR spectroscopy, UV-VIS spectroscopy, and Scanning Electron
Microscopy. Florescence emission studies were also carried out with the
avidin protein.

Electronic Materials and Processing
Room: 314 - Session EM+MI+NS-MoM

Complex Oxides and Their Interfaces
Moderator: Jessica Hilton, Mantis Deposition, Lisa M.
Porter, Carnegie Mellon University

8:20am EM+MI+NS-MoM1 Emergent Phenomena at Complex Oxide
Interfaces, Susanne Stemmer, University of California at Santa Barbara

INVITED
Two-dimensional electron gases (2DEGs) at interfaces between two
insulating oxides have attracted significant attention because they can
exhibit unique properties, such as strong electron correlations,
superconductivity, and magnetism. In this presentation, we will discuss
properties arising from strong electron correlations in narrow quantum wells
of the band insulator SrTiO;, sandwiched between Mott insulating rare earth
titanates, SmTiO; and GdTiO;, respectively. These quantum wells exhibit
very high sheet electron high-densities, of approximately 1 electron per
planar unit cell of the quantum well. We demonstrate electron correlation
effects due to short-range Coulomb interactions, including mass
enhancement, interface-induced magnetism in the electron gas, and a
transition to a correlated insulator at the lowest thickness in quantum wells
bound by ferrimagnetic GdTiO;. We show that the metal-insulator transition
is coupled with the sudden onset of structural distortions in the quantum
well. In contrast, quantum wells bound by antiferromagnetic SmTiO;
exhibit almost no structural distortions, incipient antiferromagnetism, no
metal-insulator transition, and non-Fermi liquid behavior. We will discuss
the implications of the results in the context of two-dimensional electron
correlation physics.

This work was performed in collaboration with Clayton Jackson, Pouya
Moetakef, Jack Zhang, Jinwoo Hwang, Leon Balents, and Jim Allen.

9:00am EM+MI+NS-MoM3 Atomic and Electronic Structure of the
Ferroelectric BaTiO;-Ge (001) Interface, Kurt Fredrickson, The
University of Texas at Austin, P. Ponath, A.B. Posadas, University of
Texas at Austin, M.R. McCartney, T. Aoki, D.J. Smith, Arizona State
University, 4.4. Demkov, University of Texas at Austin

In this study, we demonstrate the epitaxial growth of BaTiO; on Ge(001) by
molecular beam epitaxy using a thin Zintl template buffer layer. A
combination of density functional theory, atomic-resolution electron
microscopy and in situ photoemission spectroscopy is used to investigate
the electronic properties and atomic structure of the BaTiOs/Ge interface.
Aberration-corrected scanning transmission electron micrographs reveal
that the Ge(001) 2x1 surface reconstruction remains intact during the
subsequent BaTiO; growth, thereby enabling a choice to be made between
several theoretically predicted interface structures. The measured valence



band offset of 2.7 eV matches well with the theoretical value of 2.5 eV
based on the model structure for an in-plane-polarized interface. The
agreement between the calculated and measured band offsets, which is
highly sensitive to the detailed atomic arrangement, indicates that the most
likely BaTiO;/Ge(001) interface structure has been identified.

9:20am EM+MI+NS-MoM4 Strain-Controlled Stochiometry
Variations in CaMnO; Epitaxial Thin Films, Rajeswari Kolagani, G.
Yong, Z. Warecki, C. Stumpf, D. Schaefer, P. Sharma, C. Hart, A. Burger,
Towson University

CaMnO; is a material of interest for application in novel energy
technologies such as thermoelectric power generation, and as a photo
catalyst for hydrogen energy storage. We are currently investigating the
properties of epitaxial thin films of CaMnO; (CMO) and its electron doped
derivatives towards tuning material properties that enable these
applications. Oxygen stoichiometry and its effect on structural and
electronic properties are key variables in optimizing thin films of these
materials. We will present our studies of CMO thin films grown epitaxially
by Pulsed Laser Deposition on several compatible oxide substrates with
varying degrees of tensile and compressive lattice mismatch. Lattice
mismatch results in the distortion of the unit cell symmetry from cubic to
tetragonal. In hole-doped rare earth manganites such as La (,CaMnO;,
tensile as well as compressive lattice mismatch strain is known to cause a
suppression of the insulator-metal transition, leading to an increase in
electrical resistivity. In contrast, our studies of the structural and electrical
properties of CMO thin films indicate that tensile strain causes a
pronounced decrease in the electrical resistivity. The strained films have an
expanded out of plane lattice parameter which is consistent with reduced
oxygen stoichiometry. These results indicate that the tensile strain causes
CMO thin films to be more susceptible to the formation of oxygen
vacancies, thus reducing electrical resistivity. This is in agreement with
recent theoretical predictions correlating strain and oxygen vacancies,
where tensile strain induced in-plane expansion of the unit cell is shown to
favor oxygen deficiency. The potential for employing lattice mismatch
strain for tuning film composition has important implications for
technological applications. We will present our detailed investigations of
the correlation of strain and oxygen stoichiometry in CaMnOs_4 andrelated
manganite compositions, employing high resolution X-ray diffraction,
temperature dependent resistivity measurements, and characterization of the
film surface morphology using atomic force microscopy.

9:40am EM+MI+NS-MoMS5 Controlling Complex Oxide Chemistry to
Enable Advanced Dielectric, Ferroelectric, and Electronic Applications,
Lane Martin, University of California, Berkeley INVITED
Current and next-generation advanced functional materials are testing our
ability to produce high-quality, complex materials with ever increasing
precision. Particular interest has been given to candidate complex oxide
materials which present a diverse range of material properties and
functionality not easily produced in other classes of materials. The ultimate
integration and utilization of these materials, however, will require that we
can carefully and deterministically balance the intrinsic phenomena of
interest in these materials with a knowledge of the potential extrinsic effects
that can arise form defects which result from our inability to produce these
complex materials with the precision we desire. This is made more
challenging by the fact that these complex oxide systems are prone to and
can accommodate large densities of point defects through a range of internal
compensation mechanisms. In this presentation, we will explore the
interrelationship between the complex oxide growth process, the chemical
nature of these complex materials, the resulting structure and strain
evolution, and the ultimate effect on properties in a range of prototypical
complex oxide materials. We will explore these interrelationships in model
systems including the classic dielectric materials SrTiO; and LaAlO;,
highly-controlled heterointerfaces that exhibit exotic physics including the
LaAlOs/SrTiO; system, and ferroic systems such as BaTiO; and others. In
this context, we will demonstrate routes by which we can deterministically
utilize the tendency for these materials to form point defects to enhance
epitaxial thin film strain, developing new modalities of strain control of
thin-film materials that go beyond traditional lattice mismatch effects, and
how the combination of epitaxial strain and defects in materials can be used
to enhance performance, independently tune susceptibilities, and provide
new insights into the nature of these complex materials. For instance, in
BaTiO; we will illustrate how one can couple epitaxial strain to defect
structures to provide an additional out-of-plane strain component that can
dramatically enhance ordering temperatures and will explore the use of
compositionally-graded heterostructures to further extend what can be done
with epitaxial strain to manipulate dielectric, ferroelectric, and electronic
properties of materials.

10:40am EM+MI+NS-MoM8 Monolithic Integration of Epitaxial
BaTiO; on Si and SiGe for Ferroelectric Devices, L. Mazet, R. Bachelet,
G. Saint-Girons, Institut des Nanotechnologies de Lyon (INL) - CNRS -
ECL, France, D. Albertini, B. Gautier, Institut des Nanotechnologies de
Lyon (INL) - CNRS - INSA de Lyon, France, M.M. Frank, J. Jordan-
Sweet, I. Lauer, V. Narayanan, IBM T.J. Watson Research Center, M.
Hytch, S. Schamm-Chardon, CEMES - CNRS - Université de Toulouse,
France, Catherine Dubourdieu, Institut des Nanotechnologies de Lyon
(INL) - CNRS - ECL, France INVITED
Ferroelectric oxides integrated on a semiconductor substrate are of
particular interest for various applications such as memory or logic devices,
electro-optic devices or as piezoelectric materials for sensors and actuators.
Among the ferroelectric compounds, BaTiO; is an attractive candidate for
large-scale applications compared to Pb- or Bi-based oxides. It is a well-
known perovskite largely studied for its dielectric, piezoelectric and
ferroelectric properties.

In this talk, I will briefly review the challenges associated with the
monolithic integration of crystalline complex oxides on a semiconductor
and more particularly with the integration of ferroelectrics. Molecular Beam
Epitaxy (MBE) provides unique advantages to precisely construct, almost
atom by atom, the oxide/semiconductor interface.

I will then present an experimental work on the epitaxy of BaTiO; thin
films (1.2 - 20 nm) on silicon and Si;Ge, substrates. Films are grown by
MBE, in the thickness range of 1.2-20 nm. Different growth conditions such
as temperature and oxygen pressure are explored to optimize the BaTiO;
film quality and to minimize the SiO, interfacial layer regrowth between Si
and the SrTiO; buffer layer. The surface quality is monitored in-situ by
reflection high-energy electron diffraction (RHEED) and ex-situ by X-ray
reflectometry (XRR) and atomic force microscopy (AFM). The crystalline
structure is studied by conventional and synchrotron X-ray diffraction. It is
also investigated at the nanoscale using advanced transmission electron
microscopy techniques. Strain maps determined with high precision
(0.05%), 5 nm spatial resolution and with a large field of view (1 pm) using
dark field electron holography will be discussed for selected samples. The
crystalline domain orientations (c- versus a-domains) will be discussed with
respect to the growth conditions and thickness. The ferroelectric properties
are investigated by piezoresponse force microscopy (PFM). Ferroelectric
films are obtained in optimized conditions that will be discussed. Ultrathin
films of few monolayers are investigated to determine the onset of
ferroelectricity.

I will conclude with ongoing perspectives on the integration of such
heterostructures in new field-effect devices for low power logic
applications.

11:20am  EM+MI+NS-MoM10 The Surface Study of Hexagonal
LuFeO; Multiferroic Thin Films, Shi Cao, X.S. Xu, T. Paudel, E.Y.
Tsymbal, P.A. Dowben, University of Nebraska-Lincoln

The surface properties of hexagonal LuFeO; thin film have been studied by
ultra-high vacuum based characterization technologies such as X-ray/ultra-
violet photoemission spectroscopy (XPS/UPS), inverse photoemission
spectroscopy (IPES) and XMCD-PEEM. Hexagonal LuFeO; is a stable
multiferroic at room temperature with potential magneto-electric properties.
The application of this material in voltage controlled magnetic devices
depends very significantly on the interface composition and interface
magnetism. The angle resolved XPS shows the possible iron-rich
termination and the oxygen deficiency due to the sensitivity of the surface
to the of sample preparation methods. The combined UPS and IPES allow
us to infer that this multiferroic oxide, LuFeOs, has a band gap about
2.35eV. All these characterizations are consistent with the density function
theory calculations of the surface and bulk band structure.

11:40am EM+MI+NS-MoM11 Integration of Ferroelectric Perovskites
on Ge(001) by ALD: A Case Study of BaTiO;, Thong Ngo, M.D.
McDaniel, S.N. Chopra, J.G. Ekerdt, A.B. Posadas, A.A. Demkov, The
University of Texas at Austin

Gemanium, which exhibits higher hole and electron mobilities than silicon,
might become a candidate to replace silicon as a channel material in a field
effect transistor (FET) beyond the 3D FET generation. Unlike Si, when the
high-k dielectrics are integrated on Ge, the chemical instability of GeO, is
an advantage. Moreover, the instability of GeO, also enables epitaxial
functional oxides on Ge. Crystalline perovskites can be high-k insulating,
with many also being ferromagnetic, ferroelectric, multiferroic, or
superconducting. This wide range of properties, combined with possibilities
for lattice match to Ge(001), allows for multi-functional oxides to be
engineered on Ge(001).

Epitaxial integration of ferroelectric barium titanate, BaTiO; (BTO), on Ge
has attracted much attention due to the low lattice mismatch between
Ge(001) and BTO (0.25% above Curie temperature, T, = 120 °C). The
efforts to epitaxially integrate ferroelectric BTO on Ge(001) have been
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demonstrated using molecular beam epitaxy (MBE) by several groups.
However, for device manufacturing applications, atomic layer deposition
(ALD) has advantages over MBE due to its high step coverage,
significantly low thermal budget, scalability, and low cost.

We demonstrate an all-chemical route to epitaxially integrate BTO directly
on Ge(001). Amorphous BTO films were grown on the 2x1 reconstructed,
clean  Ge(001) surface at 225 °C using ALD. Barium
bis(triisopropylcyclopentadienyl), titanium tetraisopropoxide, and water
were employed as co-reactants. The films become highly crystalline after a
vacuum anneal at 600-700 °C. In-situ x-ray photoelectron spectroscopy
confirms the stoichiometry of the BTO films with no detectable GeOx
formation or carbon incorporation. In-situ reflection high energy electron
diffraction (RHEED) shows high order of BTO film crystallinity after
vacuum annealing. X-ray diffraction (XRD) is used to determine the
crystallinity and the orientation of BTO films. Electrical characterization,
including capacitance-voltage, leakage current, interface trap density, and
piezoresponse force microscopy measurements will also be performed to
explore the high-k insulating and ferroelectric properties of BTO films on
Ge(001). The integration of BTO films on Ge(001) by ALD is a promising
method for fabricating a ferroelectric FET at production scale.

Materials Characterization in the Semiconductor
Industry Focus Topic
Room: 313 - Session MC+AP+AS-MoM

Characterization of 3D Structures, 2D films and
Interconnects

Moderator: Paul Ronsheim, CTO, PAR Technical
Consulting, previously with IBM, Paul van der Heide,
GLOBALFOUNDRIES, NY, USA

8:20am  MC+AP+AS-MoM1 Dopant/Carrier and Compositional
Profiling for 3D-Structures and Confined Volumes. Wilfried
Vandervorst, A. Kumar, J. Demeulemeester, A. Franquet, P. Eyben, J.
Bogdanowicz, M. Mannarino, A. Kambham, U. Celano, IMEC, KU Leuven
Belgium INVITED
The introduction of three-dimensional devices (FinFets, TFETs and
nanowires), has created as new metrology challenges the characterization of
dopant /carrier and impurity distributions in 3D-devices and confined
volumes. Beyond these dimensional challenges, the use of alternative
materials such SiGe, Ge, GeSn alloys as well as III-V materials, adds to the
metrology requirements. Recent evolution towards growth (and strain
relaxation) mediated by the confined volume (for instance relying on aspect
ratio trapping) calls for metrology suited for very small volumes and more
atomic scale observations. Metrology in 3D-structures and confined
volumes has demonstrated that the changing surface/volume ratios in
confined devices versus blanket films lead to phenomena (dopant
deactivation, enhanced diffusion,..) which cannot be observed in blanket
experiments. Hence more emphasis should be placed on the analysis of
device and structures with relevant dimensions relative to the exploration of
blanket experiments.

Atomprobe tomography is able to provide composition analysis within very
small volumes (a few nm3) with high sensitivity and accuracy and excellent
spatial resolution. Hence this enables to observe dopant atom migration in
3D-devices, and through some data mining analysis, even cluster formation
as precursor to strain relaxation such as seen in metastable alloys like GeSn.
Field Ton Microscopy, a complement to APT, can be used to image impurity
atoms clustered around defects within the crystal. Routine application of
APT is still hampered by localization problems, reconstruction artifacts due
to inhomogeneous evaporation, local magnification effects, sensitivity due
to the limited statistics, laser-tip interaction phenomena, etc.

Although scanning spreading resistance microscopy is inherently 2D,
analysis of 3D-devices (FinFet, ReRam, Sonos..) is possible by novel
approaches such as SPM scalping. The introduction of novel modes such as
soft retrace, FFT-SSRM has led of improved resolution and eliminates
series resistances resulting from the current confinement in these narrow
devices, decoupling the actual “spreading resistance” from the total
resistance. Finally SSRM-carrier distribution have been coupled to device
simulators leading to an accurate prediction of device performance.

In addition to APT we also present here the concept of “self focusing
SIMS” whereby we demonstrate that it is possible to determine, for
instance, the SiGe(III-V) composition in trenches as small as 20 nm without
having an ion beam with nm-resolution. This represents a significant step
forward in terms of production control and statistical relevance.
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9:00am  MC+AP+AS-MoM3  Characterization of the Periodicity
(Pitch) and Stress of Transistor Fin Structures using X-Ray Diffraction
Reciprocal Space Mapping, Alain Diebold, M. Medikonda, SUNY
College of Nanoscale Science and Engineering, M. Wormington, Jordan
Valley Semiconductors Inc

Cleanroom compatible, high resolution X-Ray diffraction systems are now
capable of measuring the average pitch and critical dimensions of ordered
arrays of fins and the stress state of high mobility layers at the top of the
fins. Reciprocal Space Mapping (RSM) characterizes both the main Bragg
diffraction peak and the satellite peaks associated with the fin periodicity.
The periodicity of the fin arrays has decreased to the point where the fin
array adds satellite diffraction peaks to the main Bragg diffraction peak
from the semiconductor. The pitch can be calculated from the angular
spacing of the satellite peaks. State of the art lithographic processing using
the spacer patterning process often results in a different spacing between
every other fin. This is known as pitch walking. Pitch walking is very
difficult to observed, even using TEM cross-sectional images. The stress
state of the high mobility epilayers such as Si;Ge, on Si fins can also be
characterized using RSMs. In addition, some of the higher order satellite
peaks will split when the fins have a near rectangular shape. This
presentation compares the capability of cleanroom and synchrotron based
XRD systems for reciprocal space mapping of Si and Si;.,Gey / Si transistor
fins arrays.'

! Measurement of Periodicity and Strain in Arrays of Single Crystal Silicon
and Pseudomorphic Si;Ge,/Si Fin Structures using X-ray Reciprocal Space
Maps, M. Medikonda, G. Muthinti, J. Fronheiser, V. Kamineni, M.
Wormington, K. Matney, T. Adam, E. Karapetrovaand A.C. Diebold, J.
Vac. Sci. Technol. B32, (2014), 021804.

9:20am MC+AP+AS-MoM4 MBE Grading Techniques for the
Growth of InAsSb Films with Inherent Properties Unaffected by
Strain, Wendy Sarney, S.P. Svensson, US Army Research Laboratory, Y.
Lin, D. Wang, L. Shterengas, D. Donetsky, G. Belenky, Stony Brook
University

By using compositionally graded buffer layers, InAsSb can be grown by
molecular beam epitaxy with its inherent lattice properties across the entire
composition range. This direct bandgap, I1I-V alloy is of great interest for
infrared detector applications, as it can cover both the mid (3-5 um) and
long wavelength (8-12 pum) bands. The direct bandgap provides the high
quantum efficiency that allows it to directly compete with HgCdTe but at
potentially much reduced fabrication costs. InAsSb was sidelined for
decades, because conventional wisdom indicated its bandgap bowing
parameter would not allow it to reach the needed 10-12 pm benchmark. The
material was further maligned because it was thought to exhibit CuPt
ordering, which affects the bandgap. By revisiting the growth techniques we
have determined that the bandgap bowing parameter of InAsSb is more than
sufficient for LWIR applications and it can be grown free of ordering,
provided that the material is grown with its inherent, undistorted lattice
constant.

As there is no perfect substrate available for the InAsSb compositions of
interest (typically containing ~40-50% Sb), we grow the films on
compositionally graded buffer layers on GaSb substrates. The buffer layers
consist of AlGalnSb, GalnSb, or InAsSb grades based on the theories
described by J. Tersoff." In this paper we provide experimental verification
of Tersoff’s theories applied to ternary and quaternary grades, and for both
tensile and compressive grades. Furthermore, the specific parameters
calculated by Tersoff, such as the boundary for the dislocation-free region
(Zc) is exactly verified by transmission electron microscopy (TEM).

Reciprocal space maps show that the InAsSb layers grown on
compositional graded buffer layers have their native lattice constant. The
films are free from strain-relieving dislocations within the field of view
allowed by TEM. Furthermore, we see no evidence of group V ordering for
films grown in this manner. Although ordering is known to further reduce
the bandgap, it is a difficult property to control, and it would be very
undesirable to rely on it to induce the needed longer wavelengths. We have
observed that a finite amount of residual strain that is small enough not to
cause dislocation formation can induce CuPt ordering, but this can be
completely avoided by using appropriate grading techniques. We also see
no evidence of phase segregation or miscibility gaps.

Photoluminescence wavelengths have been measured for numerous InAsSb
films, with a maximum wavelength to date of 12.4 um. This may be the
ideal material for direct bandgap infrared device applications.

J. Tersoff, Appl. Phys. Lett. 62, 693 (1993);



9:40am MC+AP+AS-MoMS5 Quantitative 3-D Imaging of Filaments in
Hybrid Resistive Memory Devices by Combined XPS and ToF-SIMS
Spectroscopies, Y. Busby, Jean-Jacques Pireaux, University of Namur,
Belgium

Resistive switching has been observed in a multitude of inorganic (oxides,
chalcogenides...) and hybrid (organic or polymers plus metal nanoparticles)
thin films simply sandwiched between two metal electrodes. Organic
memory devices are particularly promising candidates for developing large
scale, high density, cost efficient, non-volatile resistive memories. Their
switching mechanism has been for a long time suggested to depend on the
formation/rupture of localized conducting paths (filaments). Using electrical
characterization by impedance spectroscopy, filament formation has been
experimentally demonstrated to be the dominant switching mechanism in
many organic memories, only very recently (2014). Otherwise, despite of
very dedicated efforts, few experimental techniques have so far succeeded
in characterizing and providing information on filament(s).

The present work combines for the first time High Resolution X-Ray
induced Photoelectron Spectroscopy (for its quantitative information
capability) and Time-of-Flight Secondary Ion Mass Spectrometry (for its
very high atomic sensitivity and 3D imaging capabilities) to quantitatively
study both lateral and in depth elements distribution in a complete and
operative organic memory device: what happens to be top electrode metal
diffusion and filament formation is evidenced and quantitatively evaluated
in memory devices which are based on a highly insulating and cross-linked
polystyrene layer, processed by plasma polymerization, sandwiched
between silver and indium tin oxide electrodes. Depth profiles evidence the
metal diffusion in pristine and electrically addressed memory elements
through the whole organic layer where the silver concentration can reach
value as high as 5.10" at/cm’. Filament formation is shown to be initiated
during the top electrode evaporation, and is then successively enhanced by
field induced diffusion during the electrical addressing. The 3-D ToF-SIMS
images evidenced the formation of metallic paths extending through the
entire device depth, electrically bridging the two electrodes when the
element is in its low resistance state. Filaments with different characteristics
have also been studied in organic memories based on a semiconducting
polymer (Polyera N1400 Activelnk) or on semiconducting small molecules
(Tris-(8-hydroxyquinoline)aluminum, AlQs). It appears therefore that
metallic filaments are indeed at the origin of switching in organic memory
devices.

10:00am MC+AP+AS-MoM6 High Throughput Electron Diffraction-
Based Metrology of Nanocrystalline Materials, X. Liu, Carnegie Mellon
University, D. Choi, Korea Railroad Research Institute, Republic of Korea,
N.T. Nuhfer, Carnegie Mellon University, D.L. Yates, T. Sun, University of
Central Florida, G.S. Rohrer, Carnegiec Mellon University, K.R. Coffey,
University of Central Florida, Katayun Barmak, Columbia University

The resistivity of Cu, the current interconnect material of choice, increases
dramatically as the conductor’s dimensions decrease towards and below the
mean free path of electrons (39 nm at the room temperature). Two
scattering mechanisms that contribute to this resistivity size effect are
surface scattering, evidenced by thickness dependence of resistivity, and
grain boundary scattering, evidenced by grain size dependence of
resistivity. Quantification of microstructural parameters, such as grain size,
at the scale of the resistivity size effect necessitates the use of transmission
electron microscopy (TEM). In this work, an electron diffraction-based
orientation mapping system installed on the TEM is used to characterize not
only nanometric Cu films, but also new materials, W, Ni, Ru and Co, that
are potential candidates to replace Cu as the next-generation interconnect
material. In this characterization technique, spot diffraction patterns are
collected as the nano-sized beam scans the area of interest. The
crystallographic orientation of each scanned pixel is determined by cross-
correlation with pre-calculated diffraction patterns (termed, templates).
Precession is used to reduce the dynamical scattering effects, increasing the
reliability of the orientation mapping. The raw orientation data is then
processed to yield the microstructural data via a well-defined procedure
developed to parallel that used to process electron backscatter orientation
data taken in scanning electron microscopes. This characterization yields
full range of microstructural parameters including grain size, grain size
distribution, orientation distribution, misorientation distribution, grain
boundary and interface character and plane distribution that are extracted
from the crystal orientation maps in a nearly fully-automated manner. These
microstructural parameters, along with sample thicknesses, are used to
evaluate the validity of the semiclassical resistivity size models for Cu and
the new materials, and, where applicable, to determine the relative
contributions of surface and grain boundary scattering to the resistivity
increase.
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10:40am MC+AP+AS-MoM8 LEIS Characterization of the Outer
Surface, Ultra-Thin Layers and Contacts, Hidde Brongersma, ION-TOF
/ Tascon / Calipso, Netherlands, P. Bruener, T. Grehl, ION-TOF GmbH,
Germany, H.R.J. ter Veen, Tascon GmbH, Germany INVITED
Modern day technologies are increasingly based on high performance
nanomaterials and novel preparation techniques for such materials are
developed at a rapid pace. Advances in nanoscience and nanotechnology
heavily rely on the availability of analytic techniques that can validate and
support new nanomaterials synthesis procedures. With the introducing of
the Qtac'™, a new high-sensitivity Low Energy Ion Scattering (HS-LEIS)
instrument, one can quantitatively analyze the atomic composition of the
surface of a wide range of materials with an unparalleled surface sensitivity.

The outermost atoms of a surface largely control processes such as growth,
nucleation, poisoning, adhesion and electron emission. While analytic tools
(such as XPS) probe an average of many atomic layers, LEIS can
selectively analyze the outer atoms. In addition, non-destructive in-depth
information, with high depth resolution, is obtained for the heavier elements
(0 - 10 nm). HS-LEIS is just as well suited for the quantitative analysis of
amorphous, insulating and extremely rough surfaces as for flat single
crystals. Since HS-LEIS is a fast analysis technique, it can be used to follow
diffusion processes in-situ.

The focus will be on applications where valuable information has been
obtained that is impossible (or very difficult) to obtain with other analytical
techniques. The unique possibilities will be illustrated with state-of-the-art
applications for: ALD growth of ultra-thin layers, surface modification,
interface diffusion, core/shell nanoparticles, graphene, self-assembled
monolayers for sensors.

The findings will be compared and contrasted to those obtained by other
analytic techniques such as XPS, Auger, SIMS, RBS and conventional
LEIS.

11:20am MC+AP+AS-MoM10 Backside versus Frontside
Characterization of High-k/Metal Gate Stacks for CMOS sub-14 nm
Technological Nodes, Eugenie Martinez, CEA, LETI, MINATEC
Campus, France, B. Saidi, P. Caubet, F. Piallat, STMicroelectronics,
France, H. Kim, CEA, LETI, MINATEC Campus, France, S. Schamm-
Chardon, CEMES-CNRS, France, R. Gassilloud, CEA, LETI, MINATEC
Campus, France

Down-scaling of CMOS transistors beyond the 14 nm technological node
requires the implementation of new architectures and materials. The gate
last integration scheme is a promising solution to better control the
threshold voltage of future MOSFETS, because of its low thermal budget
[1]. Advanced characterization methods are needed to gain information
about the chemical composition of such structures. The analysis of thin
layers and interfaces buried under a thick metal electrode is particularly
challenging. An effective approach based on backside sample preparation is
proposed here.

To tune the work-function toward nMOS values, the technology currently
investigated is based on HfO, for the dielectric and a thin TiN layer capped
by a TiAl alloy for the gate [2]. For a better understanding of aluminium
and other elements redistributions after a 400°C annealing, a specific
methodology has been developed based on the removal of the Si substrate.
It allows to achieve XPS and Auger analyses from the backside of the
sample [3].

In particular, Auger depth profiling performed on HfO,/TiN/TiAl/TiN/W
gate stacks at low energy (500 eV Ar") brought the following main
conclusions: a) no Al diffusion toward the HfO,/TiN interface, b) nitrogen
out diffusion in the upper TiAl film, c) significant oxygen scavenging. By
comparison, these results evidenced that Auger frontside analyses suffer
from sputter-induced artifacts.

In a further study, to understand the behavior of nitrogen out diffusion in
the TiAl layer, we deposited TiAIN; thin films with various nitrogen flows
by reactive sputtering deposition and performed backside XPS analyses. At
low/medium nitrogen flows, which correspond to the TiAIN; film after
TiN/TiAl bilayer anneal, the N1s core level spectra obviously shows that N
is mainly bonded to Al rather than Ti. Results are compared with frontside
XPS performed with a thinner TiN upper layer. The backside approach is
shown to be more representative of the technological stack, in particular
with respect to the TiN oxidation.

Measurements were carried out at the NanoCharacterization Platform
(PFNC) of MINATEC.

[1] C. L. Hinkle et al., Appl. Phys. Let. 100, 153501 (2012).

[2] A. Veloso et al.., Symposium on VLSI Technology, Digest of Technical
Papers (2011).

[3] M. Py et al., AIP conference proceedings 1395, 171 (2011).
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11:40am MC+AP+AS-MoM11 Charge Storage Properties of Al/(1-
x)BaTiO;Ba(Cu;sNby3)0;  (x = 0.025) (BTBCN)/HfO,/p-Si
Metal/Ferroelectric/Insulator/Semiconductor Devices, Souvik Kundu,
M. Clavel, D. Maurya, M. Hudait, S. Priya, Virginia Tech
Metal-ferroelectric-insulator-semiconductor (MFIS) devices with pulsed
laser deposited 300 nm (1-x)BaTiOs,Ba(Cu;;3Nby3)05 (x = 0.025)
(BTBCN) ferroelectric film and atomic layer deposited 10 nm HfO,
insulating layer on silicon semiconductor substrate were developed for next
generation ferroelectric non-volatile memory applications. For the first
time, the structural, interfacial, and electrical properties of these
Al/BTBCN/HfO,/p-Si MFIS devices were studied, and the role of BTBCN
as charge storing elements was also established. The X-ray diffraction and
transmission electron micrograph with selected area diffraction pattern
clearly demonstrate the single crystallization of BTBCN ferroelectric films.
It was found that insertion of 10 nm HfO, in-between BTBCN and Si
improves the interfacial properties and also prevents the interdiffusion of
semiconductor into the ferroelectric layer. The optical bandgap of BTBCN
was found to be 4.38 eV using transmission spectrum analysis. The MFIS
structure showed capacitance-voltage hysteresis loops due to the
ferroelectric polarization of BTBCN and the maximum memory window
was found to be 1.65 V when the sweeping voltage was £10 V. However,
no memory window was found in metal-insulator-semiconductor devices,
i.e., when there is no BTBCN layer in between metal and insulating layer.
The leakage current of these devices was found to be 7x10~ A/cm? at an
applied voltage of -1 V. The wide memory window and superior retention
properties were achieved due to the presence of BTBCN. The electronic
band diagrams of these MFIS devices during program and erase operations
were proposed.

Keywords: BTBCN; MFIS; Memory window; Leakage current; Band-
diagram

Magnetic Interfaces and Nanostructures
Room: 311 - Session MI+EM-MoM

Interfacial Effects in Oxide Heterostructures
Moderator: Greg Szulczewski, The University of Alabama

8:40am MI+EM-MoM2 Linear Dichroism of La,;Sro;MnO; Magnetic
Dead Layers, Robbyn Trappen, M.B. Holcomb, J. Zhou, C.-Y. Huang,
West Virginia University, Y.-H. Chu, V. Tra, National Chiao Tung
University, Taiwan, Republic of China

Magnetic dead layers are a phenomenon in which a normally ferromagnetic
material loses its magnetization below a critical thickness, which poses a
problem for thin film applications. Density functional calculations predict
the behavior of the dead layer in complex oxide films to be
antiferromagnetic, which is attributed to interdiffusion of the magnetic film
into the neighboring layers. Here, we investigate the transition from
ferromagnetic to antiferromagnetic behavior in the complex oxide
Lag;Sro3MnO; using x ray magnetic linear and circular dichroism on the
Mn L-edge (2p to 3d transition). These measurements were taken at the
Advanced Light Source at Lawrence Berkeley National Labs. If the
mechanism of the formation of the dead layers is understood, it can
potentially be reversed and the same physics may be able to even enhance
the magnetization beyond its bulk parameter.

9:00am MI+EM-MoM3 Magnetotransport at the Superconducting
LaAlO;/SrTiO; Interface, Stefano Gariglio, D. Li, A. Féte, W. Liu, J.-M.
Triscone, University of Geneva, Switzerland INVITED
The conducting interface between the two band insulators LaAlO; and
SrTiO; has drawn a large share of attention, as it presents a variety of
exciting electronic properties that are tunable by an electric field [1].

At low temperatures, magnetotransport analysis has revealed a strong
Rashba spin-orbit interaction originating from the breaking of inversion
symmetry [2] and, in field effect devices, the ground state has been tuned
from an insulating to a superconducting state. I will discuss these results in
light of recent magnetotransport experiments in field-effect devices to probe
the evolution across the phase diagram of the weak localization /weak anti-
localization transport regime, its relation to the strength and anisotropy of
the superconducting state.

Moreover, this interface naturally provides a versatile system to artificially
build stacks of multiple 2D superconductors that would allow coupled 2D
superconducting layers to be studied. I will show that we can prepare
metallic and superconducting interfaces with LaAlO; layers grown on an
artificial SrTiOs film [3].
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[1] A. D. Caviglia et al., Nature 456, 624 (2008). [2] A. D. Caviglia et al.,
Phys. Rev. Lett. 104, 126803 (2010); A. Féte et al., Phys. Rev. B 86,
201105 (2012). [3] D. Li et al. Appl. Phys. Lett. Mat. 2, 012102 (2014).

9:40am MI+EM-MoMS Symmetry Breaking in Strained Vanadium
Dioxide Films, Mengkun Liu, UC San Diego INVITED
We report on nanoscopic aspects of the insulator-to-metal transition (IMT)
in a canonical correlated electron material, vanadium dioxide (VO2). Using
scattering-type scanning near-field optical microscopy (s-SNOM) and
spectroscopy (nano-FTIR), we revealed unique phase separation in strained
VO?2 films at sub-micrometer scale over a wide temperature range (320K-
380K). Investigating the three dimensional formation of this microscopic
stripe state, we resolved the enigma of the macroscopic electronic
anisotropy and disentangled distinct stages of the VO2 phase transition with
spontaneous symmetry breaking [Phys. Rev. Lett. 111 (9), 096602 (2013),
Appl. Phys. Lett. 104 (12), 121905 (2014) and follow-up studies]. With
these results we demonstrated that the novel spectroscopic techniques of
near-field optics provide powerful and universal methodologies for studying
mesoscopic and interfacial physics for many classes of transition metal
oxides and phase transition materials.

10:40am MI+EM-MoMS8 Interface Assisted Molecular Spintronics,
Karthik Raman, Indian Institute of Science, India INVITED
The adsorption of molecules on magnetic surfaces offers a new
directionality to the study of molecular spintronics. The creation of new
interface states formed by the hybridization of molecular orbitals with the
spin-polarized bands of the surface leads to the development of a unique
electronic and magnetic character. Such a richness of the interface spin-
chemistry allows developing new handles to functionalize the properties of
the adsorbed molecules, opening up a molecular-genome initiative to
develop spin-functional tailor-made devices. Along with the exploration of
single molecular magnets, the use of carbon based aromatic molecules, both
non-magnetic and open shell magnetic systems, have presented many
interesting interface phenomena. In addition to the experimental
demonstrations, these studies share a strong theoretical support from
computational ab initio interface modeling. The mechanism of inducing
molecular magnetism with stability up to room temperature, inducing
interface magnetic exchange coupling with strengthens of the order of
thermal energy at and above room temperature, enhancement in the
magnetic anisotropy of the surface and the spin-filtering property
demonstrating interfacial magnetoresistance opens up a new channel to
develop molecular designs for applications in sensor, memory and
computing applications. This talk shall drive interest in the emergent
subfield of interface assisted molecular spintronics, by presenting a strong
foundation of the interface spin-physics and spin-chemistry and propose
novel schemes promoting the use of advanced spectroscopy tools for the
investigation of molecular spin responses. Efforts to template molecules on
surfaces offer a way forward towards molecular scaling-up, providing a
future outlook to the field.

References:

1. N. Atodiresei & K. V. Raman, “Interface assisted spintronics: tailoring at
the molecular scale”, MRS Bulletin (July 2014).

2. K. V. Raman, ‘Focusing on the molecular scale’, Nature Nanotechnology
8, 886 (2013).

3. K. V. Raman et. al., ‘Interface engineered templates for molecular spin
memory devices’, Nature 493, 509 (2013).

4. K. V. Raman, J. Chang, J. S. Moodera, ‘New method of spin injection
into organic semiconductors using spin filtering tunnel barriers’, Org.
Electronics12, 1275 (2011).

5. K. V. Raman, S. M. Watson, J. H. Shim, J. A. Borchers, J. Chang, J. S.
Moodera , "Effect of molecular ordering on spin and charge injection in
rubrene", Phy. Rev. B80, 195212 (2009).

11:20am MI+EM-MoM10 Coverage-Dependent Surface Magnetism of
Iron Phthalocyanine on an O-Fe(110) Surface, Jack Rowe, D.B.
Dougherty, North Carolina State University, E. Vescovo, National
Synchrotron Light Source

Iron phthalocyanine adsorbed on an oxygen covered Fe(110) surface shows
a complex coverage-dependent spin polarization during growth of the first
molecular monolayer. Spin polarization is modified at low submonolayer
coverages, absent at intermediate submonolayer coverages, and re-appears
in modified form for a complete monolayer. This is attributed to coverage-
dependent adsorption configurations from a random adsorption system to a
packed monolayer with a well-defined interfacial spin polarization. In
addition, we report on the observation of a rotation of the spin direction of
photoelectrons in the presence of molecules, which is attributed to
molecular modifications of surface magnetic anisotropy.



11:40am MI+EM-MoM11 Time Resolved Imaging At 10Ghz And
Beyond Using The Ssrl Scanning Transmission X-Ray Microscope,
Hendrik Ohldag, SLAC National Accelerator Laboratory, S. Bonetti, R.
Kukreja, Stanford University, J. Frisch, H. Duerr, J. Stoehr, SLAC
National Accelerator Laboratory

Understanding magnetic properties at ultrafast timescales is crucial for the
development of new generations of magnetic devices. Such devices will
employ the spin torque or spin Hall effect, whose manifestation at the
nanoscale is not yet sufficiently understood, which is why studies
addressing these effects are of great fundamental significance as well. The
samples of interest are often thin film magnetic multilayers with thicknesses
in the range of a atomic layers. This fact alone presents a sensitivity
challenge in STXM microscopy, which is more suited toward studying
thicker samples. In addition the relevant time scale is of the order of 10 ps,
which is well below the typical x-ray pulse length of 50 — 100 ps.
Altogether this means that pushing the time resolution of a synchrotron x-
ray microscopy experiment is synonymous with improving the signal to
noise ratio on the detector and providing stable, low jitter excitation to not
further dilute the already small magnetic signals.

The SSRL STXM is equipped with a single photon counting electronics that
effectively allows us to use a double lock-in detection at 476MHz (the x-ray
pulse frequency) and 1.28MHz (the synchrotron revelation frequency). The
pulsed or continuous sample excitation source is synchronized with the
synchrotron source with a few picosecond drift over 24 hours. This setup
currently allows us to achieve a signal to noise ratio of better than 10000,
enabling us to detect miniscule variations of the x-ray absorption cross
section.

In this talk I will describe the time resolved STXM setup developed at
SSRL and present firsts results that have been obtained using the instrument
in collaboration with an outstanding group of external users. The instrument
operates in ultra high vacuum (~10%torr) and allows us to apply electrical
pulses to our samples that can be placed in out of plane magnetic fields up
to 0.8 Tesla or in plane magnetic fields up to 0.3 Tesla. We have used the
instrument to successfully image spin waves excited in spin-torque and spin
Hall oscillators with nano contacts of the size of ~100nm. We also
succeeded in imaging different excitation modes of magnetic samples in
ferromagnetic resonance at 9.6GHz excitation frequency, where the opening
angle of the precession cone is of the order of 10mrad.

The facility that is dedicated to ultrafast studies of materials under electric
and magnetic fields is open to general users who are interested in this field.

Nanometer-scale Science and Technology
Room: 304 - Session NS+SE-MoM

Delivering Energy and Mass at the Nanoscale
Moderator: Paul Sheehan, Naval Research Laboratory

8:20am NS+SE-MoM1 Mechanical Properties of Polymer Systems
Using Atomic Force Microscopy, Gregory Meyers, The Dow Chemical
Company INVITED
Scanned probe microscopy (SPM) has had a long history at The Dow
Chemical Company, beginning in the late 1980s when commercial scanning
tunneling microscopes were just hitting the market. Since that time Dow has
invested in internal and external collaborative efforts to drive and develop
atomic force based technologies for property measurements of polymeric
materials at nanometer length scales.

Our most cited early work described a unique phenomenon of surface wear
of polystyrene thin films where the interaction of a sliding AFM tip lead to
characteristic patterns that depended on the polymer molecular weight.
Since that time work such as this has been studied in order to understand
elastic, adhesive, and thermal properties of polymer coatings and films near
rigid interfaces. Collaborations with NIST in the late 1990s provided our
first attempts at quantifying mechanical properties at the nanoscale,
combining knowledge gained from classical nanoindentation to the
calibration of AFM systems for quantitative AFM based indentation. This
work set the stage for a large scale effort in the latter 2000 time frame,
funded by the NIST-ATP program in collaboration with Veeco Instruments
(now Bruker-Nano). The objective of this program was to develop an AFM
based platform for quantitative modulus measurements of polymers at sub
100 nm length scales, to provide better than 10% precision for polymer
materials with bulk properties in the 10 MPa to 10 GPa range. As a result of
this program, we now have quasistatic AFM based indentation capability
that provides the most comprehensive suite of analytical models (elastic,
elastic-plastic, and adhesive) to interpret material properties at these scales.
Within the last few years the ability to map properties at high spatial
resolution via high speed AFM indenting has been realized. A key
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consideration in all of the mechanical probing is the time scale over which
the tip-surface interaction occurs and so we have looked to computational
simulations with Purdue University to study the role of dissipative factors —
viscoelasticity and surface adhesion hysteresis — to help interpret our
measurements.

9:00am  NS+SE-MoM3 Extension of Loss-Tangent Mode to
Characterization of Materials’ Stiffness and Damping, X. Yu, M. Tao,
Nancy Burnham, Worcester Polytechnic Institute

Viscoelastic materials are engineered and used in a variety of applications;
however, it has been a great challenge to characterize their viscoelasticity at
the nanoscale, at which the degradation and failure mechanisms often
initiate. For linear viscoelastic materials, an atomic force microscopic
(AFM) technique, loss-tangent mode, has been recently developed to fulfill
this need [1]. The loss tangent of a material is expressed as the ratio of the
lost energy (damping) over the stored energy (stiffness) and is claimed to be
independent of the tip-sample contact area. Since this new mode was
invented, only a few example materials have been studied. In this project,
viscoelasticity of several different materials (i.e., asphalt binders [2], epoxy,
silica tire, and graphite) were investigated using loss-tangent mode; the
damping and stiffness terms were derived with easily measurable terms for
a more detailed understanding of materials’ viscoelasticity.

Results show that both free amplitude and set-point ratio affect the loss-
tangent measurement. For all the examined materials, the loss tangent and
damping decreased (power laws of -2.4 + 1.1 and -2.1 + 1.0, respectively)
with increasing free amplitude at constant set-point ratio, while stiffness
increased (power law 0.32 £ 0.18). The loss tangent increased (power law
0.8 = 0.5) with increasing set-point ratio at constant free amplitude; stiffness
decreased more rapidly than damping (power laws of -1.75 + 0.06 and -1.0
+ 0.4, respectively). These trends might indicate that the loss tangent, as
measured by AFM, is not independent of the tip-sample contact area.
Computer simulation of loss-tangent mode is ongoing for explanation of
these observations, in order to advance understanding of nanoscale
viscoelastic measurements.

1. R. Proksch and D.G. Yablon, Appl. Phys. Lett. 100, 073106 (2012)
2. X. Yu, N.A. Burnham, R.B. Mallick, M. Tao, Fuel 113, 443 (2013)

9:40am NS+SE-MoMS5 Direct Mechanical Measurements of
Viscoelasticity in Simple Liquids Using Vibrating Nanostructures,
Matthew Pelton, University of Maryland, Baltimore County, D.
Chakraborty, University of Melbourne, Australia, E. Malachosky, P. Guyot-
Sionnest, University of Chicago, J.E. Sader, University of Melbourne,
Australia

Studies of acoustic vibrations in nanometer-scale particles can provide
fundamental insights into the nanomechanical properties of nanoscale
materials, and into the mechanical coupling between the nanoparticles and
their environment. Metal nanoparticles allow for all-optical, non-contact
measurements, using ultrafast laser pulses to generate and probe high-
frequency acoustic vibrations. In early studies, the decay of the signal due
to nanoparticle vibrations was dominated due to vibrations in nanoparticle
size. By using highly uniform bipryamidal gold nanoparticles, we were able
to overcome the effects of inhomogeneous damping and measure the rate at
which the acoustic oscillations dissipate energy. Measurements in low-
viscosity liquids such as water showed a strong “intrinsic” damping
occurring within the nanoparticles themselves, and an environmental
damping due to viscous coupling to the surrounding liquid. This fluid
damping was described quantitatively using a parameter-free model.

In higher-viscosity liquids, however, the measured oscillation frequencies
and damping rates deviate strongly and qualitatively from the predictions of
this model. The deviations are explained quantitatively as arising from non-
Newtonian effects in the liquid. The nanoparticles vibrate at very high
frequencies (20 GHz), so that their vibration periods are comparable to the
intrinsic relaxation times of the liquid. The structure-fluid interaction is thus
dominated by viscoelastic effects. The observed viscoelasticity is not due to
molecular confinement, but is a bulk continuum effect arising from the
short time scale of vibration. This represents the first direct mechanical
measurement of the intrinsic viscoelastic properties of simple bulk liquids,
and opens a new paradigm for understanding extremely high frequency
fluid mechanics, nanoscale sensing technologies, and biophysical processes.

10:00am  NS+SE-MoMé6  Electronic and Optical Properties of
Nanometer Sized Structures formed via Local Intercalated of Carbon
in Layered Materials, Andrew Stollenwerk, University of Northern lowa

Electron beam radiation is often used to synthesize nanometer scale
structures through lithographic techniques, direct altering of chemical
bonds, or milling away material. We have recently demonstrated a new
method to locally intercalate carbon with nanometer precision using the
electron beam of a scanning electron microscope to break apart residual
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organics. This process was found to work only on layered materials such as
topological insulators, novel superconductors, charge density wave
materials, and graphite. Structurally, the incorporation of carbon raises the
height of the substrate from a few nanometers up to several hundred
nanometers depending on the exposure time. While easily observable using
atomic force microscopy, these features are effectively invisible to the
scanning tunneling microscope at tunneling biases below approximately
0.75 V. Tunneling spectrum of these structures exhibit semiconducting
properties with band gaps varying between 0.5 eV — 2.5 eV. This is in
agreement with the broad-wavelength photoluminescence observed in the
corresponding optical spectrum. Both of these results suggest that the
carbon intercalates form nano-clusters with a wide distribution in the size
and density.

10:40am  NS+SE-MoM8 Effects of Chemical Bonding on Heat
Transfer Across Interfaces, Paul Braun, M. Losego, M. Grady, N. Sottos,
D.G. Cahill, University of Illinois at Urbana-Champaign INVITED
Interfaces often dictate heat flow in micro- and nanostructured systems.
However, despite the growing importance of thermal management in micro-
and nanoscale devices, a unified understanding of the atomic-scale
structural features contributing to interfacial heat transport does not exist.
Herein, we experimentally demonstrate a link between interfacial bonding
character and thermal conductance at the atomic level. Our experimental
system consists of a gold film transfer-printed to a self-assembled
monolayer (SAM) with systematically varied termination chemistries.
Using a combination of ultrafast pump—probe techniques (time-domain
thermoreflectance, TDTR, and picosecond acoustics) and laser spallation
experiments, we independently measure and correlate changes in bonding
strength and heat flow at the gold—-SAM interface. For example, we
experimentally demonstrate that varying the density of covalent bonds
within this single bonding layer modulates both interfacial stiffness and
interfacial thermal conductance. We believe that this experimental system
will enable future quantification of other interfacial phenomena and will be
a critical tool to stimulate and validate new theories describing the
mechanisms of interfacial heat transport. Ultimately, these findings will

impact applications, including thermoelectric energy harvesting,
microelectronics cooling, and spatial targeting for hyperthermal
therapeutics.

11:20am NS+SE-MoM10 Enhanced Thermal Transport at Covalently
Functionalized Carbon Nanotube Array Interfaces to Oxide-forming
and Noble Metals, S. Kaur, Lawrence Berkeley National Laboratory, N.
Raravikar, Intel Corporation, B.4. Helms, Lawrence Berkeley National
Laboratory, R. Prasher, Sheetak, Inc., D.Frank Ogletree, Lawrence
Berkeley National Laboratory

It has been more than a decade since the experimental demonstration that
the thermal conductivity of carbon nanotubes can exceed that of diamond,
which has the highest thermal conductivity among naturally existing
materials. In spite of tremendous promise as a thermal material, results have
been disappointing for practical thermal systems and applications based on
nanotubes. The main culprit for the dramatic shortfall in the performance of
nanotubes in practical systems is high thermal interface resistance between
them and other components due to weak adhesion at the interface. We
demonstrated a six-fold reduction in the thermal interface resistance
between both oxide-forming and noble metal surfaces and vertically aligned
multi-wall carbon nanotube arrays after bridging the interface with short,
covalently-bonded organic molecules. Increased thermal transport was
associated with a significant increase in interface mechanical adhesion [1].
Functionalized CNT thermal interfaces were shown to be stable in air for
many months and resistant to thermal stress up to 180° C. We were also
able to independently determine the intrinsic CNT interface resistance and
the fraction of the CNT array contributing to thermal transport by
preforming multi-frequency time-domain thermo-reflectance (TDTR)
measurements. Since our interface-functionalization method avoids
destructive solution-phase processing, this development may lead to the
practical integration of CNT arrays for thermal management in
microelectronic devices

[1] "Enhanced thermal transport at covalently functionalized carbon
nanotube array interfaces", Sumanjeet Kaur, Nachiket Raravikar, Brett A.
Helms, Ravi Prasher & D. Frank Ogletree, Nature Communications 5 3082
(2014) doi: 10.1038/ncomms4082

11:40am NS+SE-MoM11 Desktop Nanofabrication with Cantilever-
Free Scanning Probes, Keith A. Brown, D.J. Eichelsdoerfer, X. Liao, C.A.
Mirkin, Northwestern University

The availability of reliable nanofabrication methods has dictated the pace of
progress in many areas of physics, materials science, electronics, and
biotechnology. A major deficiency in these fields is our inability to
simultaneously control the architecture of soft materials from macroscopic
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to nanoscopic length scales. Scanning probe instruments, such as the atomic
force microscope, are promising platforms for nanofabrication because they
provide direct access to the nanoscale. However, the central barrier to their
widespread use as lithographic instruments is throughput, as it is
prohibitively slow to pattern large areas with a single nanoscale probe. To
address this challenge, we explored a new architecture that utilizes a thin
elastomeric film on a glass slide in lieu of cantilevers to enable the use of a
massive array of probes in a simple format. Unfortunately, these cantilever-
free probe arrays are passive duplication tools where each probe writes a
copy of the same pattern. Here, we report on our recent advances in
developing techniques for actuating individual probes in cantilever-free
arrays and discuss the new scientific directions that these advances enable.
Specifically, we present methods for both physically actuating cantilever-
free probes using local heating and optically addressing probes that function
as light valves for near-field photolithography, and find both to be capable
of stitching together high resolution patterns that span multiple probes.
These advances in nanofabrication have enabled new types of experiments,
and in particular, we present recent progress in the combinatorial study of
biochemical interactions and the high throughput fabrication of functional
metamaterials using cantilever-free techniques. Taken together, these
observations indicate that versatile desktop nanofabrication is possible
using scanning probes and that these techniques can address the emerging
challenges related to patterning soft materials.

Plasma Science and Technology
Room: 308 - Session PS-MoM

Current Challenges of Plasma Etching Technologies
Moderator: Saravanapriyan Sriraman, Lam Research Corp

8:20am  PS-MoM1 Dielectric Etch Challenges and Evolutions,
Masanobu Honda, Tokyo Electron Miyagi Limited, Japan INVITED
For 7nm and beyond VLSI nano fabrication, fine process control in the
order of nm or less is required, current incremental techniques may not
address the challenges for future nano fabrication. In the High Aspect ratio
processing such as 3DNAND and DRAM capacitor, miniaturization of the
feature dimensions adds challenges to ion-radical transportation to the
bottom of the feature, further aggravating etch yield and etch linearity.
Further, in Logic MOL SAC, trade-off between the etch linearity and
substrate recesses reduction are increasingly being focused. On the other
hand, for BEOL interconnects, achievement of within-wafer uniformity of
nm or less, and defect reduction at fine-node are added challenges. We have
continued to challenge a variety of these dielectric etch issues, in order to
provide technical solutions to enable future devices.

With further lithography related challenges and delays, complexity in
patterning increases etch related challenges, continuous processing of the
multilayer film with high accuracy corresponding to the multi-pattern is
required. ARDE, reducing line roughness (LER/LWR), Trim, Hole Shrink
and countermeasures in accordance with the thinning of the EUV resist are
important challenges that etch has to overcome. We have effectively
overcome these problems using unique resist treatment technologies based
on high-speed electron beam and a sidewall protection film using DC super-
imposed RF plasma system [1,2]. However, we still encounter trade-off
when solving these challenges, it is necessary to overcome the trade-off by
introducing a new concept to enable further miniaturization.

As noted above, there are many challenges and potential tradeoffs to arrive
at an optimal solution; we need a breakthrough to overcome these
challenges. We have continued to explore and innovate solutions, as a result
we are honing on a possible solution integrating etch and ALD techniques.
Establishing this Etch-ALD concept and developing a robust flow will be a
major breakthrough in overcoming patterning and other critical level issues
related to nano-feature processing dielectrics and to sustain the Moore's
Law.

Reference
[1] M. Honda et al., AVS 60th Int. Symp. & Exhibit. (2013)
[2] M. Honda et al., Proc. of SPIE 8328-09 (2012)

9:00am PS-MoM3 Improving Selectivity for 10nm BEOL Etch Using
C5HF7 Gas, Robert Bruce, IBM T.J. Watson Research Center, T. Suzuki,
M. Nakamura, ZEON Chemicals L.P., A. Itou, G. Matsuura, Zeon
Corporation, S.U. Engelmann, N.P. Marchack, E.M. Sikorski, IBM T.J.
Watson Research Center, J. Lee, IBM Albany Nanotech Center, E.A.
Joseph, IBM T.J. Watson Research Center

As the industry moves to the 10nm technology node and beyond, new
plasma etch challenges arise in the fabrication of back-end-of-line (BEOL)
interconnects that need to be overcome. New materials and ever smaller



critical dimensions require superior performance in etch, especially in
minimizing line-edge roughness and low-k dielectric damage and
improving hard mask selectivity. During dual damascene trench etch, low-k
plasma damage leads to an increase in dielectric constant and pattern
collapse. Also, during the self-aligned via (SAV) etch, vias short between
one another due to poor metal hard mask selectivity and merging from via
to via. Incorporating C5HF7 gas in these etch processes has shown
significant improvements overall, because of its selective deposition
properties. However, the C5HF7-based etch process needs to be tuned for
the specific application, such as superior TiN selectivity for SAV or SiN
selectivity for contact etch. In this talk, the optimized CS5HF7-based
processes for trench, SAV and contact are reviewed and compared.
Furthermore, fundamental learning is accomplished using optical emission
spectroscopy and x-ray photoelectron spectroscopy to understand the
differences in mechanism between the various process regimes.

9:20am PS-MoM4 Effect of 147nm Photons on Porous Organo-Silicon
Glass Materials and Damage Improvement by Optimized Cu/Low-k
Integration Approaches, L. Zhang, IMEC, KU Leuven, Belgium, Jean-
Francois de Marneffe, IMEC, Belgium, M. Lukaszewicz, Wroclaw
University of Technology, Poland, S. Barry-Porter, F. Vajda, Trinity
College Dublin, Ireland, Y. Sun, IMEC, Belgium, M.H. Heyne, IMEC, KU
Leuven, Belgium, M. Baklanov, IMEC, Belgium

Porous organo-Silicon glass thin films, with porosities ranging from 8 to
48% and k-values from 2.7 to 1.9 were exposed to 147nm photons and ions
emitted in a CCP discharge of Xe. The material changes have been
measured by means of various surface and bulk analytical techniques. For
high-porosity/low k-value, a strong Si-CH; depletion is observed,
concomitant with moisture and increase of silanol group density. Surface
densification occurs, as well as reduction of porosity. TOF-SIMS elemental
profile indicate however that C and O profiles stay rather constant through
the film thickness, only slightly changing in absolute value. Change of
material properties are reflected in a rapid increase of the bulk dielectric
constant. It is observed that 147nm VUV photons dissociate Si-C bonds,
releasing -CH; and other H-based radicals in the porous matrix, reacting
with dangling Si* and forming Si-H. It is shown that Si-H bonds are also
dissociated by VUV but their loss is compensated until -CHj; are completely
dissociated. In absence of reactant to form volatile compound with, a major
part of those radicals form complex polymers that condensate into the
pores, while, upon ambient exposure, moisture react with remaining Si-
dangling bonds forming highly polarizable silanol groups. The impact of
VUV exposure on low-k dielectrics with varying porosities indicate a direct
correlation between absolute Si-CH; loss and VUV dose, independent of
inital methyl bond density. Change in dielectric properties (k-value) follows
the same trend, showing, at fixed VUV dose, a dielectric shift Ak = 1.0
independent of the pristine k-value.

The observed trend suggest that, besides reactive radical diffusion, photons
emitted during plasma processing do severely impede dielectric properties,
and therefore need to be tackled appropriately during patterning and
integration.

In order to reduce the impact of VUV, hardmasks with high photon
absorption and the effect of polymer filling by the P4 or ‘pore stuffing’
approach were evaluated. Several mask materials were deposited on top of
blanket OSG 2.0 low-k films and exposed to 147nm photons. Various
polymers with different UV absorption properties were stuffed into porous
OSG 2.0 low-k films and then exposed to 147nm photons. For both cases,
low-k damage was evaluated and showed reduced VUV damage.

9:40am PS-MoMS5 Non-PFC Plasma Chemistries for Patterning Low-k
Dielectric Materials, Jack Kun-Chieh Chen, N. Altieri, M. Paine, T. Kim,
J.P. Chang, UCLA

Low-k materials, such as fluorine-doped and carbon-doped silicon dioxide,
exhibit reduced dielectric constants necessary to curtail parasitic
capacitance and avoid crosstalk in devices, keeping pace with the trend of
increasing device densities. SFs and perfluorocarbons (PFC) gases, which
are primarily used in plasma etch of interlayer dielectric materials, generally
have high global warming potentials (GWP), making their increased usage
undesirable. This work focuses on evaluating etch chemistries from a
thermodynamic standpoint for back end of line (BEOL) applications in
patterning of proposed low-k carbon-doped silica compounds with varying
carbon content. Group and bond additivity methods were used to estimate
the Gibbs free energies of formation for these carbon-doped compounds.
PFC and non-PFC etchants with Ho/NH; were assessed through the use of
volatility diagrams comparing partial pressures of volatile etch products as a
function of etchant partial pressure at 300K. Minimization of Gibbs free
energy was employed to calculate the equilibrium distribution of species in
the etch system across a range of temperatures. NF; and CF;I were
identified as potentially viable for etching carbon-doped silica. NF;, a non-
PFC gas with an atmospheric presence of 1ppt, GWP of 16,800, and much
greater abatement efficacy, is the most effective etchant in pure form,
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producing volatile etch product pressures between six and eight times that
produced by CF,. CF;l, despite being an iodofluorocarbon gas, exhibited a
GWP of unity and displays reduced damage to doped carbon, making it
preferable in etching carbon-doped silica. Pure CF;l shows reduced product
pressure with increasing carbon content; however, addition of H, and NH;
improves its performance for the three most highly doped silica compounds.
Given the higher cost associated with using NF; and CF;I, the introduction
of an additive (H, or NH;) was assessed. Addition of H, and NH; generally
showed an increase in partial pressures predicted by the volatility diagrams,
with H, producing a much more significant increase than the pure etchant or
the addition of NHj. Preliminary experimental results comparing etch rates
for moderately to highly carbon-doped silica samples with 20 sccm CF,4 and
hydrogen addition generally agree with theorized predictions. Varying the
feed composition between 0%, 20%, and 50% H,, etch rates of 38.2, 44.8
and 48.86 nm/min were recorded for lightly doped silica, and 49.2, 73.0 and
128.2 nm/min were recorded for heavily carbon-doped silica.

10:00am PS-MoM6 Optimization of the Optical Transmission of
Submicron Silicon-on-Insulator Rib Waveguides, Marc Fouchier, E.
Pargon, CNRS/UJF/CEA-LTM, France, B. Ben Bakir, P. Brianceau, J.
Harduin, S. Barnola, P. Grosse, CEA-LET]I, France

Optical interconnects have largely replaced copper for long distance data
transmission and are gaining interest on shorter distances. At the intra-chip
level, silicon waveguides are foreseen to relieve copper wire bottlenecks in
the BEOL layers. The strong light confinement allowed by the large
refractive index difference between Si and SiO, permits the building of
submicron silicon on insulator (SOI) waveguides with small bending radii
and thus of compact photonic circuits. However, the strong light
confinement also results in large propagation losses due to the scattering of
the guided light on the rough etched sidewalls of the silicon core. Modeling
shows that the transmission loss mostly depends on the line edge roughness
(LER) of the guide and on its correlation length.

In the present work, we apply our silicon processing and sidewall roughness
metrology know-how developed for transistor gates to optimize the
fabrication process of submicron rib waveguides on 200 mm SOI wafer in
order to reduce their optical loss. First SiO, and photoresist etch masks are
evaluated. In both cases, the eventual benefit of an HBr plasma cure
treatment, originally developed for FEOL processing, on the photoresist is
also assessed. Second, we investigate the impact of several silicon
smoothing strategies on the patterned waveguides: thermal oxidation and
hydrogen annealing. Oxidations are performed in pure O, at 1000°C, above
the SiO, viscous transition. The following thicknesses are tested: 5, 10, 30
and 3 x 10 nm. Oxidizing in three steps compared to a single longer step is
believed to increase LER reduction because smoothing is faster in the initial
reaction limited regime than in the subsequent diffusion limited regime.
Hydrogen annealing is performed in pure H, for 2 min at several
temperatures between 850 and 1000°C. After each process step the LER is
measured by CD-SEM. In order to obtain LER values freed from
instrumental noise and their correlation length, CD-SEM data are treated by
spectral analysis . At the end of the process, the sidewall roughness of the
rib waveguides is also characterized by AFM on a tilted sample. In addition,
their profile is measured by cross-sectional SEM and their transmission loss
on an optical test bench.

Measurements show that a resist mask is better than the SiO, mask for
minimizing optical attenuation at the price of a degraded profile while the
photoresist cure treatment does not have much influence. Further
experiments are ongoing to evaluate the impact of the silicon smoothing
processes (hydrogen annealing or thermal oxidation) on the roughness and
to correlate it with optical loss measurements.

10:40am PS-MoM8 Using Post Etch Treatment (PET) to Resolve Poly
Residue Defect Issue of Dummy Poly Removal (DPR) in hi-K Metal
Gate Processing, Chih-Chien Wang, F.Y. Chang, C. Li-Chiang, S.-Y. Lu,
United Microelectronics Co., Taiwan, Republic of China, P.-W. Huang, Y.-
C. Kao, S.-Y. Cheng, T.-T. Su, Lam Research Corporation

Dummy Poly Removal (DPR) is one of the critical processes of hi-K metal
gate formation of gate last integration scheme of semiconductor wafer
fabrication. A typical DPR process flow includes plasma etching a wafer to
open hardmask and to remove dummy poly, then wet etch the wafer with
Tetra-Methyl Ammonium Hydroxide (TMAH) to remove any residue that is
remained inside the dummy gate trench.

Amorphous silicon is commonly used as the dummy poly materials. A
plasma composed of C12, HBr, NF3, or combination of above is used to dry
etch the dummy poly; however, poly residue defect is observed after DPR
process flow. Experimental data indicates that after plasma etch, a Si-O
layer is formed on the surface of amorphous silicon which suppress the
dummy poly removal capability of the subsequent wet etch. Therefore,
dummy poly material is left behind and forms the poly residue defects.
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If extended plasma is used to remove the poly residue, the barrier layer
(TiN) will be etched and thus damage the hi-K.

To resolve the poly residue defect issue, a post etch treatment (PET) is
added after dummy poly is etched by plasma. The purpose of PET is three-
folded: it converts the Si-O layer to a layer of which wet etch rate is
significantly improved; PET activates the residual F, Cl or Br inside the
gate trench and enhance the poly removal; PET has high selectivity to the
barrier layer (TiN) and thus TiN film is preserved. The result is no poly
residue defects and no hi-K damage.

11:00am PS-MoM9 Sidewall Roughness Characterization of an
Advanced Spacer Patterning Process, Emmanuel Dupuy, M. Fouchier,
E. Pargon, CNRS-LTM, France, J. Pradelles, CEA-Léti, France, H.
Grampeix, CEA-LETI, France, P. Pimenta-Barros, S. Barnola, CEA, LETI,
France, O. Joubert, LTM - CEA/LETI, France

Line width roughness (LWR) or line edge roughness (LER) is considered
today by the microelectronic industry as a critical factor limiting CMOS
transistors downscaling. According to the international technology roadmap
for semiconductors, LWR and LER values must be controlled below 2 nm
for the next sub-20 nm nodes, which remain a technological challenge for
all nanopatterning options and metrology tools. Understanding and
minimizing LER at this nanometer scale thus requires an accurate and
insightful characterization of the sidewall roughness.

Among advanced nanopatterning solutions, spacer patterning has emerged
as a reliable and competitive technique to fabricate fine patterns down to 10
nm. This technique consists in depositing a spacer material on each side of a
core (mandrel) defined by lithography and then removing the core to halve
the pitch. One critical aspect of this approach is the control of the LER since
the spacer patterns are asymmetric from their formation. The right and left
sides of the spacer are not obtained by the same technological step and
could lead to different LER values on the left and right sidewalls. This
behaviour could be problematic if this asymmetry is transferred to the final
pattern.

In this work, we propose to characterize and evaluate finely the LWR/LER
evolution after each technological step involved in a resist-core spacer
patterning process targeting a half-pitch of 20 nm and 10 nm. In this
particular case, spacers are directly deposited on the side of the resist.
Advantages are less processing steps, a simplified stack and a reduced
production cost. A method based on a power spectral density (PSD)
analysis is used take into account the noise level of CDSEM images in the
LWR/LER estimation of these fine patterns. A full description of the
sidewall roughness including its spatial frequency distribution is obtained at
each step with an estimation of noise-free parameters such as roughness
amplitude (30 ), correlation length (£), and roughness exponent (a).” For
the 20 nm node, LWR and LER values are drastically reduced to 2.5nm and
2.2nm respectively. The correlation length is found to range from 8 to 22
nm and the roughness exponent from 0.4 to 0.9 for the final silicon lines.
Results for the 10 nm node will be discussed in view of evaluating and
optimizing process performances.

11:20am PS-MoM10 Improving Pattern Fidelity for Selective Etch
Processes, Nathan Marchack, S.U. Engelmann, E.A. Joseph, R.L. Bruce,
H. Miyazoe, E.M. Sikorski, IBM T.J. Watson Research Center, T. Suzuki, M.
Nakamura, ZEON Chemicals L.P., A. Itou, H. Matsumoto, Zeon
Corporation

As critical dimensions and pitch sizes of integrated circuit technologies
continue to decrease, the challenges associated with maintaining pattern
transfer fidelity become especially difficult to surmount. LER/LWR, CD
variation, iso/dense feature loading and deformation of the organic soft
masks are commonly observed phenomena. Other issues include extensive
plasma damage or mask retention for post-lithography solutions.'

Our team recently introduced a new etch gas which is able to etch nitride by
selective deposition of a fluorocarbon layer’, analogous to the well
established oxide etch mechanism commonly used in manufacturing.’
Selective deposition was achieved by redesigning the FC etch gas, where
reaction with a nitride substrate layer reduces the FC film thickness
compared to silicon or oxide substrates. Owing to the complex, distinct
nature of the reaction pathways offered by this new plasma chemistry,
optimizing the etch performance involves tuning plasma parameters that
have not been traditionally investigated. We have evaluated the influence of
substrate and showerhead temperatures, gas admixture chemistry and
plasma pulsing on the performance of this etch gas for hard mark patterning
applications.

By tuning the chemical admixture of the plasma, 50nm pitch patterning of
an 80nm thick nitride hard mask layer using a 65nm carbon mask was
achieved with greatly reduced LER/LWR (~2.3/2/7) and minimal iso/dense
feature loading compared to a traditional CF4/CHF; mixture (LER/LWR
~5/8). The use of plasma pulsing, as well as lowering the lid temperature,
was found to increase the carbon mask retention while maintaining reduced
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LER/LWR. The effect of lid temperature was shown to be related to gas
dissociation, which was observed through full spectrum OES spectra
collected. The improved mask retention under these conditions allowed for
LER/LWR to be reduced even further by reducing the aspect ratio of the
structures.

1. S. Engelmann et al., Proc. SPIE 8328-9
2. S. Engelmann et al., AVS 58th Int. Symp. & Exhibit. (2011)
3. M. Schaepkens et al., J. Vac. Sci. Technol. A 17, 26 (1999)

Novel Trends in Synchrotron and FEL-Based Analysis
Focus Topic
Room: 312 - Session SA-MoM

Synchrotron Studies of Processes in Energy Conversion,
Electronic Devices and Other Materials I

Moderator: Franz Himpsel, University of Wisconsin-
Madison

8:20am SA-MoM1 Looking Into Buried Interfaces with Soft/hard X-
Ray Photoemission and Standing-Wave Excitation, Charles Fadley,
University of California, Davis INVITED
I will present some new directions in synchrotron radiation soft x-ray
photoemission (XPS, SXPS) and hard x-ray photoemission (HXPS,
HAXPES, HIKE) [1-6], with illustrative examples of applications to a range
of sample types. These involve combined SXPS and HXPS studies of
buried layers and interfaces in magnetic and transition-metal oxide
multilayers [1,2], as well as in semiconductor junctions [3]; solid-gas or
solid-liquid interfaces with high ambient pressures [5]; band-offset
measurements in multilayer structures [6]; and the use of standing waves
from multilayer mirrors to enhance depth contrast in spectroscopy [1-5].

References

This work was supported by the U.S. Department of Energy under Contract
No. DE-AC02-05CH11231, the Army Research Office, under MURI Grant
WOI11-NF-09-1-0398, the Forschungszentrum Julich, Peter Grunberg
Institute, and the APTCOM project of Le Triangle de Physique, Paris.

1 “Determination of layer-resolved magnetic and electronic structure of
Fe/MgO by standing-wave core- and valence- photoemission”, See-Hun
Yang, Benjamin Balke, Christian Papp, Sven Doring, Ulf Berges, L.
Plucinski, Carsten Westphal, Claus Schneider, Stuart S. P. Parkin, and
Charles S. Fadley, Phys. Rev. B 84, 184410 (2011).

2 “Interface properties of magnetic tunnel junction
La0.7Sr0.3MnO3/SrTiO3 superlattices studied by standing-wave excited
photoemission spectroscopy”, A. X. Gray et al., Phys. Rev. B 82, 205116
(2010); and A.X. Gray et al., Europhysics Letters 104, 17004 (2013).

3 “Nondestructive characterization of a TiN metal gate: chemical and
structural properties by means of standing-wave hard x-ray photoemission
spectroscopy”, C. Papp, G. Conti, et al. J. Appl. Phys. 112, 114501 (2012).

4 “Hard X-ray Photoemission with Angular Resolution and Standing-Wave
Excitation”, C. S. Fadley, invited review, J. Electron Spectrosc. 190, 165-
179 (2013)

5 “Chemical-state resolved concentration profiles with sub-nm accuracy at
solid/gas and solid/liquid interfaces using standing-wave ambient-pressure
photoemission (SWAPPS)”, S. Nemsak et al., in preparation

6 “Band Offsets in Complex-Oxide Thin Films and Heterostructures of
SrTiO3/LaNiO3 and SrTiO3/GdTiO3 by Soft and Hard X-ray
Photoelectron Spectroscopy”, G. Conti, A. M. Kaiser, A. X. Gray, S.
Nemsak , G. K. Palsson, J. Son, P. Moetakef, A. Janotti, L. Bjaalie, C.S.
Conlon D. Eiteneer, A.A. Greer, A. Keqi, A. Rattanachata, A.Y. Saw , A.
Bostwick, W.C. Stolte, A. Gloskovskii, W. Drube, S. Ueda, M. Kobata, K.
Kobayashi , C. G. Van de Walle, S. Stemmer, C. M. Schneider and C. S.
Fadley, J. Appl. Phys. 113 143704 (2013).

9:00am SA-MoM3 Hard X-ray Photoelectron Spectra (HXPES) of
Bulk Non-Conducting Silicate Glasses, Yongfeng Hu, Q.F. Xiao, X.Y.
Cui, D. Wang, Canadian Light Source, Canada, G.M. Bancrofi, H.W.
Nesbitt, M. Biesinger, University of Western Ontario, Canada

Bulk studies of non-conducting oxides and silicates, such as silicate glasses
containing cations such as Na, K, Mg and Ca are important to obtain
quantitative bulk information of bridging oxygen ( Si-O-Si, so-called BO),
non-bridging oxygen ( Si-O-M, so-called NBO), and "free oxygen ( M-O-M
). These studies have been so far limited to the XPS studies using
spectrometers equipped with modern charge compensation systems, such as
Kratos or ESCALAB 250Xi."? Such measurements are very important for



determining the chemical and physical properties of a wide variety of
silicate minerals and glasses®. Synchrotron-based hard X-ray photoelectron
spectroscopy (HXPES) has recently been applied to the characterization of
surfaces and interfaces of advanced materials. In this work, we will
demonstrate that the HXPES, without any charge compensation system, can
avoid the large differential charging problems usually seen with bulk non-
conductors using conventional XPS instruments. These problems are
overcome by depositing a thin metal coating on the glass surface and by
taking advantage of the large and variable probing depth offered by
HXPES. We show that the optimal O Is linewidth, matching to that of the
Krotos’ results, can be obtained for the non-conducting silicate glasses
using HXPES. Together with the high resolution Si 1s results, these HXPES
data are critical for accurate analysis of the BO, NBO and free oxide content
of these silicate glasses.

[1] H. W. Nesbitt, G.M. Bancroft, G.S. Henderson, R.Ho, K.N. Dalby, Y.
Huang, Z. Yan, J. Non-Cryst. Solids 357 (2011) 170.

[2] H.W.Nesbitt, G.M. Bancroft, Rev. Min. Geochem. 78 (2014) 271.

9:20am SA-MoM4 In Situ Study of Plasma Assisted Atomic Layer
Epitaxy of III-N Semiconductors Using Synchrotron X-ray Methods, V.
Nepal, Naval Research Laboratory, M.G. Erdem, Boston University, S.D.
Johnson, V.R. Anderson, Naval Research Laboratory, 4. DeMasi, K.F.
Ludwig, Boston University, Charles Eddy, Jr., Naval Research Laboratory
Atomic layer epitaxy (ALE) is a relatively new method to grow crystalline
materials in a layer-by-layer fashion by separating the growth reaction into
two surface-mediated, self-limiting half reactions at relatively low
temperatures. Recently, plasma assisted ALE (PA-ALE) has been used to
grow epitaxial IlI-nitride films at temperatures from 180-500°C [1-2]. At
these growth temperatures, the ad-atom mobility is low and the growth
process is highly dependent on the quality of the growth surface. Thus,
understanding the mechanism of nucleation and growth kinetics is very
important to improving material quality. A promising method for in situ
monitoring involves the use of high intensity coherent x-rays, such as from
a synchrotron light source, and includes small angle reflectance/scattering,
diffraction, and fluorescence.

We present initial in situ studies of the PA-ALE process using synchrotron
x-ray radiation, and grazing incidence small angle x-ray scattering
(GISAXS) , x-ray reflectivity (XRR), and in-plane x-ray diffraction (XRD)
measurements. Investigations focus on the in sifu surface preparation
process and initial stages of epitaxial growth of AIN and InN on GaN
template layers. Experiments were conducted in a custom PA-ALE growth
facility installed at beamline X21 of the National Synchrotron Light Source.
Surface evolution during the in situ surface preparation process was
monitored by GISAXS and the nucleation and growth processes for AIN
and InN were monitored using GISAXS, XRR, and in-plane XRD. Atomic
force microscopy (AFM), x-ray photoelectron spectroscopy and out-of-
plane XRD were employed as post growth characterizations.

In situ XRR measurements of an optimized growth process for AIN on a
450°C substrate revealed a 0.08 nm/cycle growth rate and clearly shows
each half-cycle of the AIN growth process. Ex situ AFM measurements
confirm that the surface roughness after growth was similar (RMS
roughness =0.74 nm) to that of the GaN substrate. We compare the in situ
in-plane synchrotron XRD study with previous reports[2]Jof AIN/GaN
grown in a Cambridge Nanotech Fiji reactor to assess the material quality
grown in the in situ chamber. The in-plane XRD measurement on pre-
grown ALE AIN confirms the epitaxial nature and wurtzite structure with
60 degree symmetry in ®-scan. These early results demonstrate that in situ
synchrotron x-ray characterization methods are a powerful tool for
exploring the epitaxial nucleation and growth mechanisms of IlI-nitride
layers by PA-ALE.

1. N. Nepal, et al., J. Cryst. Growth and Des. 13, 1485 (2013).
2. N. Nepal, et al., Appl. Phys. Lett. 103, 082110 (2013).

9:40am SA-MoMS Application of Synchrotron Radiation Based Hard
X-ray Photoelectron Spectroscopy (HAXPES) to Characterise
Semiconductor Device Structures, Greg Hughes, L. Walsh, Dublin City
University, Ireland, J.C. Woicik, National Institute of Standards and
Technology (NIST), P.K. Hurley, Tyndall National Institute, Ireland

INVITED
Hard x-ray photoelectron spectroscopy (HAXPES) is emerging as a
technique which has the capability to provide chemical and electronic
information on much larger depth scales than conventional XPS. This has
potential applications in the study of oxide/semiconductor and
metal/semiconductor buried interfaces found in device structures,
particularly after annealing cycles. In this presentation results of combined
hard x-ray photoelectron spectroscopy (HAXPES) and electrical
characterisation measurements on identical Si and III-V based metal-oxide-
semiconductor (MOS) structures will be presented. The experimental
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findings obtained indicate that surface potential changes at the
semiconductor/dielectricinterface due to the presence of a thin metal gate
layer can be detected with HAXPES. Changes in the semiconductor band
bending at zero gate voltage and the flat band voltage for the case of metal
gate layers derived from the semiconductor core level shifts observed in the
HAXPES spectra are in agreement with values derived from C-V
measurements.

The III-V material InGaAs, shows promise as the channel material in high
speed n-MOSFETs however, the issue of low resistance source/drain (S/D)
contacts to InGaAs remains. A possible solution is to find a self-aligned
silicide like material (salicide) to act as the S/D contacts. The search for this
material has recently focussed on Ni-InGaAs, due to its promisingly low R
and its apparent abrupt interface with InGaAs. Results of a HAXPES study
of the Ni-InGaAs alloy system has been undertaken in order to determine
the nature of the Ni-InGaAs interface and its evolution as a function of
annealing temperature. The results show that Ni readily interacts with
InGaAs upon deposition at room temperature resulting in significant inter-
diffusion and the formation of Niln, NiGa, and NiAs alloys. This
information when combined with x-ray absorption spectroscopy (XAS)
measurements can be used to develop a structural and chemical
compositional model of the Ni-InGaAs system as it evolves over a thermal
annealing range of 250-500 °C.

10:40am SA-MoM8 Correlative Probing of the Surface Chemistry and
Electron Transport of Nanodevices in Operando Mode using Scanning
Photoelectron Emission Microscopy, Andrei Kolmakov, National Institute
of Standards and Technology (NIST) INVITED
The surface as well as interfacial properties of nanoscopic devices are
intimately linked to their electronic transport properties. In addition, they
have a strong dependence on their dimensions, faceting and stoichiometry.
As a result, the traditional measurements on the ensembles of
nanostructures would suffer from significant averaging effects and need to
be replaced with testing of individual well characterized nanostructure. In
this report, we demonstrate few examples of correlative imaging,
spectroscopy and transport measurements on individual working
nanodevices using capabilities of modern synchrotron radiation based
photoelectron microscopy. In particular, the surface analysis of the
operating MEMS nanowire sensor model device being coupled with
scanning x-ray beam induced current microscopy correlates real time
changes in conductance of the nanowire with formation of the specific
surface groups upon redox reaction. The effect of the electrodes and
electroactive defects in the devices on their performance will be discussed.
The perspectives of the in operando device characterization at real world
pressures and temperatures will be outlined.

11:20am SA-MoM10 A NEXAFS Spectromicroscope for Structural
and Chemical Imaging Analysis, Conan Weiland, Synchrotron Research,
Inc., Z. Fu, C. Jaye, D.A. Fischer, National Institute of Standards and
Technology, K. Scammon, University of Central Florida, P.E. Sobol, E.L.
Principe, Synchrotron Research, Inc. INVITED
We present the development of a Large Area Rapid Imaging Analytical
Tool (LARIAT MKII) for near edge x-ray absorption fine structure
(NEXAFS) surface chemical and structural analysis. This analyzer utilizes
magnetostatic and grid-less electrostatic lenses to maintain the lateral
distribution of electrons into a 16 mega channel detector, allowing for a
180° collection angle for high collection efficiency enabling rapid parallel
imaging. The system is in development for installation at the NIST SST
beamline at NSLS II. Initial images from LARIAT MKII, currently
installed at NSLS, will also be presented. The images demonstrate the
system’s imaging capabilities, with resolution approaching 5 um for C K-
edge images.
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Advanced Surface Engineering
Room: 302 - Session SE+EM+EN+PS+TF-MoM

New Developments in Atmospheric Pressure Plasma
Deposition and Thin Films for Energy Applications
Moderator: Hana Barankova, Uppsala University, Sweden,
Michael Stueber, Karlsruhe Institute of Technology

8:40am SE+EM+EN+PS+TF-MoM2 Real Time Characterization of
Polymer Surface Modification by an Atmospheric Pressure Plasma Jet,
Andrew Knoll, P. Luan, E.A.J. Bartis, C. Hart, University of Maryland,
College Park, Y. Raitses, Princeton Plasma Physics Laboratory, G.S.
Oehrlein, University of Maryland, College Park

Atmospheric pressure plasma jets (APPJ) have been shown to modify
surfaces, leading to a variety of potential industrial and medical
applications. APPJ treated surfaces are typically evaluated post treatment,
but few studies exist showing surface changes in real time. In this study, we
characterized both closely-coupled and remote APPJ treatments of a
PMMA-based 193 nm photoresist polymer (PR193) using in situ
ellipsometry to monitor film thickness and refractive index in real time. The
kilohertz-driven, two-ring electrode APPJ was fed with low admixtures of
O, and N, to Ar. Voltage and current waveforms were collected to
electrically characterize the APPJ and measure power dissipation. In
addition, high speed photography of the APPJ was conducted in order to
characterize plasma interaction with various controlled environments and
with PR193. Ellipsometry shows that PR193 etch rates depend on the feed
gas chemistry and treatment time. Etch rates are reduced for Ar/O,
compared with pure Ar and Ar/N,. This reduction is correlated to a decrease
in plasma density with O, addition. It is also shown that the etch rate
changes over time initially during APPJ heating and reaches steady state as
the temperature stabilizes. When the plasma is brought close enough to the
sample, the discharge couples with the surface and arcing to the film occurs.
This interaction greatly increases the etch rate and introduces major damage
to the polymer, which can be observed by the naked eye. From electrical
data and high speed photography we see that the pure Ar discharge exhibits
filamentary behavior that is enhanced by O, addition and rendered more
diffuse by N, addition. High speed photography shows that the coupling of
the plasma and the environment increases when the environment matches
the feed gas chemistry, which causes the plume to extend farther than in
open air. While the Ar plume is confined to a single plasma channel, N,
admixture to Ar branches out into many smaller discharges, similar to a
Lichtenberg figure. We also correlate damage seen on the polymer surface
with observed arcing. The authors gratefully acknowledge financial support
by US Department of Energy (DE-SC0001939).

9:00am SE+EM+EN+PS+TF-MoM3 Gas-Liquid Mixed Phase Plasma
at Atmospheric Pressure, Akira Ando, G. Tang, R. Ohno, A. Komuro, K.

Takahashi, Tohoku University, Japan INVITED
A gas-liquid mixed phase plasma discharge is investigated using
nanosecond high-voltage pulse generator. Non-thermal atmospheric

pressure plasmas have recently attracted significant attention due to their
good energy efficiency in production of reactive species. Plasma in water
can generate many reactive species, such as ozone, hydroxyl radicals and
oxygen radicals. These products have strong oxidizing power and is
applicable for many applications without any thermal stress.

We have utilized a nanosecond high-voltage pulse to produce a discharge
within bubbles introduced into water, where semiconductor opening
switching (SOS) diodes are used in the pulse generator.

The reactor for the gas-liquid hybrid plasma consists of two regions, gas
and liquid regions, separated by a thin plate with a small holes (Imm in
diameter). Several working gases are fed into the reactor from the gas
region and bubbles are formed via the separator holes in the water. High-
voltage pulse with 10-15kV are applied to a wire electrode situated in the
gas phase. A grounded electrode is set into the water. When the high
voltage pulse with the duration of 40ns is applied, a streamer-like discharge
occurs within the bubbles and the streamer extends along the surface of gas-
liquid interface.

The formation process of discharge bubbles were observed with a high-
speed CCD images of the discharge. The area of discharge extension
depends on the gas species and conductivity. Production rate of reactive
species, ozone and hydroxyl radicals in a discharge reactor was also
depends on the parameters. As the life time of hydroxyl radicals is very
short, the amount is estimated from concentration of hydrogen peroxide
produced in treated water, which is produced by the recombination process
of hydroxyl radicals.

In order to evaluate the oxidation power in the gas-liquid mixed plasma, we
applied it to water purification, such as decolorization, sterilization and

Monday Morning, November 10, 2014

18

decomposition of persistent organic pollutants (POPs). The sterilization
effect in the water is estimated from the survival ratio of bacillus subtilis
and it reaches more than 99.5% after 15min treatment. The survival ratio is
large in air discharge and the value of pH in water as well as ultraviolet
(UV) ray generated by plasma discharge affects the sterilization. SEM
images shows the surface of the bacteria were damaged by the treatment.

9:40am  SE+EM+EN+PS+TF-MoM5  Atmospheric Pressure High
Power Impulse Plasma Source (AP-HiPIPS) for Plasma Enhanced
Chemical Vapor Deposition of Thin Films, Vasiliki Poenitzsch, R. Wei,
M.A. Miller, K. Coulter, Southwest Research Institute

Southwest Research Institute is currently developing a High Power Impulse
Plasma Source (HiPIPS) that supplies a high flux of energetic reactants to a
surface while maintaining a low processing temperature. HiPIPS is a new
plasma enhanced chemical vapor deposition technology that combines
variable pressure plasma jets with advanced pulsed power technology.
Several complementary techniques, including mass spectroscopy, optical
emission spectroscopy (OES) and electrical and thermal probes were
employed, for measuring and calculating the plasma characteristics in a
wide range of the HiPIPS process parameters and conditions. The
preliminary HiPIPS experiments have revealed that high peak power (~40
kW) in the pulses can be achieved resulting in a high peak current (~200 A)
and increased plasma density (i.e. n = Ar: 10 cm™s™") while maintaining a
low average power (35W) and a low substrate processing temperature (50-
150 °C). A prototype atmospheric-pressure HiPIPS (AP-HiPIPS) was
successfully developed and proof-of-concept AP-HiPIPS diamond-like
carbon (DLC) film deposition was demonstrated. Beyond DLC films,
HiPIPS plasmas could be applicable to deposition of many classes of films
and many types of surface treatments. In contrast to conventional state-of-
the-art non-thermal atmospheric pressure plasma jets, typically driven by
RF or AC, the power densities and currents during pulse on-time are 2-3
orders of magnitude higher in HiPIPS. Since plasma is created through
inelastic electron collision with precursor gas molecules, the increased
power and current directly equates to significantly improved ionization and
dissociation of precursor gases in HiPIPS. Thus, distinguishing features of
HiPIPS as compared to RF or AC APPJs are increased ionization, enhanced
molecular gas dissociation, and higher flux of reactive species while
maintaining the same low deposition temperatures. In this presentation, an
overview of HiPIPS and AP-HiPIPS will be given with a specific focus on
plasma characteristics and areas for further development.

10:00am SE+EM+EN+PS+TF-MoM6 Importance of Argon’s Spectral
Emission for Plasma Diagnostics at an Atmospherics Open Air Plasma
Discharge, Viadimir Milosavljevic, J. Lalor, P. Bourke, P.J. Cullen, Dublin
Institute of Technology, Ireland

In recent years, plasma on atmospheric pressure attracts a lot of attention
due to their numerous applications in plasma biology, health care, and
medicine, as well as surface and materials processing and nanotechnology.
Among several atmospheric pressure plasma devices, a dielectric barrier
discharge plasma jet (DBDPJ) is the most used, because of its simplicity
and a fact that the generated plasma is in surrounding air and not in a
confined space. The dynamics of DBDPJ in noble gases reveal that the
plasma plumes propagate at a speed several orders of magnitude higher than
the gas flow velocity. This is why it is generally accepted that the
propagation of the plasma plumes is driven electrically rather than by the
gas flow, which imposes in the first place the importance of the plasma
diagnostics. Because of the frequent collisions between electrons and
neutrals at high pressure, the electrical probe methods are generally less
useful for plasmas produced at atmospheric pressure. Therefore, other
diagnostic methods are needed and optical emission spectroscopy (OES)
has been used as one of the alternative diagnostics because of its simplicity
and non-intrusive nature.

Nitrogen dominates the ionic composition of atmospheric discharge and has
an impact on the breakdown voltage. Nitrogen acts as a ‘sensor gas’ and
OES diagnostics are applied in assumption that most nitrogen molecular
emissions are excited during electron impact of ground state N2(X). When
nitrogen is added/mixed with argon plasma discharges, the argon emission
lines are significantly quenched and the resulting plasma spectral emission
is changed. Measurements and analysis of neutral argon spectral emission
lines give very important information about the plasma properties. In this
work the absolute spectral emissions of the atomic and molecular lines
associated with argon, oxygen, nitrogen and hydrogen are presented.
Wavelength resolved optical emission profiles of argon's spectral lines
shows that the change in electron energy distribution functions (EEDF) has
taken place for a low gas flow rate only. After the gas flow rate goes above
a certain limit, the EEDF remains constant. At the same time the density of
argon metastable atoms are changed with the gas flow rate. Overall,
analysis of the spectral intensities assist in the development of optimised
plasma processing parameters for treatments such as surface activation or
removal of contaminates.



The research leading to these results has received funding from the
European Union’s Seventh Framework Programme managed by REA
Research Executive Agency (FP7/2007-2013) under Grant Agreement
number 605125

10:40am  SE+EM+EN+PS+TF-MoM8  Hot ‘n Flaky: Thermal
Properties of Layered Atomic Structures, Christopher Muratore,
University of Dayton, V. Varshney, Air Force Research Laboratory/UTC,
J.J. Hu, Air Force Research Laboratory/UDRI, A4.4. Voevodin, Air Force
Research Laboratory INVITED
Synthesis capability for uniform growth of 2D materials over large areas at
lower temperatures without sacrificing their unique properties is a critical
pre-requisite for seamless integration of next-generation van der Waals
heterostructures into novel devices. We have demonstrated, for the first
time, vapor phase growth techniques for precisely controlled synthesis of
continuous, uniform molecular layers of all MoX, and WX, transition metal
dichalcogenide (TMD) compounds on diverse substrates, including
graphene, hexagonal boron nitride, highly oriented pyrolitic graphite
(HOPG), SiO,, and metal substrates over several square centimeters.
Preliminary results show MoX, and WX, transition metal dichalcogenide
materials grown in a novel ultra-high vacuum (UHV) physical vapor
deposition (PVD) process demonstrate properties identical or even superior
(e.g., electron mobilities >500 cm® V' s7) to exfoliated layers. Growth of
bi-layer MoS, on few-layer graphene with a 30% lattice mismatch and
TMD/TMD heterostructures are shown to demonstrate how natural
accommodation of stresses at 2D van der Waals interfaces has the
remarkable potential to transform the way materials selection is considered
for synthetic heterostructures, as concerns regarding lattice constant
matching can be abandoned with preference given to desired properties and
performance. Investigations relating to application of these materials in
thermoelectric device applications are presented. Thermal conductivity
values of TMD thin films were compared to bulk crystals, revealing
expected trends with mass, but a >10 fold reduction in thin film thermal
conductivity. Phonon scattering lengths at domain boundaries based on
computationally derived group velocities were consistent with the observed
film microstructure, accounting for the reduction. We also explore thermal
anisotropy in MoS, films. Measurement results are correlated with MD
simulations of thermal transport for perfect and defective MoS, crystals,
demonstrating the importance of thermal boundary scattering.

Surface Science
Room: 309 - Session SS+AS+EN-MoM

Mechanistic Insights into Surface Reactions: Catalysis,
ALD, etc.

Moderator: Falko Netzer, University of Graz, Junseok Lee,
National Energy Technology Laboratory

8:20am  SS+AS+EN-MoM1 Electron Trap or Atomic Hydrogen
Recombination Catalyst? The Role of Metals in Photocatalysis
Revisited, J.-B. Joo, R.J. Dillon, I. Lee, C.J. Bardeen, Francisco Zaera,
University of California - Riverside INVITED
The production of hydrogen from water with semiconductor photocatalysts
is often promoted by the addition of a small amount of a metal to their
surfaces. It is commonly believed that the resulting enhancement in
catalytic activity is due to a fast transfer of the excited electrons generated
by photon absorption from the semiconductor to the metal, a step that
prevents de-excitation back to the ground electronic state. Here we provide
several pieces of evidence to argue against this mechanism. An alternative
explanation is advanced where the metal acts as a catalyst for the
recombination of the hydrogen atoms made via the reduction of protons on
the surface of the semiconductor instead. New metal@TiO, yolk-shell
nanomaterials were conceived to test our hypothesis, and the preparation
and characterization of those will be discussed in this presentation as well.

9:00am  SS+AS+EN-MoM3  Atomically Resolved Observation of
Defects Catalysing Phase Transitions in an Adsorbate System, M.
Cordin, B.A.J. Lechner, S. Duerrbeck, A. Menzel, Erminald Bertel,
University of Innsbruck, Austria, J. Redinger, Vienna University of
Technology, Austria, C. Franchini, University of Vienna, Austria

First order phase transitions exhibit a nucleation barrier. Normally, the
barrier is lowered by heterogeneous nucleation at interfaces or extrinsic
defects. Homogeneous nucleation, in contrast, is strongly activated and
results in a significant hysteresis. Molecular dynamics calculations have
suggested that an important step in homogeneous nucleation involves the
formation and subsequent separation of defect pairs'~.

19

Here we report a (2x1)—c(2x2) order-order phase transition in a two-
dimensional (2D) adsorbate system (Br/Pt(110) at 0.5 monolayer coverage)
as a function of temperature®. Although an order-order phase transition is
first-order according to Landau rules, the present system exhibits strong
fluctuations within a wide temperature range (5S0K-250K). At 50 K the
fluctuations are sluggish enough to allow atomically resolved observation of
the phase conversion mechanism by temperature-variable Scanning
Tunneling Microscopy. The transition is heralded by local density
fluctuations in the adsorbate. The density variation consists of a
compression (soliton) and a dilution (anti-soliton). At the transition
temperature the two defect moieties are able to separate and travel
independently through the system, thereby converting one phase into the
other. Away from the transition temperature, separation of the defect pair
would create the “wrong” phase, thus increasing the free energy of the
system. This is equivalent to an effective attractive interaction between
soliton and anti-soliton, in close analogy to the string interaction in spin
systems®. The one-to-one correspondence can be made transparent by
introducing a pseudo-spin variable, i.e. an occupation number +/-1 assigned
to every bonding site. The defect-pair separation mechanism partially
circumvents the nucleation barrier and thus promotes fluctuations,
particularly in low-dimensional systems.

Defect-pair separation as a key step in phase transitions is a concept which
arose from the analysis of molecular dynamics calculations. To our
knowledge, the present study represents the first direct experimental
observation with atomic resolution of such a mechanism. Furthermore, it
illustrates the important role of the string interaction in suppressing
fluctuations, which is very efficient in 3D systems, weaker in 2D systems
and totally absent in 1D.

' K. Mochizuki, M. Matsumoto, and I. Ohmine, Nature 498, 350 (2013).
M. Forsblom and G. Grimvall, Nat Mater 4, 388 (2005).
3M. Cordin, B. A. J. Lechner, S. Duerrbeck, et al., Sci. Rep. 4 (2014).

* T. Giamarchi, Quantum Physics in One Dimension (Oxford University
Press, New York, 2004).

9:20am SS+AS+EN-MoM4 The Co-adsorption of Water and ammonia
on Pt(111), B.A.J. Lechner, Lawrence Berkeley National Laboratory, Y.
Kim, H. Kang, Seoul National University, Korea, Miquel Salmeron,
Lawrence Berkeley National Laboratory

Water (H,O) and ammonia (NH3) are arguably the most important inorganic
molecules in the chemical industry. Both have the ability to form hydrogen
bonds and mix readily in the liquid form. However, upon adsorption onto a
metal surface, the molecules can form fewer yet more directional hydrogen
bonds. To investigate the interaction between these two species at the
molecular level we present a scanning tunneling microscopy (STM) study
of the co-adsorption of water and ammonia on Pt(111), a substrate which
bonds both molecules strongly but does not promote their decomposition.

Prior investigations have suggested the formation of the ammonium ion,
NH,", upon adsorption of ammonia onto a water monolayer on Ru(0001)
[1], implying that the two molecules react readily when adsorbed on
transition metal surfaces. Furthermore, a theoretical study of the co-
adsorption of ammonia and water on Cu(110) proposed an intimately mixed
layer of ammonia and water as the energetically most favorable structure
(2].

Here, we present the first microscopic investigation of co-adsorbed water
and ammonia species. Upon adsorption at 4 K, ammonia and water form
disordered structures, yet as the temperature is increased the two species
segregate on the substrate. Indeed, at temperatures above 77 K, ammonia
invariably prefers to bond to the Pt surface and only adsorbs on a water film
once the monolayer is complete and no active sites remain on the substrate.
When adsorbed on the water layer, we find that ammonia bonds to the water
molecules that are lifted off the substrate due to a lattice mismatch of the
water monolayer and the Pt(111) geometry, which we believe is due to their
ability to provide a hydrogen atom for the hydrogen bond more readily than
the molecules bonded more strongly to the substrate.

[171Y. Kim, E. Moon, S. Shin, H. Kang, Angew. Chem. Int. Ed. 51, 12806
(2012).

[2] G. Jones, S. J. Jenkins, Phys. Chem. Chem. Phys. 15, 4785 (2013).

9:40am SS+AS+EN-MoM5 Thermal Decomposition of Ethylene on
Ru(001), Yuan Ren, 1. Waluyo, M. Trenary, University of Illinois at
Chicago

Ruthenium is an important catalyst in the Fischer-Tropsch process which
deals with the conversion of syngas (CO and H,) into hydrocarbons. One of
the most important aspects in the Fischer-Tropsch reaction is the chain
growth from a C,; species to longer chain hydrocarbons. It is, therefore,
important to study the chemistry of various CiH, hydrocarbon fragments on
transition metal surfaces as building blocks in the chain growth mechanism.
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Ethylidyne (CCHs) is an interesting hydrocarbon fragment that has been
studied on many surfaces as the decomposition product of ethylene.
Although the formation of ethylidyne on Ru(001) from the dehydrogenation
of ethylene has been studied using high resolution electron energy loss
spectroscopy (HREELS) and reflection absorption infrared spectroscopy
(RAIRS) in the past, there is a lack of agreement in the literature about the
mechanism of ethylene decomposition.

In this study, reflection absorption infrared spectroscopy (RAIRS) and
temperature programmed desorption (TPD) were used to characterize and
identify the surface intermediates formed in the thermal decomposition of
ethylene (C,H4) on Ru(001). Ethylene is found to adsorb to the surface in a
di-c bonded complex at 95 K and dehydrogenates to form ethylidyne
(CCHs;) above 150 K. Upon further annealing the crystal to above 300 K,
ethylidyne dehydrogenates to ethynyl (CCH). Annealing to higher than 450
K causes ethynyl to decompose to methylidyne (CH).The characterization
of surface intermediates provides us with more insights into the thermal
decomposition of ethylene on Ru(001), which is essential to reveal the
reaction mechanism.

10:00am SS+AS+EN-MoM6 Kinetics of Alkyl Species on Pt(111),
Yifeng Song, 1.A. Harrison, University of Virginia

Kinetics of Alkyl Species on Pt(111)

Yifeng Song and Ian Harrison

University of Virginia

Charlottesville, VA 22904

A heated effusive molecular beam was used to dose hot alkanes on to a
relatively cold Pt(111) surface to overcome the initial activation barrier for
dissociative chemisorption and to trap reactive intermediate species on the
surface for subsequent spectroscopic and kinetic studies. Both reflection
absorption infrared spectroscopy (RAIRS) and temperature programmed
reaction (TPR) techniques were employed, in a complimentary way, to
investigate the kinetics of alkyl fragments. Particular attention was paid to
methylidyne (-CH) decomposition kinetics, which have been proposed to be
potentially rate-limiting in catalytic steam reforming of methane according
to recent DFT calculations. Comparison between reforming kinetics of
single crystal surfaces and nanocatalysts are made. Elementary steps
including the cleavage and formation of C-H and C-C bonds within other
Cl1, C2 and C3 reactive intermediates were also studied. The experimental
findings, together with some theoretical work, provide molecularly resolved
information relevant to catalytic reforming of light alkanes.

10:40am SS+AS+EN-MoM8 C, Hydrogenation at Ambient Pressure
on Pt(111), Joel Krooswyk, M. Trenary, University of Illinois at Chicago
Carbon has been shown to be the decomposition product from catalytic
reactions involving hydrocarbons adsorbed on metal catalysts. Its presence
reduces the amount of active surface sites available during a reaction. The
decomposition products from adsorbed acetylene and ethylene on Pt(111)
are C, and C; species, respectively. A previous UHV study showed that
C,H, adsorbed on Pt(111) at 750 K immediately decomposes to mostly C,
species. H, was then coadsorbed with C, at 85 K and annealed to 400 K,
which produced ethylidyne (CCHj3), ethynyl (CCH), and methylidyne (CH)
species. None of the species were hydrogenated to ethylene or ethane, and
after annealing to 750 K, a percentage of the carbon on the surface could be
rehydrogenated after cooling the crystal to 300 K and coadsorbing H,.

In this study, the hydrogenation of C, species in 1x107 to 1 Torr of H, was
monitored with RAIRS. The species was created on Pt(111) with C,H,
adsorption at 750 K as done previously and the crystal was cooled to 300 K.
The crystal was then annealed in an ambient pressure of H,. The C, species
are hydrogenated to ethylidyne at 400 K and then to ethane at
approximately 450-500 K. This reaction is shown to be dependent on the
pressure of Hy. The results show that ethylidyne will be hydrogenated at
450 and 500 K at 1.0 and 1x107? Torr H,, respectively. To show that the C,
species are fully hydrogenated and desorbed as ethane, which indicates that
the surface is clean, CO was leaked into the cell with H,. We observe after
the 500 K anneal that the peak assigned to the CO species is similar in
intensity to one from CO adsorbed on a clean surface. This indicates that
there are no C, species remaining on the surface. Also, the peak positions of
the terminal and bridge sites are shifted, which indicates that there is a high
coverage of H atoms adsorbed on the surface.

11:00am  SS+AS+EN-MoM9 Reaction Kinetics and Mechanism
between Nitrate Radicals and Functionalized Organic Surfaces, Yafen
Zhang, J.R. Morris, Virginia Tech

Interfacial reactions of nitrate radicals (NO;) with organic surfaces play an
important role in atmospheric chemistry. To gain insight into the kinetic and
mechanic details, reactions between gas-phase nitrate radicals and model
organic surfaces have been investigated. The experimental approach
employs in situ reflection-absorption infrared spectroscopy (RAIRS) to
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monitor bond rupture and formation while a well-characterized effusive flux
of NO; impinges on the organic surface. Model surfaces are created by the
spontaneous  adsorption of either vinyl-terminated alkanethiols
(HS(CH,);sCHCH,) or hydroxyl-terminated alkanthiols (HS(CH,);sOH)
onto a polycrystalline gold substrate. The H,C=CH-terminated self-
assembled monolayers (SAMs) provide a well-defined surface with the
double bond positioned precisely at the gas-surface interface. The surface
reaction kinetics obtained from RAIRS revealed that the consumption rate
of the terminal vinyl groups is nearly identical to the formation rate of a
surface-bound nitrate species and implies that the mechanism is one of
direct addition to the vinyl group rather than hydrogen abstraction. Upon
nitrate radical collisions with the surface, the initial reaction probability for
consumption of carbon-carbon double bonds was determined to be (2.3 +
0.5) X 10°. This rate is approximately two orders of magnitude greater than
the rate of ozone reactions on the same surface, which suggests that
oxidation of surface-bound vinyl groups by nighttime nitrate radicals may
play an important role in atmospheric chemistry despite their relatively low
concentration. In addition to studies involving the H,C=CH-terminated
SAMs, we have probed the reaction dynamics of NO; on HO-terminated
SAMs. These experiments have revealed that the polarity of the terminal
group has a large effect on the interfacial reaction rates. For the HO-
terminated SAMs, the initial reaction probability was determined to be (5.5
£ 0.6) X 10° and the reaction mechanism appears to involve efficient
hydrogen abstraction at the methylene group adjacent to hydroxyl terminus.

11:20am SS+AS+EN-MoM10 Oxide Growth Kinetics at Sio2/si(001)
Interfaces Induced by Rapid Temperature Raising, Shuichi Ogawa, J.
Tang, Tohoku University, Japan, A. Yoshigoe, JAEA, Japan, K. Nishimoto,
Tohoku University, Japan, S. Ishidzuka, Akita Nat. Col. Technol., Japan, Y.
Teraoka, JAEA, Japan, Y. Takakuwa, Tohoku University, Japan

Thermal oxidation of Si is widely used in the fabrication of electric devices
and MEMS. In the recent process, rapid thermal annealing (RTA) is used in
a thermal oxidation process. In the RTA process, the temperature changes
during the oxidation, but the temperature changing effects in the oxidation
rate have not been cleared yet. In this study, the dependence of interface
oxidation kinetics on the temperature was investigated by real-time RHEED
combined with AES to measure the oxide growth rate. Based on the
activation energy and pre-exponential factor of the interface oxidation at
Si0,/Si(001) interface, the rate-limiting reaction of the interface oxidation is
discussed.

The oxidation experiments were performed with an apparatus equipped with
facilities of RHEED combined with AES (Tohoku Univ.), and chemical
bonding states including not only suboxide components but also strained Si
atoms were investigated XPS at BL23SU, SPring-8. The clean Si(001)
surfaces were oxidized by dry O, gas at initial temperature 7;. When the
clean surfaces were completely oxidized, the temperature was rised from 7;
to 7». T} was changed between room temperature (RT) and 561 °C.

When temperature was rised from 77 to 75, the interface oxidation is
enhanced. The initial oxidation rate after rising temperature k, is discussed
in this study. The &, strongly correlates to the difference of 7 and 7». The
Arrhenius equations between k, and 7, are obtained in various 7;. As the
result, activation energy is obtained as 0.27 eV in good agreement with the
previous experimental result[1] and theoretical study[2]. In addition, it is
found that activation energy is independent from 7;. On the other hand, pre-
exponential factor decreases with increasing 7, decreasing by about one
order when T increases from RT to 561 °C. In the XPS results, the Si*"
component increases and suboxide components and strained Si components
(Si* and Si*)[3] decrease with temperature elevation from 300 to 600 °C.

Based on these results, we propose the reaction between point defects
(emitted Si atoms and its vacancies) generated by the oxidation-induced
strain and O, molecules as the rate-limiting reaction of the interface
oxidation.

[1] H. Watanabe et al., Phys. Rev. Lett. 80 (1998) 345.
[2] H. Kageshima et al, Jpn. J. Appl. Phys. 45 (2006) 7672.
[3]S. Ogawa et al., Jpn. J. Appl. Phys. 52 (2013) 110128.

11:40am  SS+AS+EN-MoM11  Electron Beam Induced Surface
Reactions of Adsorbed m-allyl Ruthenium Tricarbonyl Bromide:
Towards the Design of Precursors Specifically for Electron Beam
Induced Deposition, Julie Spencer, Johns Hopkins University, R.G.
Thorman, University of Iceland, M.S. Barclay, Johns Hopkins University,
J.A. Brannaka, University of Florida, O. Ingolfsson, University of Iceland,
L. McElwee-White, University of Florida, D.H. Fairbrother, Johns Hopkins
University

This surface science study focuses on elucidating the electron stimulated
elementary reactions involved in Electron Beam Induced Deposition
(EBID) of m-allyl ruthenium tricarbonyl bromide (n-C;HsRu(CO);Br), an
organometallic precursor synthesized specifically to test its suitability as an



EBID precursor. EBID is a minimally invasive, resistless lithographic
process which uses the electron stimulated decomposition of volatile
organometallics under low vacuum conditions to fabricate and prototype
three-dimensional metallic nanostructures. To date, EBID of nanostructures
has used precursors designed for thermal processes, such as chemical vapor
deposition (CVD). However, precursors that yield pure metal deposits in
CVD often create EBID deposits with high levels of organic contamination
which severely limits the range of potential applications for EBID
nanostructures, highlighting the need to better understand how the structure
of organometallics influences their electron stimulated reactions. To address
this knowledge gap we have conducted ultra-high vacuum (UHV) surface
science studies to probe the effects of 500eV electrons on nanometer scale
films of organometallics adsorbed on inert substrates at low temperatures
using X-ray Photoelectron Spectrometry and Mass spectrometry. Recently,
we have collaborated with synthetic organometallic chemists to study
organometallic complexes not designed for CVD to test specific hypotheses
about how the EBID process occurs; the first example of this new
collaboration is m-allyl ruthenium tricarbonyl bromide (n-C3HsRu(CO);Br).
Experimental results indicate that electron stimulated decomposition of n-
C;H;sRu(CO);Br causes the central Ru atom to become reduced and in the
process causes the vast majority of the carbonyl ligands to be ejected into
the gas phase, with no loss of Br or the carbon atoms in the z-allyl ligand. A
parallel study of n-C;HsRu(CO);Cl indicated that the identity of the halogen
does not affect the decomposition process. However, although halogen
atoms are not labile in the initial decomposition step, they can be removed
by a slower electron stimulated desorption process at higher electron fluxes
more representative of those encountered in typical EBID experiments
which are conducted in electron microscopes. Collectively, these results
suggest that organometallic precursors whose ligand architecture contains a
combination of carbonyl and halogen ligands could be used to create EBID
deposits with higher metal contents than are currently possible. To test this
hypothesis we will also present results on the behavior of cis-
dicarbonyldichloro platinum(II), cis-PtCL,(CO)s,.

Surface Science
Room: 315 - Session SS+EN-MoM

Photocatalysis and Photochemistry at Surfaces
Moderator: Andrew Gellman, Carnegie Mellon University,
Bruce Koel, Princeton University

8:20am SS+EN-MoM1 Reaction Chemistry at Surfaces of Hematite-
Based Photoelectrocatalysts, P. Zhao, C. Kronawitter, Bruce Koel,
Princeton University

Hematite (a-Fe,0;)-based photoanodes are promising materials for
photoelectrochemical hydrogen generation. We report on fundamental
studies of surface structure and reaction chemistry associated with the
heterogeneous oxidation of water on such materials by applying a classical
surface science approach. We have characterized the structure and
properties of Ni-doped and mixed-oxide hematite surfaces formed by vapor
deposition under controlled conditions utilizing a range of techniques for
surface analysis. The structure of Ni-modified thin films of a-Fe,O; model
catalysts with different morphology and geometry was characterized by
LEED and STM. Then, water adsorption and reaction were studied by TPD,
XPS, UPS, and vibrational spectroscopy by HREELS, characterizing the
influence of Ni-modification on thermal and photochemical reaction
mechanisms. Ni doping is found to be associated with a new termination for
the a-Fe,03(0001) film. Water TPD shows that Ni doping induces new
surface chemistry, as revealed by a new, higher temperature OH
recombination desorption peak, which is due to more stable surface-bound
OH groups as identified by UPS. These surface-science type experiments
were combined with photoelectrochemical water oxidation measurements
on photoanodes prepared by thin-film and nano-materials synthesis to
elucidate new information on the surface phases of hematite-based
photoanodes and about their specific stability and reactivity toward
photoelectrochemical water splitting.

This work was supported by the Addy/ISN North American Low Carbon
Emission Energy Self-Sufficiency Fund of the Andlinger Center for Energy
and the Environment (ACEE) and by the Grand Challenges Program at
Princeton University.

8:40am SS+EN-MoM2 Infrared Reflection-Absorption Spectroscopy
Study of Adsorption and Photo-Decomposition of Formic Acid on
Reduced and Defective Rutile TiO, (110) Surfaces, Andreas Mattsson, L.
Osterlund, Uppsala University, Sweden

Adsorption and photo-decomposition of formic acid on rutile TiO,(110)
have been investigated with infrared reflection-absorption spectroscopy
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(IRRAS) employing p- and s-polarized light along the [001] and [1-10]
crystal directions. The single crystal surfaces were prepared either by
sputtering and annealing in ultra-high vacuum (UHV) to obtain a reduced
surface (r-Ti0,), or by sputtering alone to create a rough, highly defective
surface (sp-TiO,). Results are compared with corresponding measurements
in synthetic air on rutile nanocrystals performed. IRRAS spectra obtained
on r-TiO, and rutile nanocrystals are very similar (Fig. S1), and show that in
both cases formic acid dissociates and is predominately adsorbed as a
bridging bidentate formate species,' demonstrating that the adsorption
structure on the nanocrystals is determined by interactions with majority
(110) surfaces. In contrast, the IRRAS spectra on sp-TiO, are different (Fig.
S1), with only minor spectral features associated with (110) surfaces, which
can be explained by changed adsorption geometry due to bonding to low-
coordinated Ti** atoms. IRRAS measurements in UHV on thin nanoporous
rutile films, made by reactive DC sputtering, were performed to compare
the adsorption geometry of formate with that for single crystal surfaces and
nanoparticles. The UV-induced rate of formate photo-decomposition is
about 30 times higher on rutile nanocrystals in synthetic air compared with
sp-TiO, under UHV conditions, and even larger than on r-Ti0,.2 These
differences are explained by the lack of oxygen and limited hydroxyl
coverage under UHV conditions (thus quenching electron scavenging by
adsorbed O, and lowering OH radical formation), and by strong bonding of
formate on (110) surfaces which lowers the reactivity on r-TiO, further. Our
results suggest that surface reaction studies of formic acid conducted at
elevated pressures on rutile nanocrystals can be accurately modelled with
single crystal studies conducted in UHV.

' A. Mattsson, S-L. Hu, K, Hermansson, L. Osterlund, Journal of Chemical
Physics 140 (2014) 034705

2 L. Osterlund, Solid State Phenomena 162 (2010) 203-219

9:00am SS+EN-MoM3 Molecular Beam Epitaxy of Highly
Mismatched GaN Alloys with GaAs, GaSb and GaBi for Potential
Water Splitting and Other Solar Energy Conversion Applications,
Sergei Novikov, University of Nottingham, UK, K.M. Yu, Lawrence
Berkeley National Laboratory, W.L. Sarney, US Army Research
Laboratory, Z. Liliental-Weber, Lawrence Berkeley National Laboratory,
R.W. Martin, University of Strathclyde, UK, S.P. Svensson, US Army
Research Laboratory, W. Walukiewicz, Lawrence Berkeley National
Laboratory, C.T. Foxon, University of Nottingham, UK INVITED
We have grown GaN layers alloyed with GaAs, GaSb and GaBi compounds
using plasma-assisted molecular beam epitaxy (PA-MBE) and extensively
characterized their structural, optical and electrical properties.

Electronic band structures of these so-called highly mismatched alloys
(HMAs) are described by the band anticrossing (BAC) model which
predicts that the alloys should exhibit a wide range of direct energy gaps.
We have shown previously that the energy gap of GaN;Asy alloys varies
from 0.7eV to 3.4eV. An even larger modification of the band structures is
anticipated for more extremely mismatched GaN;Sb, and GaN,Biy alloys.
The large band gap range and controllable conduction and valence band
edge positions makes the HMAs promising materials for efficient solar
energy conversion devices. For example, these HMAs may be suitable for
solar water splitting applications for hydrogen production. As efficient
photoelectrodes, the bandgap of the semiconductor must be >2 eV to induce
electrochemical decomposition of water but still small enough to absorb a
significant portion of the solar spectrum. In addition the band edges must
also straddle the H,O redox potentials.

At dilute doping levels, substitutions of As, Sb and Bi into the N sublattice
results in formation of localized energy levels above the valence band in
GaN. Our measurements on GaN doped with As and Sb have demonstrated
that the As and the Sb impurity levels lie at about 0.7¢V and 1.2eV above
the valence band edge of GaN, respectively.

The BAC model predicts that at a higher concentration of the group V
elements the interaction of the impurity levels with the extended states of
the valence band leads to formation of an impurity-derived, fully occupied
narrow band that plays a role of the new valence band edge. This results in
an abrupt upward shift of the valence band edge and a reduction of the
optical gap of the HMAs. We have achieved the enhanced incorporation of
As, Sb and Bi by growing the layers at extremely low temperatures (down
to about 100°C). Although the layers become amorphous for high As, Sb
and Bi content, the measured composition dependence of the optical
absorption edge are consistent with the predictions of the BAC model,
indicating that the amorphous HMAs samples have a short-range order
resembling random crystalline alloys. The large band gap range and
controllable positions of the conduction and valence bands make these
HMAs promising materials for efficient solar energy conversion devices.
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9:40am SS+EN-MoMS5 Photochemistry of Acetone on Reduced Rutile
TiO,(110), Nikolay Petrik, M.A. Henderson, G.A. Kimmel, Pacific
Northwest National Laboratory

TiO, is an important photocatalyst with many practical applications.
However, fundamental understanding of thermal and non-thermal reactions
on TiO, surfaces is still lacking. We have investigated the ultraviolet (UV)
photon-stimulated reactions acetone and oxygen adsorbed on reduced rutile
TiO,(110). Previous research suggests that a thermal reaction between
acetone and chemisorbed oxygen forms acetone diolate — a photochemically
active product.! During UV irradiation, a methyl radical is ejected leaving
acetate on the surface. Using infrared reflection absorption spectroscopy,
we have identified the acetone diolate, which degrades during UV
irradiation forming a new product. We have also measured the angular
distribution of the photodesorbing methyl radicals, which is consistent with
their ejection from the acetone diolate. Specifically, a peak in the
distribution near ~60° to the surface normal is detected in the plane
perpendicular to the BBO rows. However, we have also observed a second
channel for photo-ejection of methyl radical for larger acetone:O, ratios. It
manifests itself with a photodesorption peak normal to the surface and
slower signal decay kinetics. These studies provide new insights into
mechanisms responsible for the photochemistry of small molecules on TiO,
and other oxide surfaces. This work was supported by the US Department
of Energy, Office of Basic Energy Sciences, Division of Chemical Sciences,
Geosciences & Biosciences. The work was performed using EMSL, a
national scientific user facility sponsored by the Department of Energy's
Office of Biological and Environmental Research and located at Pacific
Northwest National Laboratory (PNNL) . PNNL is a multiprogram national
laboratory operated for DOE by Battelle under Contract DE-ACO05-
76RL01830 .

(1) Henderson, M. A. Relationship of O, Photodesorption in Photooxidation
of Acetone on TiO, . J. Phys. Chem. C, 2008 ,112, 11433-11440.

10:00am  SS+EN-MoM6 STM Spectroscopic Studies of TMAA
Photocatalysis on TiO,, Denis Potapenko, Z. Li, R.M. Osgood, Columbia
University

Titanium oxide is a versatile photocatalytic material and it has been the
subject of much research throughout the last two decades. Scanning
Tunneling Microscopy (STM) allows explorations on the single molecule
basis thus providing important insight into the physical phenomena
involved in photocatalysis. Our experiments examine the tip-induced
chemistry of tri-methyl acetic acid (TMAA) molecules adsorbed on TiO,
rutile(110) surface;this systems was chosen as a model for light-driven
catalysis since it is easily imaged with STM and since this system has been
the subject of many earlier studies of photo and thermal chemistry. In the
present work we combine three methods of initiation of surface chemistry:
a) excitation of charge carriers in bulk TiO, with monochromated light from
a UV-vis lamp, b) injection of the charge carriers from the STM tip directly
into an adsorbed molecule, and c) injection of hot carriers into the substrate
from the STM tip. In the latter case the surface reactions are initiated in the
vicinity of the injection point by the electrical charges diffusing in the bulk
of TiO,, thus giving a unique insight into the charge dynamics. We show
that there is a threshold energy for a hot hole below the edge of the TiO,
valence band that is required for TMAA photo-decomposition.

11:00am SS+EN-MoM9 Photoluminescence Response of p-GalnP,
Photocathodes to Vapor and Solution Ambients, James Young,
University of Colorado, Boulder, H. Doscher, T.G. Deutsch, J.A. Turner,
National Renewable Energy Laboratory, S.M. George, University of
Colorado, Boulder

1II-V photoelectrochemical (PEC) devices have achieved high solar-to-
hydrogen water splitting efficiencies but corrosion greatly limits their
operating lifetime. A dynamic three-phase semiconductor-electrolyte-
hydrogen (oxygen) system exists at a photocathode (photoanode) surface
during operation. Understanding the interaction of water, hydrogen, and
oxygen with III-V surfaces is critical to optimizing device performance and
applying corrosion-resistant surface modifications. In this work, we use
photoluminescence (PL) to probe the surface response of p-type GalnP, to
several gas and solution ambients in-situ. X-ray photoelectron spectroscopy
and photoelectrochemical techniques are used to characterize surface
changes ex-situ. Pretreating p-GalnP, with sulfuric acid removes surface
oxide and doubles p-GalnP, band-to-band PL yield when measured in air.
Measurements in vacuum show that PL of pretreated samples increases
reversibly with adsorption isotherm dependence on water vapor at partial
pressures below 2 Torr while samples without the pretreatment show no PL
response to water vapor. A comparison of water to other vapor phase
ambients suggests that PL response increases with the dipole strength and
involves dissociative adsorption. In oxygen ambient, the PL decays
irreversibly which we attribute to photo-oxidation of the p-GalnP, surface.
We will also present results from measurements in hydrogen ambient and
PL measurements and monitoring in electrolyte solutions with a discussion

Monday Morning, November 10, 2014

22

of their relevance to PEC device performance and usefulness in

characterizing corrosion resistant surface modifications.

Thin Film
Room: 305 - Session TF+PS+SE-MoM

Advanced PVD Methods
Moderator: Subhadra Gupta, University of Alabama

9:00am TF+PS+SE-MoM3 Ternary and Quaternary Thin Layers
Deposited by Magnetron Sputtering, Marie-Paule Besland, J. Tranchant,
E. Janod, C. Benoit, L. Cario, P.Y. Jouan, M. Carette, A. Lafond, Institut
des Matériaux Jean Rouxel — Université de Nantes, France, R. Meunier, S.
Fabert, Institut des Matériaux Jean Rouxel — Universit¢ de Nantes and
Crosslux, France, P.Y. Thoulon, M. Ricci, Crosslux Company, France

Developing new functionalities mainly depend on the use of new functional
material. Nevertheless, prior to envision any development of functional
materials towards devices, two major challenges have to be tackled. The
former one is to obtain thin layers of active and functional materials. The
second challenge is to recover the functional properties on thin layers. For
several decades, magnetron sputtering is a widely used deposition technique
in microelectronics. Moreover, magnetron sputtering enables to deposit
well-crystallized film of insulating or conducting materials, at low
temperatures, over large areas, while controlling the film composition and
microstructure, even for complex and multi-component materials. Thus, on
the basis of well established know-how in deposition process and multi-
layered functional structures [1], the deposition of GaV,Sg material in the
form of thin layers has been investigated by both non-reactive RF
magnetron sputtering and reactive process in Ar/H,S mixture [2]. While the
functionality (Resistive switching =RS) was first evidenced on single
crystals, our studies demonstrated that metal-insulator-metal (MIM)
structures based on GaV,Ss thin layers, deposited by magnetron sputtering,
exhibit as well a similar RS [3]. More recently, we focus on the historical
chalcogenide absorber for solar cells: CIGSe. We developed a dedicated
and home-designed vacuum chamber for CIGSe thin films deposition using
“one step sputtering”. In that study, CIGSe thin films were deposited on
SLG/Mo substrates by RF magnetron sputtering and then ex-situ annealed
under controlled atmosphere. Deposition and annealing parameters can
modify both chemical composition and structural properties. In particular,
different preferential crystalline orientation may be induced and can modify
functional properties in a large extend. Finally, the performances of CIGSe
solar cell completely realized by magnetron sputtering technique will be
compared to published efficiency values in the 8.9- 10.5 % range [5].

1- C. Duquenne et al. J. Appl. Phys. 104 (2008) 063301; M.P. Besland et al.
Thin Solid Films 495 (2006) 86.

2- E. Souchier et al. Thin Solid Films 533 (2013) 54 ; J. Tranchant et al. J.
Phys. D: Appl. Phys. 47 (2014) 065309.

3-J. Tranchant et al. Thin Solid Films 533 (2013) 61.

4-J. A. Frantz et al. Thin Solid Films 519 (2011) 776; A.J. Zhou et al. Thin
Solid Films 520 (2012) 6068.

5- C. Chen et al. Solar Energy Materials & Solar Cells 103 (2012) 25; Thin
Solid Films 535, (2013) 122.

9:20am  TF+PS+SE-MoM4  Molecular Dynamics Simulations of
TiN/TiN(001) Growth, Daniel Edstrom, D.G. Sangiovanni, V. Chirita, L.
Hultman, Linkoping University, Sweden, IG. Petrov, J.E. Greene,
University of Illinois at Urbana Champaign

The Modified Embedded Atom Method (MEAM) interatomic potential
within the classical Molecular Dynamics (MD) framework enables realistic,
large-scale simulations of important model materials such as TiN. As a step
toward s understanding atomistic processes controlling the growth of TiN
on a fundamental level, we perform large-scale simulations of
TiN/TiN(001) deposition using a TiN MEAM parameterization which
reproduces experimentally-observed surface diffusion trends, correctly
accounts for Ehrlich barriers at island step edges [1], [2], and has been
shown to give results in excellent qualitative and good quantitative
agreement with Ab Initio MD based on Density Functional Theory (DFT)
[31, [4]. Half a monolayer of TiN is deposited on 100x100 atom TiN(001)
substrates at a rate of 1 Ti atom per 50 ps, resulting in simulation times of
125 ns. The TiN substrate is maintained at a typical epitaxial growth
temperature, 1200 K during deposition using Ti:N flux ratios of 1:1 and 1:4
with incident atom energies of 2 and 20 eV to probe the effects of N, partial
pressure and substrate bias on TiN(001) growth modes. We observe
nucleation of Ti,N, molecules; N, desorption; the formation, growth and
coalescence of mixed <100>, <110>, and <111> faceted islands; as well as
intra- and interlayer mass transport mechanisms. For equal flux ratios at 2



eV incidence energy, islands begin to form atop existing islands at
coverages = 0.25 ML, leading to 2D multilayer growth. At 20 eV, the film
growth mode shifts toward layer-by-layer growth. We discuss the
implications of these results on thin film growth and process tailoring. Our
classical MD predictions are supported and complemented by DFT-MD
simulations.

[1] D. G. Sangiovanni, D. Edstrom, L. Hultman, V. Chirita, 1. Petrov, and J.
E. Greene, “Dynamics of Ti, N, and TiNx (x=1-3) admolecule transport on
TiN(001) surfaces,” Phys. Rev. B, vol. 86, no. 15, p. 155443, Oct. 2012.

[2] D. Edstrom, D. G. Sangiovanni, L. Hultman, V. Chirita, I. Petrov, and J.
E. Greene, “Ti and N adatom descent pathways to the terrace from atop
two-dimensional TiN/TiN(001) islands,” Thin Solid Films, vol. 558, pp. 37—
46, May 2014.

[3] D. G. Sangiovanni, D. Edstrom, L. Hultman, I. Petrov, J. E. Greene, and
V. Chirita, “Ab initio and classical molecular dynamics simulations of N2
desorption from TiN(001) surfaces,” Surf. Sci., vol. 624, pp. 25-31, Jun.
2014.

[4] D. G. Sangiovanni, D. Edstrom, L. Hultman, 1. Petrov, J. E. Greene, and
V. Chirita, “Ti adatom diffusion on TiN(001): Ab initio and classical
molecular dynamics simulations,” Surf. Sci (In  Press). doi:
10.1016/j.susc.2014.04.007

9:40am  TF+PS+SE-MoMS5S  Surface Chemistry of Pd and Ag
Interaction with 3C-SiC Thin Films Deposited on Si(111) by Pulsed
Laser Depositon, Rachel Seibert, D. Velazquez, J. Terry, llinois Institute
of Technology, K.A. Terrani, C. Baldwin, F. Montgomery, K. Leonard, J.
Hunn, P. Schuck, R. Stoller, Oak Ridge National Laboratory, S. Saddow,
University of South Florida

The surface interactions of nuclear fission products with the barrier SiC
layer of Tri-Structural Isotropic (TRISO) coated fuel particles limit fuel cell
performance. In particular, Pd and Ag reduce the structural integrity of SiC.
An understanding of the reaction mechanisms and kinetics of these
interactions under normal operation as well as accident conditions is critical
for the development of advanced nuclear reactors, but currently is not well
understood. This surface chemistry is examined both in spent TRISO fuel
on SiC/Si(111) thin films and compared to theoretical calculations done by
Schuck and Stoller at Oak Ridge National Laboratory [1]. Synchrotron
extended X-ray absorption fine structure (EXAFS) spectroscopy
measurements were conducted on the irradiated TRISO fuel pellet to
characterize atomic interactions at the Pd K-edge ( 24350 eV). The thin
films were grown epitaxially via pulsed laser deposition (PLD), as
evidenced by reflection high energy electron diffraction (RHEED) patterns.
Pd and Ag were deposited on separate SiC/Si(111) films in thickness
increments from 0.5-5 monolayers. The chemical structure of the thin films
is analyzed using X-ray photoelectron spectroscopy (XPS).

[1] Schuck, P.C. and R.E. Stoller, 4b initio study of the adsorption,
migration, clustering, and reaction of palladium on the surface of silicon
carbide. Phys. Rev. B 83, (2011)

10:00am TF+PS+SE-MoM6 High Thermal Stability Nanocrystalline
Gold, Part I, Ronald Goeke, N. Argibay, J.E. Mogonye, K.M. Hattar, S.V.
Prasad, Sandia National Laboratories

Gold coatings that are ideally suited for low electrical contact resistance
(ECR) applications are mechanically soft and exhibit unacceptable amounts
of adhesion and friction. To mitigate these problems gold for ECR
applications is typically alloyed with Ni, Co or Fe which increases the film
hardness and wear resistance. A key limitation of hard gold coatings is the
propensity for the non-noble alloying metal species to diffuse to the surface
and form non-conductive oxide films that can severely impact the electrical
contact behavior. These traditional hard gold films, which are fabricated via
electro-deposition, have been limited to electrochemical compatible
materials. Using co-deposition of Au-ZnO by electron beam evaporation we
have eliminated the electrochemical material limitations and synthesized a
new class of hard gold thin films. The ceramic phase is used to strengthen
the composite via grain refinement. The resulting nanocrystalline gold thin
film can replace typical hard gold films and exhibits enhanced thermal
stability as the refractory ceramic phase is kinetically limited and has no
oxidative potential for migration to the surface. The synthesis,
characterization, and thermal stability against grain sintering will be
discussed.

Sandia National Laboratories is a multi-program laboratory managed and
operated by Sandia Corporation, a wholly owned subsidiary of Lockheed
Martin Corporation, for the U.S. Department of Energy's National Nuclear
Security Administration under contract DE-AC04-94AL85000.
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10:40am TF+PS+SE-MoM8 High Thermal Stability Nanocrystalline
Gold Thin Films, Part II, Nicolas Argibay, J.E. Mogonye, R.S. Goeke,
K.M. Hattar, M.T. Dugger, S.V. Prasad, Sandia National Laboratories

In the second part we present the result of investigations of the bulk
transport properties, thermal and mechanical stability, and mechanical
properties of electron beam codeposited Au-ZnO as a function of
composition and temperature (up to a homologous temperature of 0.5). A
high throughput method for determining the average grain size in
electrically conductive metal-ceramic thin films will be presented, founded
on a correlation between grain boundary density and electrical resistivity
(Mayadas-Shatzkes and Sondheimer-Fuchs models), and compared to
microstructural characterization using backscatter and transmission electron
diffraction, SEM, and XPS.

Sandia National Laboratories is a multi-program laboratory managed and
operated by Sandia Corporation, a wholly owned subsidiary of Lockheed
Martin Corporation, for the U.S. Department of Energy's National Nuclear
Security Administration under contract DE-AC04-94AL85000.

11:00am TF+PS+SE-MoM9 Growth and Phase Stability of Zirconium
Diboride Thin Films, David Stewart, D.J. Frankel, R.J. Lad, University of
Maine

Zirconium diboride (ZrB,) has metallic-like electrical and thermal
conductivities up to its melting point of 3246°C and is also thermal shock
resistant, making it an excellent material for use in harsh, high temperature
environments. Presently, much of the literature on boride materials concerns
bulk, sintered materials, and less is known about ZrB, thin films. Here we
demonstrate the growth of ZrB, thin films by e-beam co-evaporation of
elemental Zr and B sources on sapphire, silicon, and silica substrates. Films
were deposited over a range of Zr:B compositions and were characterized
before and after annealing up to 1000°C in air or under vacuum (10-8 Torr).
Scanning electron microscopy and X-ray photoelectron spectroscopy (XPS)
indicated that as-deposited films are homogeneous, with a smooth
morphology and covalent bonding character. X-ray diffraction (XRD)
revealed that films deposited at temperatures from ambient to 600°C are
typically amorphous, and annealing in vacuum up to 1000°C can cause the
formation of a ZrB, crystalline phase that coexists with an amorphous
matrix, depending on the Zr:B ratio. Films annealed in air as low as 800°C
become heavily oxidized and boron-depleted, leaving behind a monoclinic
ZrO, polycrystalline film. XPS depth profiles suggest the formation of a
boron oxide phase in air that evaporates from the surface at high
temperatures, consistent with surface oxidation behavior reported for bulk
ZrB, materials. Electrical conductivities of as-deposited films, measured
with a 4-point probe, range from 0.3 — 8.3 x 10° S/m depending on the Zr:B
ratio, and the films retain their conductive nature after vacuum annealing.
The ZrB, crystalline phases exhibit a preferred (100) crystallographic
texture, and valence band XPS measurements confirm the existence of
hybridized B2p-Zr4d bonding states. Understanding the high temperature
stability of ZrB, films is important for developing it as a potentially stable
conducting film for electronic device applications in harsh environments.

11:20am  TF+PS+SE-MoM10 Thickness Dependence of High
Frequency Magnetic Properties for Thin Films of Iron-Gallium-Boron,
Colin Rementer, Y. Kim, J.P. Chang, University of California at Los
Angeles

Iron gallium boron, i.e. (FegGay)Bix or FeGaB, is a material of
considerable interest for high frequency, multiferroic applications. Lou et
al. discovered that the addition of boron to the magnetostrictive material
Galfenol (FegyGayy or FeGa) led to a decrease in coercivity (~1 Oe),
decrease in ferromagnetic resonance (FMR) linewidth (~20 Oe) at X band,
and an increase in piezomagnetic coefficient (~7 ppm/Oe). The physical
properties were optimized in (FesyGayg)ssBi, with ~100 nm thickness (Lou,
J. et al. 2007). The material has been incorporated into several multiferroic
systems with great success ( Lou, J. et al. 2009). It is a material of great
interest for integration into various multiferroic antenna systems. To have a
better understanding of the material, a more thorough study on the
fundamental properties of the material at different thicknesses is needed, as
well as how that thickness can affect the tunability of resonant frequency
and magnetoelectric coupling in multiferroic heterostructures when
incorporated with ferroelectric single crystals.

FeGaB was grown via co-sputtering of FegyGa,y and boron targets via DC
magnetron and RF magnetron sputtering, respectively. The FeGa target was
held at 60 W and the boron power was adjusted to tune the boron
concentration, from 9 - 18%. FeGaB films were grown with thicknesses
ranging from 30 nm — 500 nm, and a growth rate of 7 nm/min was achieved.
The coercivity and saturation magnetization of the FeGaB films decreased
(~10 Oe), and increased (1200 emu/cc), respectively, with decreasing
thickness (30 nm). Ferromagnetic resonance (FMR) linewidth was
measured at X band (9.6 GHz), and it was found that it narrowed to 140 Oe
with decreasing thickness at 30 nm. Both Fe;sGa,s and FegGanBs were
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shown to be magnetoelastic, having magnetostriction constants of around
30 ppm and 60 ppm, respectively. The magnetic properties of FeGaB are
being optimized to the properties measure by Lou et al. to ensure the rigor
of the thickness dependence study (Lou, J. et al. 2007). The effect of
inducing stronger in-plane anisotropy in the FeGaB films was investigated
via an in situ magnetic field applied during deposition, and post-deposited
magnetic annealing is being explored as a function of thickness.

11:40am TF+PS+SE-MoM11 Optimizing Magnetic Confinement for
High Productivity PVD System Linear Scanning Magnetron, V.
Kudriavtsev, Robert Norris, T. Bluck, I. Latchford, Intevac, Inc.

High productivity vacuum PVD system cost of ownership is very sensitive
to sputtering target utilization. In this paper we discuss magnetic array
design methodology that is required to achieve excellent plasma
confinement that can lead to most uniform target erosion both magnetic and
nonmagnetic targets. Design trade-offs are more challenging when using
highly magnetic target materials, such as Nickel. These materials have
lower PTF (pass through flux) and also affect magnetic field in all
directions. Stronger magnets allow the fields to penetrate magnetic target
material and judicious design process allows minimizing negative effects of
field shunting.

First we develop static magnetic simulations model; magnetic properties are
assigned to magnets, magnetic materials and also properties to nonmagnetic
elements. Resulting computations are presented in a form of magnetic field
component and Bz component on the surface of the target or in the vicinity
of that surface. The magnetic track is determined by searching for locations
where perpendicular component of magnetic field Bz=0 and we review
variations in Bx and By along this track. Magnetic field characteristics are
studied at various distances from magnets, sizing the magnetic array
configuration, magnet dimensions, and their polarity for a selected
objective. Usually this objective is to provide certain field strength at
certain distance away from magnets. One can increase the strength of N or S
polarity in the array, creating balanced or unbalanced magnetron
configuration, that affect maximum field strength, erosion profile and
erosion in the middle of the target where the absolute value of magnetic
field reaches a maximum. Magnetic field characteristics are extracted from
the erosion track profile and theoretical erosion profile is calculated
resulting from the current array design. These profiles allow estimation of
the “static” target utilization and if necessary to create optimization cycle
where magnetic characteristics of the design (parameters) are
computationally changed to reach desired erosion profile. Once the final
computer design is selected, engineers build the first prototype of magnetic
array and evaluate its magnetic properties using a 2d magnetic scanner that
provide B, Bx, By, Bz components of magnetic field in plane on a distance
from magpack. The next step of the analysis utilizes experimentally
extracted magnetic field (or previously computed theoretical magnetic field)
to estimate resulting 2D erosion profile that is due to the magnet non-
uniform and non-linear motion. Finally, using the ray tracing method we
perform film uniformity analysis for a substrate of given size which is
located on a defined distance away from the sputtering target. That analysis
is transient and factors in substrate nonlinear motion. Resulting film
uniformity is estimated as a superposition of multiple substrate positions as
it moves under the target.

Thin Film
Room: 307 - Session TF+PS-MoM

Atmospheric, Roll-to-Roll and other Manufacturing
Advances in ALD
Moderator: Paul Poodt, Holst Centre / TNO

8:20am TF+PS-MoM1 Barrier Properties of Plastic Films Coated with
ALO; by Roll-to-Roll ALD, Charles Dezelah, Picosun USA, LLC, T.
Hirvikorpi, R. Laine, W.-M. Li, Picosun Oy, Finland, M. Vdhd-Nissi, E.
Salo, VTT Technical Research Centre of Finland, V. Kilpi, S. Lindfors,
Picosun Oy, Finland, J. Vartiainen, E. Kenttd, J. Nikkola, A. Harlin, VTT
Technical Research Centre of Finland, J. Kostamo, Picosun Oy, Finland
INVITED
Atomic layer deposited (ALD) ALO; has proven to be effective in
enhancing the moisture and gas barrier properties of various plastic films
and coatings [1-3]. The key challenge in several applications is to find a
flexible, reliable, and cost efficient means to protect sensitive goods from
ambient atmosphere. In this presentation we describe the first deposition
trials on plastic films with a new PICOSUN™ roll-to-roll (R2R) chamber.
This study demonstrated that a thin ALO; layer deposited with this
continuous process enhances the barrier performance of these materials with
results similar to those obtained in a non-R2R batch processing module.
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Silicon wafers, cellophane, polylactic acid, and polyimide film substrates
were coated with AL,O5 at 100 °C using both a batch PICOSUN™ reactor
and a test setup for a R2R ALD fit to the same reactor. The precursors were
trimethyl aluminum and H,O, and 500 deposition cycles were used. The
AL O5 deposited samples were characterized for their barrier and surface
characteristics. The deposition rate of Al,O; on silicon wafer was similar for
the batch and the R2R ALD processes. The results from the oxygen
transmission rate (OTR) and water vapor transmission rate (WVTR)
measurements in 50 % relative humidity and 23 °C were compared between
samples across substrate types and deposition modes. It was found that the
R2R chamber provided barrier performance was comparable to traditional
batch deposition in several cases, and considerably enhanced relative to
uncoated substrates.

The initial mechanical properties of the polymeric substrate were found to
be crucial for the barrier properties. For example, an Al,O; coating
fabricated on cellophane film was less sensitive to mechanical stresses, and
the barrier values obtained were similar to those obtained with batch
process for the same substrate. FTIR analyses detected AlL,O; covered
surfaces after the R2ZR ALD. AFM images for the batch and R2R produced
samples that were quite similar. The relative polarities of surface energy for
AL O; deposited with R2R ALD on all three films were lower than for the
batch samples. This indicates some differences in the thin film growth.
Implications for manufacturability and scalability will also be discussed.
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9:00am TF+PS-MoM3 An Industrial Approach to Roll-to-Roll Atomic
Layer Deposition, M.J. Soderlund, P.T. Soininen, Ville Malinin, Beneq,
Finland

Spatial ALD method has attracted considerable attention lately as means to
increase the throughput and coating area of ALD processes to meet
industrial requirements. This interest is driven largely by the superior film
quality of ALD thin-films, but also by the other foreseen benefits associated
with spatial ALD process (in addition to high process) such as high material
utilization efficiency and low maintenance requirement. These benefits,
enable by the spatial ALD concept, are coming together today specifically
for flexible moisture barrier application, driven by need to improve the
quality and reduce the costs of ultra barrier films for moisture sensitive
devices (e.g. OLEDs). However, for ALD to break into mainstream in roll-
to-roll manufacturing of e.g. various different moisture barrier films, the
spatial ALD technological approach should be applicable to a wide range of
substrates materials (e.g. polymer, metal, paper), as well as meters wide
webs and web thicknesses ranging from tens up to hundreds of
micrometers.

This paper describes a scalable roll-to-roll ALD system approach, and
presents recent results using a commercial WCS 600 R2R ALD system. The
approach is based on relative movement between a web, tensioned on a
processing drum, and the spatial ALD coating head, which is in oscillating
motion around the central process drum. Process for Al,0; based on TMA
and H,O precursors at 100 C demonstrates growth rates between 0.7 - 1.0
AJcycle with refractive index higher equal or higher than 1.61. Low non-
uniformity of less than 10 % is measured across 480 mm effective coating
area. Ultra barrier performance of <5*10* g/(m® day) at 38 C/90 %
conditions is demonstrated with only 20 nm thick AL,Oj; films, made on roll-
to-roll basis on 500 mm wide PEN film substrate. Prospects for scaling the
technology further in web width and speed are discussed.

9:20am TF+PS-MoM4 Modular Rotating Cylinder Design for Spatial
ALD on Porous Flexible Substrates, Kashish Sharma, R.B. Hall, S.M.
George, University of Colorado at Boulder

Li-ion batteries (LIBs) have a capacity that typically decays versus number
of charge-discharge cycles. Surface coatings on LIB electrodes fabricated
using atomic layer deposition (ALD) can dramatically improve the capacity
stability. The commercialization of these ALD coatings requires the ability
to perform ALD on porous battery electrodes on flexible metal webs. In this
work, a new spatial ALD (S-ALD) reactor is developed that is based on a
modular rotating cylinder design. The outer cylinder remains fixed and
contains a series of slits. The slits can accept a wide range of modules that
attach from the outside and accommodate precursor dosing, purging or
pumping. The inner cylinder rotates (0-200 RPM) and passes underneath
the various slits that are spatially separated. This new S-ALD reactor has
been characterized using trimethyl aluminum (TMA) and ozone to grow
ALO; ALD films at 40°C on metallized PET substrates. Spectroscopic



ellipsometry measurements obtained AlL,O; ALD growth rates of 0.6 -1.1
AJcycle depending on the O, pressure used to prepare the ozone. The Al,O3
ALD growth rate was also constant with changing rotation speeds from 60
to 150 RPM. Future experiments will deposit ALL,O; ALD films on porous
electrodes on flexible metal webs. For these depositions, a “push-pull”
design will be utilized where the pressure of the precursor dose will “push”
the precursor and carrier gas into the evacuated porous electrode. The
reaction products and carrier gas will then be “pulled” from the porous
electrode by vacuum pumping. This new spatial ALD reactor has the
potential to deposit uniform and conformal thin films on large area and
flexible porous substrates at high deposition rates.

9:40am TF+PS-MoMS5 Spatial Atmospheric Atomic Layer Deposition
of Oxide and Oxysulfide Semiconductors, Andrea Illiberi*, TNO,
Netherlands INVITED
Oxide and oxysulfide semiconductors are key components in a wide variety
of devices including displays and solar cells. Spatial ALD is emerging as a
disruptive deposition technique for the electronic industry because it
combines the advantages of temporal ALD, i.e. excellent control of film
composition and uniformity on large-area substrates, with high growth rates
(up to nm/s) at atmospheric pressure. In this paper we present spatial
atmospheric ALD of Zn-based multi-component oxides for use as front
window in CulnGaSe, (CIGS)solar cells (i.e. i-ZnO, Zn(0O,S), Al:ZnO) and
as active channel (i.e. InGaZnO) in TFT-displays. Films are grown by
sequentially exposing the substrate to oxygen and/or sulfur precursors (H,O,
H,S) and the metal precursor vapors (i.e. DEZ, TMIn, TEGa, or TMAI). By
controlling the kinetics of surface reactions between vaporized precursors
and reactive sites at the film surface, the composition of the films can be
precisely tuned, achieving a constant concentration-depth profiles of the
elements along the growth direction, as measured by EDX and XPS
analysis.

CIGS solar cells: The front window of CIGS solar cells consists of a stack
of CdS/i-ZnO/Al:ZnO layers. Zn(O,S) is emerging as a successful
replacement for the CdS buffer layer, being free of toxic elements and
having a wider band gap (> 2.4 eV). Both the [S] and [Al] content in ZnO
are accurately controlled in the rage from 0 < [S]/[0] < 1 and 0 < [Al]/[Zn]
< 1, enabling the deposition of the entire front window stack by spatial-
ALD. The degradation of the electrical properties of Al:ZnO during damp
heat test is prevented by a spatial-ALD Al,0; moisture barrier. The use of
spatial ALD Zn(O,S)/i-ZnO/Al:ZnO/Al,0; stack as front windows in CIGS
cells is being tested.

TFT-displays: InGaZnO (IGZO) has drawn great attention in the display
industry over the last few years, because of its high electron mobility (> 10
cm?/Vs), as compared to the commonly used amorphous silicon. The
growth of IGZO has been investigated by Spectroscopic Ellipsometry,
while the surface and bulk composition of the films has been measured by
Low Energy Ion Scattering and XPS. An initial In-rich phase induces a
nucleation phase of about 250 ALD-cycles, followed by film closure. IGZO
films have an amorphous structure, as indicated by X-ray diffraction
analysis. Spatial ALD IGZO films have been tested as active channel in
TFT, achieving a maximum device mobility of 10 cm?/Vs.

Upscaling: Large area (30 cm wide) spatial ALD of Zn(O,S), Al:ZnO and
IGZO will be developed by the roll to roll and sheet-to-sheet technology,
respectively, as a new nanomanufacturing platform for the solar and display
industry.

10:40am TF+PS-MoM8 Large Area Atmospheric Spatial Atomic
Layer Deposition of Zn(O,S) Buffer Layers for CIGS Solar Cells on
Glass Substrates, M.D. Bijker, R.S.R. Archer, Smit Ovens B.V.,
Netherlands, P. Poodt, Holst Centre / TNO, Netherlands, A4. Illiberi,
Solliance / TNO, Netherlands, Karel Spee, Smit Ovens B.V., Netherlands
Spatial ALD (S-ALD) is emerging as a disruptive deposition technique for
the electronics and photovoltaics industry because it combines the
advantages of ALD, i.e. excellent control of film composition and
uniformity, with high deposition rates (up to nm/s) at atmospheric pressure.
This allows for a reduction of the Cost of Ownership (CoO) to a level
where, for a range of high-volume and low-cost application areas,
commercial exploitation is within reach.

S-ALD as developed by the authors makes use of an injector in close
proximity (typically less than 100 um) of a substrate which moves with
high speed underneath the injector. This process has been proven to work
very well for very flat substrates. Large area glass panels, however, provide
quite a challenge as there are large thickness variations over the sheet due to
glass thickness variations, surface roughness, bow and warp of the glass.
We will present the design and operation of an atmospheric pressure S-ALD
sheet-to-sheet tool which can handle 30x40 cm’ glass panels. The glass
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panels enter the system through a load lock, pass two heating zones to fast
heat-up the substrates and enter a deposition zone. The glass plates are
placed on a super flat susceptor and straightened using a vacuum clamp.
Sensors detect the remaining thickness variations of each individual glass
plate and adjust the injector head proximity for each glass plate. In high
speed the glass plate is moved back and forth underneath the injector.
Maximum deposition temperatures are 350°C. The injector is equipped with
7 slots, equipped with injectors for trimethylaluminium (TMA), diethylzinc
(DEZ), H,O and H,S. Each precursor can be entered independently, but also
TMA-DEZ premixing and HO-H,S premixing is possible.

The tool will be used for the deposition of Zn(O,S) buffer layers in
CulnGaSe, (CIGS) solar cells as an alternative for Chemical Bath
Deposition (CBD) of CdS. This replaces an environmentally polluting
process with a Cd-free solution. Several authors have reported CIGS solar
cells utilizing Zn(O,S) buffer layers with properties very comparable or
even somewhat better (+0,5%) to existing CIGS cells using CdS. Cost of
ownership (CoO) calculations show that the production cost using S-ALD
are also comparable (~$0,02/Wp).

First Zn(O,S) layers have been prepared using a S-ALD lab-reactor, using
DEZ and a mixture of H,O and H,S. The composition, optical- and
electrical properties of the films can be continuously controlled by different
H,O/H,S mixing ratios from ZnO. Further experiments are ongoing,
including the deposition of Zn(O,S) buffer layer in full CIGS solar cells and
its effect of solar cell performance.

11:00am TF+PS-MoM9 Growth Rates and Mechanisms for Al,O;
ALD using TMA/ O; at Atmospheric Pressure, MoatazBellah Mousa,
C.J. Oldham, G.N. Parsons, North Carolina State University

Under typical low pressure ALD conditions, ozone (Os) is reported to speed
up ALD processes compared to water-based reactions because shorter purge
times are needed to fully desorb ozone O;. Many high-throughput ALD
processes are designed to operate at atmospheric pressure where viscous
fluid transport can have significant effects. We developed an ALD process
using trimethyl aluminum (TMA) and Os in a variable-pressure flow tube
reactor and measured growth rates, film composition and film uniformity in
the growth zone for pressures between ~2 Torr and 760 Torr and
temperature ranging from 70°C to ~250°C. We also adjusted overall gas
flow rate to study the role of gas residence time. Film thickness was
determined by ellipsometry and growth was monitored using an in-situ
Quartz Crystal Microbalance (QCM). We observe self-limiting growth
between ~150 °C and 250 °C at both ~2 Torr and 760 Torr, and larger
growth rate at lower temperature. At high pressure the growth rate is ~20%
larger than at low pressure, which is ascribed to slower transport of
desorbing product species through the boundary layer at high pressure. We
also find that longer O; exposure times are needed compared to low
pressure growth. This is consistent with a model for the ozone dissociation
kinetics showing that higher pressure enhances the rate of ozone loss. The
ozone depletion also predicts an observed gradient in film growth rate under
sub-saturation conditions along the length of the reactor. During TMA/O;,
O insertion leads to surface methoxy and formate groups at low
temperature, whereas surface hydroxyls form at higher temperature. In our
reactor, QCM analysis shows evidence for this temperature-dependent
surface reaction mechanism at 2 Torr, and it persists at 760 Torr under
saturated conditions. Under saturated growth conditions, TOF-SIMS
analysis shows films deposited at 2 Torr and 760 Torr have similar
composition, with some extra carbon contamination at higher pressure.
Overall, similar ALD growth can be achieved for TMA/O; at 760 Torr and
~2 Torr, where care must be taken to take into account the faster rate of O;
dissociation at higher pressures, especially at higher temperature.

11:20am TF+PS-MoM10 Integration of Feature and Reactor Scales
during the Simulation of ALD Scale Up, Angel Yanguas-Gil, J.A. Libera,
J.W. Elam, Argonne National Laboratory

As the number of ALD processes, materials and applications increase, it is
becoming increasingly important to develop the ability to screen and
identify the most prominent candidates for scale up. Precursor pressure,
reaction probability, ideality of the surface chemistry, but also other
considerations like throughput, surface area, and materials utilization, are
critical factors that will determine the feasibility of a particular process. In
particular, there are three questions that need to be answered in the
transition from lab-scale to manufacturing: 1) what is the impact of a
particular precursor chemistry, 2) what are the best processing conditions
for a given precursor and substrate, 3) what is the optimal reactor design?

In this talk we will focus on the issue of predicting the scalability and
fundamental economics (throughput, precursor utilization) of lab-scale
ALD processes. Our approach, developed as part of our work on process
development and scale up, combines the experimental characterization of
ALD processes in bench-scale reactors, the use of simple analytic models,
and the development of new 3D multiscale simulation tools that are
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optimized to the conditions typically found under ALD conditions,
including providing simulated quartz crystal microbalance and mass
spectrometry data at any point of the reactor.

Our code, based on open-source libraries, is able to incorporate high-surface
area substrates on reactor scale simulations for both cross-flow and roll-to-
roll processes, and it takes advantage of the ALD surface chemistry to
achieve an extremely efficient two-way coupling between reactor and
feature length scales. This method is based on a new approach to simulate
feature scale coating that essentially provides the infinite trajectory-limit of
the Monte Carlo simulations typically used in the literature.

Besides the description of the model and its implementation, we will
exemplify our methodology by presenting results of different metal oxides
by ALD, including the validation of the code in a large area reactor. We will
also show the results of a parametric study on the impact of non-ideal
surface chemistry as well as the presence of high surface area materials /
nanostructured features on the substrate. According the results obtained, the
presence of high surface area materials makes continuum ALD processes
like R2R more efficient. This is a consequence of a more general result of
our parametric study, which shows that high reaction probabilities play an
important role in ALD scale up.

Vacuum Technology
Room: 303 - Session VT-MoM

Vacuum Measurement, Calibration, and Primary
Standards

Moderator: Steve Borichevsky, Applied Materials,Varian
Semiconductor Equipment, Yulin Li, Cornell University

8:20am  VT-MoM1 Miniature Fiber Optic Pressure Sensors:
Technologies and Applications, Miao Yu, University of Maryland,
College Park INVITED
Compared with their electrical counterparts, fiber optical sensors offer many
advantages including small size, immunity to electromagnetic interference,
convenient light guiding through optical fibers, high sensitivity, high
resolution, large bandwidth, and low noise. Recently, miniature fiber optic
pressure sensors have attracted much attention for many applications
including biomedical, surveillance, and industrial applications. Most of
these sensors are based on a Fabry-Perot interferometer fabricated directly
on an optical fiber end face with a silica/silicon (Si) diaphragm serving as a
pressure transducer. Although these sensors have a small size (~100s micros
in diameter), they suffer from important issues including low sensitivity due
to the high elastic moduli of silica/Si (130-185 GPa), and high brittleness
and easy breakage of the sensor elements.

In this paper, the research program at the Sensors and Actuators Laboratory
(SAL) of the University of Maryland on miniature fiber optic pressure
sensors based on polymer or grapheme diaphragms will be introduced.
First, our work on polymer based miniature optical pressure sensors will be
discussed. The polymer materials have superior elasticity and high fracture
strength, which enables polymer based sensors to have superior sensitivity
even at a small size and helps prevent cracking or breaking of the sensors.
Furthermore, these sensors can be fabricated by using relatively simple and
inexpensive processes. We have developed several unique low-cost micro-
fabrication processes for these sensors, including self-aligned
photolithography and UV molding process. By using simple and safe
procedures, a polymer based Fabry-Perot cavity can be directly fabricated at
the end of optical fiber, thus eliminating the necessity for complicated
assembly of the sensing element and the optical fiber. Further, since
polymer based sensors inherently suffer from temperature driftdue to the
large thermal expansion coefficient of polymer materials, novel temperature
compensation methods for the polymer based fiber optic pressure sensors
will also be discussed. Second, miniature fiber optic pressure sensors
utilizing a graphene diaphragm will be presented. Graphene is believed to
be one of the strongest materials and the thinnest film in the universe, and it
can be stretched by as much as 20%. These unique mechanical properties
render graphene an excellent choice for miniature acoustic sensors with
unprecedentedly high sensitivity, large bandwidth, and large dynamic range.
Finally, the potential applications of these different sensors will be
discussed.

9:00am VT-MoM3 Quantum Based Vacuum Standard, Jay Hendricks,
J.A. Stone, JE. Ricker, P.F. Egan, G.E. Scace, D.A. Olson, National
Institute of Standards and Technology, D.R. Gerty, Sandia National
Laboratories, G.F. Strouse, National Institute of Standards and Technology

The future of pressure and vacuum measurement will employ lasers, Fabry-
Perot optical cavities, and quantum physics. Photons interact at the quantum
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level with matter such that light travels at a slower speed in gas than it does
in vacuum. NIST is developing a fixed length optical cavity (FLOC) and
variable length optical cavity (VLOC) that will make simultaneous ultra-
precise measurements of vacuum and gas cavity photon-path-lengths. While
pressure is a widely measured unit in every day processes, the standard on
which it is based, the mercury manometer is quite old and traces its early
beginnings to 1643. In the future, the mercury barometer will be replaced
with a new standard based on quantum chemistry calculations of helium’s
refractive index. This will enable the replacement of all artifact-based
mercury standards. Measuring pressure optically represents a paradigm shift
in the way the unit is realized and will move us from a primary standard
based on an artifact to a primary standard based on quantum-chemistry
calculations of helium’s refractive index. This talk will cover current status
and early prototype results of NIST’s Innovations Measurement Science
(IMS) project (the second year of five) that will have profound impacts on
how pressure, temperature and length in air measurements are made in the
future. While the primary aim of the project is to create new measurement
infrastructure for NIST, it will also create exciting spin-off technology that
will have large impacts for US manufacturing and world metrology.

9:20am VT-MoM4 New PTB Standard to Provide Traceability for
Partial Pressure Measurement, Karl Jousten, Physikalisch-Technische
Bundesanstalt (PTB), Germany

Partial pressure measurement in vacuum by quadrupole mass spectrometer
(QMS) is an important tool to control and monitor processes in industry and
to measure outgassing rates. It is, however, difficult to obtain reliable
results with quadrupole mass spectrometers, since its calibration is ill-
defined and at present there is no traceability to any national primary
standard.

PTB has recently established a new calibration system to calibrate QMS. It
is based on the continuous expansion method and allows generating three
partial pressures at the same time in the calibration chamber with pressure
ratios between them of a factor of up to 10° with the uncertainty of each
partial pressure depending on the value and the gas species. In the minimum
the uncertainty of partial pressure is close to 1%. With less accuracy more
gas species than three can be mixed.

The flow of desired gas into the calibration chamber is generated by nano-
holes, glass capillaries or sintered elements characterized in terms of
conductances for some gas species. Since the flow through these
conductance elements is of molecular type up to about 10 kPa, the flow can
be predicted for any gas species.

Four QMS were characterized with the new system and some results will be
given. The first goal with this standard is to test and establish calibration
procedures for written standards for several parameters of QMS like
sensitivity, minimum partial pressure and minimum concentration.

Support through the EMRP IND12 project is gratefully acknowledged. The
EMRP is jointly funded by the EMRP participating countries within
EURAMET and the European Union.

9:40am VT-MoMS5 Study of Long Term Stability of Quadrupole Mass
Spectrometers, Janez Setina, Institute of Metals and Technology (IMT),
Slovenia, 4. Elkatmis, R. Kangi, Ulusal Metroloji Enstitiisii (TUBITAK
UME), Turkey, K. Jousten, Physikalisch-Technische Bundesanstalt (PTB),
Germany, M. Bergoglio, Istituto Nazionale di Ricerca Metrologica
(INRIM), Italy, F. Boineau, Laboratoire National de métrologie et d'Essais
(LNE), France, S. Ruiz, Centro Espafiol de Metrologia (CEM), Spain, M.
Vicar, Czech Metrology Institute (CMI), Czech Republic

Quadrupole mass spectrometers (QMS) are widely used in industry for leak
detection, residual gas analysis and measurements and control of gas
composition in vacuum processes, which require well defined partial
pressures of different gases in low pressure environment. Consistent
measurements and process stability are possible solely if measurement
instrumentation is sufficiently stable with time. Only few studies about the
time stability of QMS have been reported in the literature. They mainly
indicate that QMS instruments are less stable than typical Bayard-Alpert
ionization gauges, so frequent recalibrations may be required.

To get information about typical quality of commercial instruments, a group
of European national metrology institutes performed a joint study of time
stability of some metrological characteristics of seven different QMS.
Parameters under study included: sensitivity for gases He and N,, mass
resolution, mass scale stability, secondary electron multiplier (SEM) gain,
and minimum detectable partial pressure. Typical check intervals were 3
months. Study started in the middle of 2012 and the overall duration was
two years.

In 3 months periods the typical changes of sensitivity between 10% and
30% were observed. The peak positions were stable within 0.05 amu and
0.2 amu and mass resolution was stable within 0.02 and 0.05 amu. For most
of instruments a gradual decrease of the SEM gain as a result of aging of the



multiplier was observed. For some instruments the SEM gain dropped by
more than 40 % in 2 years period.

Support through the EMRP IND12 project is gratefully acknowledged. The
EMRP is jointly funded by the EMRP participating countries within
EURAMET and the European Union.

10:00am VT-MoM6 The Stability of Spinning Rotor Gauges as
Transfer Standards, James Fedchak, National Institute of Standards and
Technology (NIST)

The spinning rotor gauge (SRG) has long been used as a transfer standard
for high vacuum calibrations and in national and international
intercomparisons of high-vacuum standards. It is typically used over a
pressure range of 1 x 10* Pa to 1.0 Pa (10 Torr to 10 mTorr) and tends to
be favored by metrology and calibration laboratories because of its
reputation as being a very stable standard. Here we will review the stability
data for SRGs used in international key comparisons. Different rotor
materials and various transfer techniques have been employed in these
comparisons. These will be discussed in context of the best practices and
techniques that have produced the best rotor stability. Various factors which
may affect rotor stability will also be discussed, and data taken at NIST as
well as that found in the literature will be presented. The goal of this study
is to establish the best practices for the use of a spinning rotor gauge as a
transfer standard, as well as establishing the best stability that can be
reasonable achieved.

10:40am  VT-MoMS8 Pilot Study for International Comparison of
Absolute Pressure Measurement from 3 x 10 Pa to 9 x 10™ Pa, Hajime
Yoshida, K. Arai, E. Komatsu, K. Fujii, National Institute of Advanced
Industrial Science and Technology (AIST), Japan, K. Jousten, T. Bock,
Physikalisch-Technische Bundesanstalt (PTB), Germany

International comparison of absolute pressure measurements in gas from
3x10 Pa to 9x10™ Pa, identified as CCM.P-K3, was performed from 1998
to 2002 to determine the degree of equivalence of national metrology
institutes (NMIs). A new international comparison, where the pressure
range is expanded down to 3x10” Pa, is planned as CCM.P-K3 follower. A
pilot study was performed in advance because two challenging issues are
including the CCM.P-K3 follower. One is the stability of extreme high
vacuum (XHV) gauge as a transfer standard. XHV gauges are kinds of hot
cathode ionization gauges with a structure to reduce disturbances such as X-
ray, electron stimulated desorption (ESD) ion, and so on. Few experiments
are reported about the stability of XHV gauges from the viewpoint of
metrology. The other is the stability of transfer gauges against to repeating
bake-out because baking the calibration chamber including transfer gauges
is inevitable to achieve XHV.

At first, three types of XHV gauges; Axial-symmetric transmission gauge
(ATG), extractor gauge (EXG), and bent belt-beam gauge (3BG) were
tested in NMIJ. Stabilities against air exposure and following bake-out were
also tested for both XHV gauges and spinning rotor gauges (SRGs). A
protocol for pilot study from 3x10 Pa to 9x10™ Pa was prepared based on
the results of both these tests and previous CCM.P-K3. ATG and EXG were
adopted as transfer gauges because of achievements so far, although the
stabilities of tested XHV gauges were comparable. In addition, two SRGs
(SRG-1 and SRG-2) were also adopted as transfer gauges to calibrate at
9x10™* Pa because stabilities of SRGs were expected to be better than those
of XHV gauges. Measurement results of XHV gauges are normalized by
those of SRGs. No significant differences of stabilities were observed
whether the calibration gas was N, or Ar. N, was selected as the calibration
gas because N is typical calibration gas for ionization gauges.

A bilateral comparison between NMIJ and PTB was performed from May
2013 to Jan 2014 to confirm the effectiveness and to test the transport
stability of the transfer standards. Shift of sensitivities of ATG, EXG, SRG-
1, and SRG-2 were less than 0.58 %, 0.67 %, 3.5 %, and 0.28 %,
respectively. The results of comparison were summarized except for data of
SRG-1 because it clearly shows the drift of the sensitivity (effective
accommodation coefficient). Results of the comparison show good
agreement within the claimed uncertainty. Details will be presented at the
conference.

11:00am VT-MoM9 Stability of the Cold Cathode Ionization Gauge,
Paul Arnold, G.A. Brucker, Granville-Phillips Vacuum Products

A study of the stability of cold cathode ionization gauges (CCIG) using an
evaluation of physics principles affecting the ionization properties of the
CCIG has been performed. The variation of the response to pressure of the
CCIG is significantly dependent upon the interaction of the plasma
discharge with the interior surfaces of the CCIG occurring during operation
of the CCIG. New investigations will demonstrate these effects. The
concept of measured pressure dose provides an index of likely drift in CCIG
performance resultant from the magnitude of the plasma interaction,
including the concept of remaining gauge useful life. The nature of the
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above plasma interaction changes the magnetic field internal to the CCIG as
well as electron production from the cathode electrode, resulting in drift in
CCIG performance. Both simulation and test data of these phenomena will
be presented, showing relation of pressure dose to pressure performance
with explanation of mechanisms.

11:20am VT-MoM10 Cold Cathode Ionization Gauge Design Mitigates
Well-known Performance Issues, Brandon Kelly, G.A. Brucker,
Granville-Phillips Vacuum Products

Cold Cathode Ionization Gauges (CCIGs) are a well established indirect
pressure measurement tool that has well documented advantages and
shortcomings. In an attempt to overcome these design challenges a series of
experiments have been conducted exploring different electrode geometries
and configurations. Included in these experiments are high power magnet
assemblies with unique discharge chamber geometries aimed at increasing
device sensitivity at UHV pressures. Various modifications and methods
have been tested to control the plasma discharge interaction with the interior
of the CCIG for which increased lifetime will be shown. In addition to
gauge sensitivity, other common shortcomings are addressed such as high
vacuum starting time statistics and the separation of leakage current from
plasma (i.e. discharge) current. A novel ionization chamber design prevents
the escape of material from the internal surfaces of the gauge while
preserving adequate conductance to the vacuum chamber and providing the
ability to replace parts in the field. The theory and details of these new
sensor design modifications will be discussed offering an insight into the
next generation of cold cathode ionization gauges.

11:40am VT-MoM11 A Systematic Study of Long-Term Vacuum
Gauge Performance, Gerardo Brucker, S. Heinbuch, T.C. Swinney,
Granville-Phillips Vacuum Products

Cold Cathode Ionization Gauges (CCIGs) have been the subject of
numerous investigations throughout several decades. The free-running
characteristics of their pure electron plasma, combined with the in-depth
investigation of this phenomenon interacting with the interior of these
devices, have led to numerous theories and speculation regarding the factors
that regulate the long term performance of the gauges. Our laboratory has
become increasingly interested in extending gauge lifetime through
improved design and in the development of innovative dose calculation
methodologies that can provide an adequate estimation of gauge remaining
lifetime. We are particularly interested in understanding the phenomena that
lead to drifts in gauge sensitivity with dose and specific gas chemistry.
During our long term studies, gauge sensitivity is tracked over time against
dose and the most modern surface and chemical analysis methodologies are
employed to detect and understand the physico-chemical changes that take
place at the internal electrodes. In this presentation we will demonstrate that
while attempting to understand changes in gauge sensitivity it is equally
important to consider changes in the magnetic as well as the internal electric
characteristics of cold cathode gauges. Prior work by other groups has
focused heavily on the influence of surface chemistry modifications. Our
recent work will demonstrate that equal attention must be paid to the
internal magnetic properties to fully account for long term changes in
sensitivity.
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2D Materials Focus Topic
Room: 310 - Session 2D+AS+EM+NS+SS-MoA

Dopants, Defects, and Interfaces in 2D Materials
Moderator: Jun Lou, Rice University

2:00pm  2D+AS+EM+NS+SS-MoAl1  Cutting and Assembling 2
Nanometer Voids in Single Layer Hexagonal Boron Nitride, Thomas
Greber, H.Y. Cun, M. lannuzzi, A. Hemmi, J. Osterwalder, University of
Zurich, Switzerland INVITED
Argon implantation beneath hexagonal boron nitride nanomesh on Rh(111)
[1] leads to the formation of vacancy and interstitial defects [2]. The
nanomesh is a single layer of hexagonal boron nitride on Rh(111), where
13x13 h-BN units accommodate on 12x12 Rh unit cells. The resulting
super-honeycomb has a lattice constant of 3.2 nm and consists in regions
where the h-BN “wets” the Rh substrate (pores), and regions where h-BN is
quasi freestanding (wires) [3].

The interstitial defects are called “nanotents”, where atoms are trapped
beneath the ultimately thin “rainfly” made of a single layer of h-BN [2.,4].
They are stable at room temperature and survive exposure to air.

The vacancy defects are sites where a boron or a nitrogen atom was kicked
out by the Ar ion impact. If the implanted structures are annealed to 900 K
the can-opener effect occurs: 2 nm h-BN-flakes or “lids” are cut out of the
h-BN nanomesh and 2 nm voids form [2]. At higher temperatures the
resulting voids may diffuse and assemble, due to their repulsive interaction,
in a super-superstructure with some order, i.e., a nearest neighbor distance
of about 15 nm. Near the disintegration temperature of the h-BN nanomesh
we finally observe self-healing of the voids in the nanomesh, which we
assign to their annihilation in larger holes in the structure.

The report bases on scanning tunneling microscopy, x-ray photoelectron
spectroscopy, molecular dynamics and density functional theory
calculations.

Financial support by the Swiss National Science Foundation and support by
the EC under the Graphene Flagship (contract no. CNECT-ICT-604391) is
gratefully acknowledged. We thank the Swiss National Supercomputer
Centre (CSCS) for allocation of computer time.

[1]1 M. Corso et al. Science, 303 (2004) 217.

[21H. Y. Cun et al. Nano Letters 13 (2013) 2098.

[3] S. Berner et al. Angew. Chem. Int. Ed. 46 (2007) 5115.
[4] H.Y. Cun et al. ACS Nano 8 (2014) 1014.

2:40pm 2D+AS+EM+NS+SS-MoA3 Engineering Structural Defects in
Graphene Materials, Jeremy Robinson, M. Zalalutdinov, J. Culbertson, C.
Junkermier, P.E. Sheehan, T. Reinecke, A. Friedman, Naval Research
Laboratory

Graphene’s atomic thinness makes it highly sensitive to surface adsorbates
or defects within its carbon backbone. Aside from the known effects and
impact on electronic properties, here we demonstrate the impact of defects
on the mechanical properties and the response of mechanical resonators. In
particular, once defects are formed in atomically-thin materials they can be
quite mobile and form more complicated defect structures such as bi- or
tetra-vacancy clusters. We execute experiments using mechanical drum
resonators made from single- to multi- to many-layer graphene systems. We
use both CVD grown graphene and reduced graphene oxide (rGO) films to
capture a wide range of defect structures. By measuring the fundamental
frequency response of the resonators (in the MHz range) we extract
properties such as tension, quality factor, and modulus as a function of
external manipulation [1]. For highly defective rGO films measuring 10-
40nm thick, we can tune the frequency response by 500% and quality factor
by 20x through laser annealing, which effectively rearranges defects
throughout the film [1]. Alternatively, using graphene 1-4 layers thick, we
find the resonator response is significantly more sensitive to the formation
and annihilation of meta-stable defects, such as the tetra-vacancy structure.
We will show how the defect mobility and resonator response changes with
different energy photons and come to understand these differences based on
calculated defect migration energies of different defects types in graphene.

[1] Nano Letters12,4212 (2012)
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3:00pm 2D+AS+EM+NS+SS-MoA4 Graphene Cleaning using a Low
Energy Ar lon Beam, KiSeok Kim, G. Yeom, Sungkyunkwan University,
Republic of Korea

Recently, graphene has been widely investigated due to the superior
electrical, mechanical, thermal, and chemical properties. Especially, CVD
graphene which was grown on Cu foil and transferred to various substrates
using PMMA has been used most widely due to the possible large area
applications such as electronic devices for displays, semiconductors, etc.
However, in order to apply the transferred CVD graphene to the various
electronic device fabrication, PMMA residue on the graphene surface
formed during the transfer process and lithography process needs to be
completely removed without damage. Various methods have been
investigated to remove the residue on the graphene surface such as current
cleaning, heat treatment, chemical cleaning, etc. However, it is reported that
these methods are not effective in removing the residue on graphene or not
applicable to industry.

In this study, a controlled Ar ion beam has been used to effectively remove
the PMMA residue on graphene surface. By controlling the Ar ion beam
condition, the residue on graphene surface could be removed while
minimizing the damage on the graphene surface. Especially, by lowering
the Ar beam energy less than 10 eV, it was possible to effectively remove
the PMMA residue without damaging the graphene. The removal of PMMA
residue on the graphene surface could be identified using Raman
Spectroscopy showing the red shift of 2D peak (2670 cm™) and blue shift of
G peak (1580 cm™) in addition to the decrease of RMS roughness from
1.3nm to 0.3 nm using an AFM (Atomic Force Microscopy). The
effectiveness of graphene cleaning was also confirmed by XPS (X-ray
Photoelectron Spectroscopy), by the uniform deposition of ALD HfO, layer
on the cleaned graphene surface, by measuring the electrical properties of
deposited ALD HfO,, etc.

3:40pm 2D+AS+EM+NS+SS-MoA6 Electronic Structure Modification
in van der Waals Heterostructures: Interlayer Hybridization in the
Case of Graphene/MoS2, Matthias Batzill, H. Coy-Diaz, University of
South Florida, M.C. Asensio, Synchrotron Soleil, France, J. Avila,
Synchrotron Soleil

Artificial van der Waals heterostructures promise to combine materials with
diverse properties. Simple mechanical stacking or conventional growth of
molecular hetero-layers would enable fabrication of novel materials or
device-structures with atomically precise interfaces. Because covalent
bonding in these layered materials is limited to molecular-planes, interface
interactions between dissimilar materials are expected to modify the
properties of the individual layers only weakly. Here we prepare
graphene/MoS, heterostuctures by transferring CVD-grown graphene onto a
MoS, substrate. It is shown that high quality interfaces between graphene
and MoS, can be obtained by UHV annealing . The quality of the graphene
is demonstrated by atomic resolution scanning tunneling microscopy of
ultraflat graphene. The electronic structure of the interface between the
polycrystalline graphene and a MoS, substrate is measured by angle
resolved photoemission spectroscopy (ARPES) and nano-ARPES utilizing a
focused photon beam at the SOLEIL synchrotron. We show that at the
Fermi-level graphene exhibits a perfect, gapless and undoped Dirac-cone.
However, in regions where the n-band of graphene overlaps with states of
the MoS, substrate, opening of several band-gaps are observed. This
demonstrates that the electronic properties in van der Waals heterostructures
can be significantly modified by interlayer interaction and thus
exemplifying opportunities for tuning materials properties of graphene and
other 2D-materials by interfacing them with dissimilar van-der Waals
materials.

4:00pm 2D+AS+EM+NS+SS-MoA7 Edge States and Exposure to
Hydrogen of Silicon at the 2D Limit on Ag(111), 4.J. Mannix, B.T.
Kiraly, Argonne National Laboratory, M.C. Hersam, Northwestern
University, Nathan Guisinger, Argonne National Laboratory

Chemical functionalization of atomically thin materials results in significant
modifications to their electronic properties, which can be exploited in
device applications. Compared to the chemical inertness of graphene, 2D
silicon is expected to exhibit greater reactivity, and thus a greater
amenability to  chemical  functionalization. =~ Among  potential
functionalization chemistries, hydrogen termination is favored for its
relative simplicity and proven efficacy with graphene and bulk Si surfaces.
Using ultra-high vacuum (UHV) scanning tunneling microscopy (STM), we
have studied the temperature-dependent effects of exposing 2D silicon
platelets grown on Ag(111) to molecular and atomic hydrogen. At low
doses, atomic hydrogen results in limited adsorption and temperature
dependent etching. In the bulk, the formation of vacancies and extended



etch pits is observed. In addition, edge states can play a critical role in the
electronic properties of 2D materials. We have also examined at the atomic-
scale the edges of 2D silicon platelets.

4:20pm  2D+AS+EM+NS+SS-MoA8  Chlorine Trap-Doping for
Transparent, Conductive, Thermally Stable and Damage-Free
Graphene, Pham Viet Phuong, K.N. Kim, M .H. Jeon, K.S. Kim, G. Yeom,
Sungkyunkwan University, Republic of Korea

We propose a novel doping method of graphene by cyclic trap-doping with
low energy chlorine adsorption. Low energy chlorine adsorption for
graphene chlorination avoided defect (D-band) formation during doping by
maintaining the n-bonding of the graphene, which affects conductivity. In
addition, by trapping chlorine dopants between the graphene layers, the
proposed doping method dramatically decreased the sheet resistance by
~88% at an optimized condition. Among the reported doping methods
including chemical, plasma, photochemical methods etc., the proposed
doping method is believed to be the most promising for producing graphene
of extremely high transmittance, low sheet resistance, high thermal stability,
and high flexibility for use in various flexible electronic devices. Results of
angle resolved X-ray photoelectron spectroscopy (XPS), high-resolution
transmission electron spectroscopy (HR-TEM), Raman spectroscopy,
ultraviolet-Visible spectroscopy (UV-Vis) and sheet resistance, showed that
this method is also non-destructive and controllable. The sheet resistance of
the doped tri-layer graphene was 70 Q/sq at 94% transmittance, which was
maintained for more than 6.5 h at 230°C. Moreover, the defect intensity of
graphene was not increased during the cyclic trap-doping.

4:40pm 2D+AS+EM+NS+SS-MoA9 Modification of Graphene by
Neutral Beam Irradiation and Edge Structure Analysis, Takeru Okada,
S. Samukawa, Tohoku University, Japan

Since the discovery of single layer of Graphite, Graphene, a single layer of
hexagonal carbon atoms, has attracted much attention and shown exciting
specific properties. Graphene is a zero band gap semiconductor. Therefore
band gap control is one of most important issue to apply for electronic
device applications. In order to construct electronic devices with logic
operation, both p- and n-type conductions and the control of the carrier
density in an active channel are required. Doping with foreign atoms, such
as N and B, has proven to be an effective way to modify the electronic
properties of carbon related materials and extend their applications. In
particular, nitrogen doping brings a carrier which could turn carbon
nanotube into n-type semiconductors. It is also feasible to modify the
electronic properties of Graphene. Although several doping methods have
reported so far, process damages (defect generation) cause degradation of
electronic properties.

In this paper, we introduce ultra-low damage neutral beam system which
consists of a plasma and process chambers that are separated by a carbon
aperture. Charged species and ultra-violet photon from the plasma can be
effectively eliminated by the aperture. As a result, only the neutral beam
arrives the surface of the sample at the substrate in the process chamber.

We used nitrogen gas for plasma generation and adopted multi-layer
Graphene to investigate nitridation mechanism. Graphene multi-layer was
irradiated by nitrogen neutral beam with controlled energy of 10 eV at room
temperature. The surface modification was analyzed by x-ray photoelectron
spectroscopy (XPS). XPS analysis indicated that the carbon atoms were
substituted to nitrogen atom and atomic concentration of nitrogen reaches
15 %. Additionally, bonding state of C and N was found to depend on
neutral beam irradiation time. Thus beam energy controlled neutral beam
can selective nitridation of Graphene. Furthermore the doping density is
estimated by Raman spectroscopy and result in 10'? [em?], which is enough
to n-type doping of Graphene.

5:00pm 2D+AS+EM+NS+SS-Mo0A10 Growth Mechanism of Metal
Clusters on a Graphene/Ru(0001) Template, Shixuan Du, L.Z. Zhang,
Chinese Academy of Sciences, W. Hofer, University of Liverpool, UK, H.-
J. Gao, Chinese Academy of Sciences

Metal nano-clusters have attracted considerable interest because of the
potential applications in catalysis and information storage. Due to the soft
nature of epitaxial graphene and the lattice mismatch between graphene and
metal substrates periodic moiré patterns can be formed. A graphene/metal
template, moiré template, can be used to grow dispersed metal nano-clusters
with controllable size and shape, or metal clusters with large size and metal
layers. However, how intrinsic properties of metal atoms and the moiré
template influence the selective adsorption and the growth mode of metal
clusters is still open to debate. A general rule, predicting the morphology of
metal nano-clusters on a G/metal surface, important to guide experimenters,
is still missing. Using first-principles calculations combined with scanning
tunneling microscopy experiments, we investigated the adsorption
configurations, electronic structures and the corresponding growth
mechanism of several transition metal (TM) atoms (Pt, Ru, Ir, Ti, Pd, Au,

Ag, and Cu) on a graphene/Ru(0001) moiré template (G/Ru(0001)) at low
coverage. We find that Pt, Ru, Ir, and Ti selectively adsorb on the fcc region
of G/Ru(0001) and form ordered dispersed metal nano-clusters. This
behavior is due to the unoccupied d orbital of the TM atoms and the strong
sp® hybridization of carbon atoms in the fcc region of G/Ru(0001). Pd, Au,
Ag, and Cu form nonselective structures because of the fully occupied d
orbital. This mechanism can be extended to metals on a graphene/Rh(111)
template. By using Pt as an example, we provide a layer by layer growth
path for Pt nano-clusters in the fcc region of the G/Ru(0001). The
simulations agree well with the experimental observations. Moreover, they
also provide guidance for the selection of suitable metal atoms to form
ordered dispersed metal nano-clusters on similar templates.

References:
1. L.Z. Zhang et al. Advanced Materials Interfaces, accepted.
2. Y. Pan et al. Applied Physics Letter, 95, 093106 (2009)

Actinides and Rare Earths Focus Topic
Room: 301 - Session AC+AS+MI+SA+SS-MoA

Theoretical Modeling of f Electron Systems
Moderator: Ladislav Havela, Charles University, Czech
Republic

2:00pm ACH+AS+MI+SA+SS-MoAl1 Nonmagnetic Ground State of
PuO,, Jindrich Kolorenc, Academy of Sciences of the Czech Republic

INVITED
The correlated band theory implemented as a combination of the local
density approximation with the dynamical mean-field theory is applied to
PuO,. We obtain an insulating electronic structure consistent with the
experimental photoemission spectra, and a nonmagnetic ground state that is
characterized by a noninteger filling of the plutonium f shell (n;= 4.4). Due
to a sizable hybridization of the f shell with the p states of oxygen, the
ground state is more complex than the four-electron Russell-Saunders °I,
manifold split by the crystal field. The dynamical mean-field theory, which
in the present case can be schematically viewed as an extension of the
crystal-field model with hybridization terms, improves the agreement
between the theory and experiment for the magnetic susceptibility [1].
Encouraged by the good accuracy achieved for PuO, , we apply the theory
to several other tetravalent actinide oxides.

[17 A. B. Shick, J. Koloren¢, L. Havela, T. Gouder, and R. Caciuffo, Phys.
Rev. B 89, 041109 (2014).

2:40pm AC+AS+MI+SA+SS-MoA3 DMFT Modeling of Electronic
Spectral Properties in Pu-based Actinides, Jian-Xin Zhu, Los Alamos
National Laboratory INVITED
Plutonium-based materials have been studied for many years due to their
importance in nuclear energy applications. Scientifically, these materials
exhibit highly complex properties. Pu metal shows a significant volume
expansion and anomalous magnetic properties; while Pu-115 (like
PuCoGas) are found to be superconductors. These intriguing phenomena
originate from the special location of Pu in the Periodic Table, which is at
the boundary between the light actinides that have itinerant 5f electrons and
the heavy actinides with localized 5f electrons. They call out the notion of
strong correlation of 5f electrons. In this talk, I will present a study of the
electronic structure of Pu metals and its 115 compounds in the framework
of the combination of local density functional approximation and dynamical
mean-field theory. In particular, the results on momentum-resolved spectral
functions will be presented and be compared with those based on the LDA
only. In addition, the effect of Pu 5f electron occupancy on the electronic
structure of these systems will also be discussed. The test of these results by
future angle-resolved photoemission spectroscopy measurements will give a
stringent constraint on the theoretical approach.

3:40pm AC+AS+MI+SA+SS-MoA6 The Evolution in Pu Nanocluster
Electronic Structure: From Atomicity to Three-Dimensionality, James
Tobin, S.W. Yu, B.W. Chung, Lawrence Livermore National Laboratory,
M.V. Ryzhkov, Russian Academy of Science-Urals, 4. Mirmelstein, Russian
Federation Nuclear Lab (VNIITF)

The development of electronic structure in solid systems as a function of
size has long been a subject of great interest and extensive scientific
investigation. Experimentally, the transition, from nanoscale or mesoscopic
to bulk behavior in metal clusters, was reported in 1981 by Mason and co-
workers. Similarly, the evolution from two-dimensional to three-
dimensional band structure in metal overlayers and the manifestation of
nanoscale effects in compound semiconductor have also observed. In the
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area of actinide materials, the progress has been slowed by the limitations
imposed by the highly radioactive, chemically toxic and pyrolytic nature of
these materials. Havela and Gouder and colleagues performed
investigations upon Plutonium (Pu) ultra-thin films, deposited in situ by
means of a discharge-plasma, and Trelenberg and co-workers developed an
approach using laser ablation of Uranium (U). Gas phase studies of
actinides have also been pursued including atoms, molecules and reactions.
Recent theoretical studies include UO, molecules, solid actinide oxides, and
actinide carbide clusters. A new approach to cluster calculations has been
taken in this study. Past cluster calculations were arranged in such a way
that the central atom would exist in a bulk like environment. In calculations
herein, it is expected that the central atom will be in the most bulk-like
environment as well. However, just as in any finite size object, there will be
variation of potential at the positions of symmetry non-equivalent atoms
within the simulated cluster. Hence, averaging over all of the atoms in the
cluster will give a measure of the effect of size. We will use this aspect of
cluster calculations to investigate size related effects. Here, we report the
result of the calculation of the electronic structure of clusters of Pu and their
comparison to bulk spectroscopic results. Lawrence Livermore National
Laboratory is operated by Lawrence Livermore National Security, LLC, for
the U.S. Department of Energy, National Nuclear Security Administration
under Contract No. DE-AC52- 07NA27344. Work at the RAS and VNIITF
was supported in part by Contract BS90089 between LLNL and VNIITF.
The Advanced Light Source (ALS) in Berkeley and the Stanford
Synchrotron Radiation Laboratory are supported

by the DOE Office of Science, Office of Basic Energy Science. For more
detail see:M.V. Ryzhkov, A. Mirmelstein, S.-W. Yu, B.W. Chung and J.G.
Tobin, “Probing Actinide Electronic Structure through Pu Cluster
Calculations,” Intl. J. Quantum Chem. 113, 1957 (2013); COVER
ARTICLE .

4:00pm AC+AS+MI+SA+SS-MoA7 First-Principles Density
Functional Theory Simulation on Rare-Earth-Based Oxides as Fast
Oxygen Ion Conductors, Mamoru Sakaue, M. Alaydrus, H. Kasai, Osaka
University, Japan, 7. Ishihara, Kyushu University, Japan

Development of novel fast ion conductors is a crucial issue for realizing
solid oxide fuel cells (SOFCs) which can operate in low temperatures.
While yttria-stabilized zirconia (YSZ) had been well-studied both by
experiments and theories, exploration of other types of materials retaining
high ionic conductivities in lower temperatures is still desired. Experimental
studies in the recent twenty years have found some rare-earth-based oxides
having higher ionic conductivities to be promising for operation below
600°C, and first-principles simulation studies on the materials have begun.

We studied atomic and electronic properties on oxygen-ionic conduction of
LaGaO;-, La,GeOs-, PrNiO4- and CeO,-based materials by first-principles
calculations based on density functional theory (DFT). We analyzed stable
structures, electronic densities of states, oxygen migration paths and
activation energies in the paths of pure and doped materials in order to
evaluate their capabilities in application to electrolytes or electrodes. The
obtained results of the activation energies showed good agreements with
experiments in several aspects. However, for Pr,NiO4- and CeO,-based
materials that contain lanthanoid elements, there remains an open question
about theoretical treatment of 4f electron states. The strong localization was
found to affect oxygen ion motions fundamentally as well as
electronic/magnetic properties. Then the strong electron-electron correlation
modifies simple trends in activation energies found for the lanthanoid series
within an approximation in which the correlation effects were neglected [1].

While fundamental reproduction of the strong electron-electron correlation
in localized states by DFT is extremely difficult, empirical corrections by
Hubbard U terms enable a practical solution to this problem. Here, the U
value can be determined only by comparison with experiments in most
cases because the value is affected by environment of the lanthanoid atoms.
However, a theoretical study based on an empirical model demonstrated
that the environment effects on 4f orbitals can be small if its strong
localization is maintained [2]. In the presentation, we confirm this rule
based on the results by the DFT first-principles calculations with Hubbard
U corrections and discuss possibilities of computational materials design of
lanthanoid-doped ceria (Ce;.,.Ln,O,.,) as electrolyte materials.

[1] M. Alaydrus, M. Sakaue, S. M. Aspera, T. D. K. Wungu, T. P. T. Linh,
H. Kasai, T. Ishihara and T. Mohri, J. Phys. Condens. Matter 25, 225401
(2013).

[2] E. Rogers, P. Dorenbos and E. van der Kolk, New J. Phys. 13, 093038
(2011).
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4:20pm  AC+AS+MI+SA+SS-MoAS8 Electronic Structure, Magnetic
Properties, and Magneto-Structural Transformations of Rare Earth
Magneto-Caloric Materials, Durga Paudyal, Ames Laboratory, V.K.
Pecharsky, K.A. Gschneidner, Jr., Ames Laboratory and lowa State
University INVITED
We present first principles modeling of structural and magnetic properties
of GdsGe, based magneto-caloric materials. The total energy as a function
of the shear displacement of slabs confirms stability of experimentally
observed crystal and magnetic structures. Small substitutions of the Gd by
Y and Lu lead to a catastrophic loss of ferromagnetism, but the substitutions
by La have no effect on the magnetism. Furthermore, substitutions of the
Ge by Si exert chemical pressure and transform the antiferromagnetic O(II)
to the ferromagnetic O(I) ground state. In addition, we present a pathway
for estimating the magnetic entropy change in the room temperature giant
magnetocaloric compounds, i.e. GdsSi,Ge,, by coupling first principles
outputs with the established magneto-thermodynamic models. The
theoretical values of the magnetic entropy change compare well with
experimental results.

This work was supported by the U.S. Department of Energy (DOE), Office
of Science, Basic Energy Sciences, Materials Science and Engineering
Division. The research was performed at the Ames Laboratory, which is
operated for the U.S. DOE by Iowa State University under contract # DE-
AC02-07CH11358.

Applied Surface Science
Room: 316 - Session AS+BI+MC+SS-MoA

The Liquid Interface & Depth Profiling and Sputtering
with Cluster Ion Beams

Moderator: Ian Gilmore, National Physical Laboratory,
Michaeleen Pacholski, The Dow Chemical Company

2:00pm AS+BI+MC+SS-MoAl Quantifying the Impact of Curvature,
Convection and Complexity on Dynamic Interfacial Tension of Fluid-
fluid Interfaces, Lynn Walker, Carnegiec Mellon University INVITED
The ability to control and predict the adsorption of species at fluid-fluid
interfaces is a central issue in many materials processing problems. In most
processing steps, this adsorption is dynamic and part of a larger transport
problem that requires understanding of local fluid flow, bulk diffusion,
interfacial curvature and the details of the adsorption and desorption
kinetics. We have been developing tools and a protocol to allow the details
of transport of surface active species to interfaces to be quantified. Several
examples of the characterization of complex fluid-fluid interfaces will be
discussed. The dynamics of adsorption of single and multicomponent
surfactant mixtures at oil-water and air-water interfaces has been
characterized using a microtensiometer. The use of microscale interfaces
allows the transport processes involved in adsorption to be analyzed and
both diffusion and kinetic parameters characterized. Microscale interfaces
with high curvature allow the impact of curvature to be characterized on the
dynamic interfacial tension (IFT) and mechanics of the interface. The scale
of the device allows the bulk solution in contact with the interface to be
changed rapidly. We are able to remove the bulk surfactant at different
points in during the dynamics of adsorption by rinsing the interface and
continuously replacing the bulk fluid with surfactant-free aqueous phase to
investigate the reversibility of adsorption. For a bulky nonionic surfactant, a
critical interfacial tension arises that links the transport dynamics to the
onset of partial reversibility in the system. By measuring the mechanical
properties of pre-rinsed and rinsed interfaces, we also find a critical
interfacial tension that leads changes in the elasticity of the interfaces. The
impact of changes in interfacial coverage on coalescence and competitive
adsorption are characterized to demonstrate the connection between
structure of complex interfaces and interfacial behavior.

2:40pm AS+BI+MC+SS-MoA3 In Situ Probing of Liquid Surfaces and
Interfaces by Time-of-Flight Secondary Ion Mass Spectrometry, Xiao-
Ying Yu, Pacific Northwest National Laboratory

The surfaces of aqueous phases and films can have unique kinetics and
thermodynamics, distinct from the bulk. However, major surface analytical
techniques are mostly vacuum-based and direct applications for volatile
liquid studies are difficult. We developed a vacuum compatible microfluidic
interface to enable direct observation of liquid surfaces and liquid-solid
interactions. The unique aspect of our approach is that 1) the detection
window is an aperture of 2-3 micrometers in diameter, which allows direct
imaging of the liquid surface, and 2) surface tension is used to hold the
liquid within the aperture. The microfluidic reactor is composed of a silicon
nitride (SiN) membrane and polydimethylsiloxane (PDMS) . Its application



in time-of-flight secondary ion mass spectrometry (ToF-SIMS) as an
analytical tool was evaluated using a variety of aqueous solutions and
complex liquid mixtures, some of which contain nanoparticles. Most
recently, we demonstrated in situ probing of the electrode-electrolyte
solution interface (or solid-electrolyte interface, SEI) using a new
electrochemical probe based on our original invention. It provides the first
direct observation of the surface and diffused layer of SEI in a liquid with
chemical speciation using ToF-SIMS. Moreover, we extended the
microfluidic reactor for biofilm growth and mammalian cell cultures and
real-time correlative characterization by more than one spectroscopy and
microscopy technique. Results from our latest development will also be
presented in additional to published ones, showcasing new directions and
applications using this novel approach based on microfluidics and combined
vacuum and ambient spectroscopy and microscopy multimodal imaging.

3:00pm AS+BI+MC+SS-MoA4 Mass Spectrometric Characterization
of Droplet Surfaces at Ambient Pressure, Kaveh Jorabchi, Georgetown
University

Mass spectrometric methods provide excellent selectivity and sensitivity for
chemical characterization of samples. For these methods, ionization
constitutes a key step where chemical information from the sample is
encoded into populations of gas-phase ions. Investigations on electrospray
ionization have shown that the ionization efficiency has a positive bias with
respect to surface affinity of analytes in droplets, opening a new avenue for
liquid surface analysis. This ionization bias stems from higher ion
production rates for surface active analytes. To this end, we have developed
a new method to monitor gas-phase ion formation rates from charged nano-
droplets. A pulsed nano-spray is used to emit a cloud of charged nano-
droplets within an atmospheric-pressure mobility cell. The droplets are
guided by a pulsed electric field through the mobility cell, undergoing
desolvation and ion production prior to detection by a time-of-flight mass
spectrometer. Each chemical species within the droplets creates an ion
cloud. The arrival times of the ions at the mass spectrometer are recorded by
varying the on-time of the pulsed electric field within the mobility cell,
enabling ion cloud size measurements. We demonstrate that the ion cloud
sizes are correlated with ion production rates, reflecting interfacial
propensity of the analytes. These measurements are consistent with the ion
evaporation mechanism from charged nano-droplets, providing a method
for liquid surface analysis based on gas-phase ion formation rates.

3:40pm AS+BI+MC+SS-MoA6 Organic Depth Profiling Alchemy:
Can We Transmute Data into Meaning?, Alexander Shard, National
Physical Laboratory, UK INVITED
Argon cluster sources suitable for depth profiling organic materials have
developed rapidly and are now widely available and routinely used to
analyse materials ranging from organic electronic devices to biological
samples. This fantastic progress allows detailed insight into the chemistry
and structure of organic materials with depth resolutions below 10 nm over
many micrometres. When combined with 2D surface chemical imaging,
detailed 3D reconstructions can be obtained allowing the label-free
visualisation of chemical distributions which were previously impossible to
obtain. However, because detailed understanding of the processes involved
is still developing, it is necessary to view such data with scepticism when a
quantitative answer is required. Conversely, the ability to perform nearly
damage-free profiles of organic materials allows us to answer fundamental
questions about surface analytical methods provided that the sample
analysed has a known structure and composition.

The recurring questions in organic depth profiling and 3D imaging relate to
the depth scale and the translation of a signal into a concentration, or
amount of material. At NPL, we have developed reference materials which
are designed to address these questions and in this talk an overview of
developments in quantitative organic depth profiling will be provided. The
use of XPS is shown to provide accurate compositions, as expected.
However, there are some practical issues to be understood involving X-ray
and electron damage and sample heating. Additionally, XPS suffers from
low sensitivity, specificity and lateral resolution compared to SIMS. Whilst
SIMS is fast, specific, sensitive and has high lateral resolution it suffers
from the lack of an adequate means of converting data into compositions.
Here, reference materials have been constructed which enable the most
important effects of the sample on SIMS data to be described. These effects
are outlined and include an apparent depth of origin difference for
secondary ions, surface transient behaviour and the matrix effect. It is also
shown how it is possible to use the matrix effect to assess the nanoscale
phase separation of materials.
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4:20pm AS+BI+MC+SS-MoA8 Argon Clusters - A Novel Solution for
the Depth Profiling of Metal Alloys and Inorganic Materials, Jonathan
Counsell, HL. Brannon, S.J. Coultas, S.J. Hutton, A.J. Roberts, C.J.
Blomfield, Kratos Analytical Limited, UK

Depth profiles are routinely used to gain information regarding elemental
concentration and chemical composition of complex heterogeneous
materials. Ton bombardment removes successive layers, exposing bulk
material. The difference in the chemical composition of the surface relative
to the sub-surface or bulk is often significant to the mechanical or electrical
performance of the material.

Here we will discuss the use of Argon clusters for depth profiling a range of
inorganic and alloyed materials. Traditionally, depth profiling inorganic
materials employed Ar* as the bombardment ion. Unfortunately, monatomic
Ar" can cause significant damage to the bulk structure of the material and
can preferentially remove lighter and less well bound elements leading to
misleading results. Recent studies show Argon cluster ions greatly diminish
the effects of preferential sputtering with simple metal oxides such as
titania." Here we wish to broaden this application to a wider variety of
materials including precious metal/non-precious metal binary alloys for
novel electrode surfaces and ternary and quaternary chalcogenides. We
show that with gentler ions, where the energy per atom can be as low as 5-
40 eV, it is possible to greatly reduce bulk damage and the preferential
removal of weakly bound elements in complex materials.”

References:

[1] J. D. P. Counsell, A. J. Roberts, W. Boxford, C. Moffitt and K.
Takahashi, J. Surf. Anal., 20 [3],2014,211-215

[2] A. Etin, G. E. Shter, R. Brener, S. Baltianski and G. S. Grader., J. Am.
Ceram. Soc., 90 [12], 2007, 3800-3803.

4:40pm AS+BI+MC+SS-Mo0A9 Low Temperature Plasma for Crater
Edge Depth Profiling of Crosslinking Organic Multilayers:
Comparison with Cgq and Argon Cluster Sputter Sources, Shin
Muramoto, National Institute of Standards and Technology (NIST), D.
Rading, ION-TOF GmbH, Germany, B. Bush, G. Gillen, National Institute
of Standards and Technology (NIST), D.G. Castner, University of
Washington

A model organic layer system consisting of three 1 nm delta layers of 2,9-
dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP) separated by three 30 nm
layers of tris(8-hydroxyquinolinato)aluminum (Alq3) was used to evaluate
the effectiveness of helium low temperature plasma (LTP) etching for the
preparation of crater edge surfaces for subsequent compositional depth
profile analysis. The quality of the depth profile was determined by
comparing the depth resolutions of the BCP delta layers obtained from the
plasma-etched craters with those obtained using ToF-SIMS dual-beam
depth profiling equipped with Ceo’' and argon cluster (Arigoo « 2500) Sputter
sources. Using the full width at half maximum (FWHM) of each delta peak,
the depth resolutions of the second and third delta layers were measured to
be 6.9 nm and 6.0 nm for the plasma-etched crater, respectively, which were
very close to the depth resolutions of 6.2 nm and 5.8 nm obtained from the
argon cluster depth profile. In comparison, the use of a 1/e decay length to
approximate the depth resolution gave results that identified the artifacts
caused by ion bombardment in SIMS depth profiling. The 1/e decay length
for the trailing edge of each delta were 2.0 nm and 1.8 nm for the plasma-
etched crater, respectively, while the argon cluster depth profile gave decay
lengths of 3.5 nm and 3.4 nm, owing to the longer tails produced by
artifacts and possibly by slower sputter rate through the delta layers. For the
Cgo®" depth profile, the need to rescale the axis as a result of a strong
nonlinear sputter rate gave artificially improved depth resolutions, where
FWHM of the delta peaks were 5.6 nm and 7.3 nm, respectively, and 1/e
decay lengths were 1.7 nm and 2.3 nm, respectively. Although some
artifacts such as contaminant deposition remain, low temperature plasma
was shown to be a viable option for creating crater edges for compositional
depth profiling without artifacts seen in ToF-SIMS depth profiling.

5:00pm AS+BI+MC+SS-MoA10 Desorption/Ionization induced by
Neutral Cluster Impact as a Versatile Tool for the Investigation of
Sensitive and Complex Biosamples, 4. Portz, Justus Liebig University,
Germany, M. Baur, University of Applied Sciences, Germany, C.R.
Gebhardt, Bruker Daltonik GmbH, Germany, Michael Durr, Justus Liebig
University, Germany

Desorption and ionization induced by neutral clusters (DINeC) can be
employed as a soft and matrix-free method for transferring surface-adsorbed
biomolecules into the gas phase. Using neutral clusters with polar
constituents such as SO,, the impacting clusters do not only provide the
energy necessary for desorption but also serve as a transient matrix in which
the desorbing molecule is dissolved during the desorption process. As a
consequence, desorption and ionization of oligopeptides and smaller
proteins can proceed at comparably low energies of the impacting clusters
and without any fragmentation [1]. Using a combination of DINeC and ion
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trap mass spectrometry, femtomol sensitivity was achieved for standard
oligopeptides such as angiotensin II or bradykinin [2]; good ion-to-neutral
ratio was observed [3].

In this contribution, we show that the signal of the intact molecules (M+H)"
is predominant even in the case of phospho- and glycopeptides, and typical
fragments were observed only in low abundance. The origin of these
fragments was investigated by comparison with ESI measurements of the
original solution as well as of samples which have undergone a similar
treatment as for the preparation of the DINeC samples. In that way, we
could show that fragmentation takes place already during sample
preparation and DINeC is suitable to directly measure such changes of the
samples.

Samples with a multitude of components as obtained from realistic
biotechnological processes such as tryptic digest of proteins were also
successfully analyzed. Peptide mass fingerprint analysis was applied for the
evaluation of the respective spectra with very good sequence coverage and
protein score. When compared to ESI or MALDI, a substantial number of
the unique peptides which were identified with DINeC were not detected
with the other methods. Notably, even in the presence of a large excess of
salt in the original solution clear spectra of the intact biomolecules were
detected. The results are correlated to the very properties of the DINeC
process. The method was furthermore successfully applied to a variety of
different classes of molecules such as lipids, dye molecules, and pesticides.

References:

[1] C. R. Gebhardt, et. al., Angew. Chem. Int. Ed. 48, 4162 (2009).
[2] M. Baur, et al., Rapid Commun. Mass Spectrom. 28, 290 (2014).
[3] B.-J. Lee, et al., Rapid Commun. Mass Spectrom. 27, 1090 (2013).

5:20pm  AS+BI+MC+SS-MoAll Cg and Argon Gas Cluster Ion
Sputter Depth Profiling for Quantitative Inorganic Thin Film Analysis,
Saad Alnabulsi, G.L. Fisher, S.R. Bryan, J.S. Hammond, J.F. Moulder,
Physical Electronics Inc.

A successful sputter depth profile accurately identifies layer thickness and
composition of materials as a function of depth within film structures. In the
case of inorganic thin films, monoatomic argon ion beam depth profiling
continues to be the preferred choice despite issues with preferential
sputtering, material migration, and chemical reduction that may occur
during the sputter process to alter the apparent profile of the analyzed

material' %,

The introduction of Cg cluster ion beam and argon gas cluster ion beam
(GCIB) sputtering in recent years provided the capability of successful
depth profiling of polymer and organic materials while preserving the
stoichiometry and chemical structure below the surface® (4!,

Currently, there is great interest in establishing the viability of these cluster
ion sources as an alternative to monoatomic argon ion beam sources for
analyzing inorganic semiconductor and glass films, with anticipated
improvement in the quantitative accuracy of inorganic depth profile results
516}

The purpose of this study is to present a comparative evaluation of
quantitative XPS analysis to demonstrate the benefits and limitations of
monatomic argon, Cg, and argon gas cluster ion beam sputtering for
compositional inorganic depth profiling.

[1]1R. K. Brow. J. of Vac. Sci. Technol. A7, 1673 (1989).

[2] V. Smentkowski. Prog. in Sur. Sci. 64, 1 (2000).

[3] T. Nobuta, T. Ogawa. J. of Mater. Sci. 44, 1800 (2009).

[4] C. M. Mahoney. Mass Spec. Rev. 29, 247 (2010).

[51Y. Yamamoto, K. Yamamoto. Mater. Sci. Eng. 18 (2011).

[6] D. Kobayashi, Y. Yamamoto, T. Isemura. Sur. and Inter. Anal. 45 113
(2013).
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Biomaterial Interfaces
Room: 317 - Session BI+AS+NS-MoA

Bio/Nano Interfaces
Moderator: Patrick Koelsch, University of Washington

2:00pm BI+AS+NS-MoAl Controlling Bio/Nano Interface Response
using Metal Oxide Atomic Layer Deposition: Zinc Oxide ALD Modifies
how Human Lung Fibroblasts respond Ir Vitro to Multiwall Carbon
Nanotubes, Erinn Dandley, A. Taylor, G.N. Parsons, J. Bonner, North
Carolina State University

Carbon nanotubes have been reported to cause pulmonary fibrosis in mice
after inhalation exposure. When inhaled, multiwall carbon nanotubes
(MWCNTs) activate macrophage inflammasomes and interleukin (IL)-1B
release, key cellular components of the innate immune response.
Macrophages are the first line of defense that engulf and remove inhaled
MWCNTs from the lungs. Macrophages are also a source of secreted
osteopontin (OPN), which promotes tissue matrix remodeling and fibrosis.
These responses may be triggered by the unique aspect ratio, aggregation or
surface chemistry of MWCNTs. In previous studies, we explored atomic
layer deposition (ALD) as a means to modify the surface functionality of
MWCNTs and studied how the surface coating affected the toxic response
of THP-1 cells, a widely used human monocyte/macrophage cell line, and
primary peripheral blood monocytes (PBMCs) obtained from normal
human donors. Compared to uncoated MWCNTs, we found that nanotubes
with Al,O; nanocoatings showed enhanced IL-1p secretion and decreased
OPN production in THP-1 cells and PBMCs, indicating that the coating
enhances the innate immune response and decreases pro-fibrotic activity.

In this study we examined the effect of ALD ZnO coatings on the
fibrogenic response in human lung fibroblast (HLFs) using mRNA
expression and secretion of transforming growth factor (TGF)-b 1 and
CXCL10, mediators that promote and deter fibrosis respectively. We find
that the ALD ZnO layer thickness can be controlled down to ~5nm, and the
thickness scaled directly with the number of ALD cycles, as observed by
TEM. Thicker coatings inhibited MWCNT aggregation, and sonication
allowed us to induce fiber fragmentation. In this way the ALD coating
allowed us to independently adjust surface termination, fiber aggregation,
and fiber aspect ratio, providing us a unique tool to examine how each of
these factors influences cellular response. Initial results show that the ZnO
coating significantly increased TGF-B1 mRNA expression and stimulated a
larger pro-fibrogenic response in HLFs compared to uncoated MWCNTs.
Control experiments using ZnO nanoparticles also showed potent induction
of TGF-f1 mRNA in HLFs. Also, the response tends to correlate with
extent of dispersion, and is nearly independent of MWCNT aspect ratio.
These experiments show that nanoscale surface functionalization of
nanoscale materials may help us gain better understanding of the
mechanisms associated with toxicology of nanomaterials, and expand
knowledge of biological response at nano/bio interfaces.

2:20pm BI+AS+NS-MoA2 Mechanically Optimized Fe (III) Doped
Silica Nanoshells as a Contrast Agent for Ultrasound Imaging and
HIFU Therapy, James Wang, A. Liberman, R. Viveros, C. Barback, S.L.
Blair, Z. Wu, R. Mattrey, W. Trogler, A.C. Kummel, University of California
at San Diego

Ultrasound (US) is a common medical imaging modality due to its
flexibility, low-cost and therapeutic potential. 500 nm silica nanoshells were
synthesized as a contrast agent to improve US imaging signal for better
diagnostic performance. Iron (III) was included into the silica network to
enhance the biodegradability of the silica nanoshells. Previously, ferric iron
was shown to facilitate silica nanoshell biodegradation due to its strong
binding affinity with serum transferrin proteins. The removal of iron from
the silica network by serum proteins fragments the nanoshells enabling
effective biodegradation for in vivo applications. The silica nanoshells are
filled with perfluorocarbon (PFC) vapor which expands and shatters the
nanoshells during US irradiation. A mechanically weaker silica nanoshell
increases US signal at lower power. A range of alkoxysilanes with selected
R-groups such as long chain hydrocarbons, fluorinated carbon chains,
fluorinated phenyl groups and vinyl groups were employed along with
tetramethyl orthosilicate and iron (III) ethoxide in a modified sol-gel
synthesis to create structural defects that alter the mechanical properties of
the nanoshells. Monodispersed 500 nm polystyrene beads were used as a
soft template during the reaction. The silica nanoparticles were calcined at
550 C to remove the polystyrene core and form hollow nanoshells. SEM
and TEM showed that 500 nm silica nanoshells with different
microstructures were synthesized incorporating alkoxysilanes with different
R-groups. Formulations with higher concentrations of alkoxysilanes with
large R-groups such as long chain hydrocarbons resulted in stronger in vitro
contrast enhanced ultrasound (CEUS) signals due to the increase of



structural voids that resulted in weaker shell strength. CEUS experiments
demonstrated that mechanically weaker silica nanoshells exhibited longer
signal life time and required a lower mechanical index (MI) for imaging.
The high intensity focused ultrasound (HIFU) properties of the modified
silica nanoshells were tested for potential therapeutic applications.
Mechanically weaker silica nanoshells were shown in vitro to require a
lower HIFU power to fracture which is consistent with safer HIFU therapy.
By synthesizing strength tunable silica nanoshells as US contrast agents, it
is possible to improve diagnostic US imaging performance in order to detect
smaller tissue structures or early stage tumors. Additionally, mechanically
weaker silica nanoshells may also increase the efficiency of HIFU enabling
HIFU at lower US power and/or higher speed.

2:40pm BI+AS+NS-MoA3 Synthesis, Functionalization, and Biological
Imaging with Quantum Deots, Preston Snee, University of Illinois at
Chicago INVITED
Semiconductor quantum dots (QDs, or nanocrystals), are very bright
chromophores that possess unlimited potentials in alternative energy
generation and for biological sensing and imaging applications. Our group
has made advances in the synthesis QDs to produce 100% efficient emitters;
furthermore, we can dope the semiconductor with guest ions to alter the
bandgap. We recently invented a method to dope each quantum dot with an
exact number of guest ions, a feat that was previously considered
impossible. As very bright fluorophores, quantum dots are ideal for
biological imaging and sensing. Our first contribution in this regard was to
develop methods of chemical and biological functionalization of water-
soluble quantum dots as many existing methods either quenched the QDs or
had very low reaction yields. We have circumvented these problems by
synthesizing polymers which serve as QD functionalization reagents; the
polymer — QD activated intermediate has increased stability and allows us
to conjugate chemical and biological vectors to the nanocrystals with
~100% reaction yields. We use these methods to functionalize QDs with
organic fluorophores that can report on the local chemical and biological
environment. We have synthesized several ratiometric, or “self-calibrating”
sensors, for pH, toxic metals, DNA, and proteins. In our recent work on
protein sensing, we have developed an all optical method for sensing un-
labeled proteins with a better detection limit than any currently existing
technology. We have also circumvented the well-known problem of
cytocellular delivery of quantum dots into live, adherent cells.

3:40pm BI+AS+NS-MoA6 Easynanofab: Fast, Simple, Combinatorial
Routes to Reusable Plasmonically Active Gold Nanostructures Over
Macroscopic Areas, A. Tsargorodska, O. El Zubir, Graham Leggett,
University of Sheffield, UK

Plasmonic effects associated with gold nanocrystals have attracted
widespread interest for the interrogation of biological molecules. Existing
approaches to fabrication of plasmonic nanostructures fall into two
categories: high precision methods such as electron beam lithography that
rely on complex, specialised infrastructure; and simple, low-cost methods
such as colloidal lithography that offer limited capacity. Here, we describe a
fast, simple method for the fabrication of re-usable, robust gold
nanostructures over macroscopic (cm?) areas that provides enormous scope
to control nanostructure morphology and dimensions, and which also uses
only simple apparatus and requires no access to a clean-room. We have
assembled a combinatorial library of over 200 different samples consisting
of highly crystalline gold nanostructures that exhibit varying morphologies,
dimensions and periodicities but yield intense plasmon bands. These
structures enable the rapid identification of optimum substrates for the
detection and analysis of biological targets, and provide a platform for
exploring the relationship between particle morphology and optical
properties. Self-assembled monolayers (SAMs) of alkylthiolates on
chromium-primed polycrystalline gold films are patterned using a Lloyd’s
mirror interferometer and etched using mercaptoethylamine in ethanol in a
rapid process. The use of a Cr adhesion layer facilitates the cleaning of
specimens by immersion in piranha solution, enabling their repeated re-use
without significant change in their absorbance spectra over two years.
Annealing yields structures with a uniformly high degree of crystallinity
that exhibit strong plasmon bands. Because of the ease with which
nanoparticle morphology may be controlled using interferometric
lithography (IL), it provides a convenient means to investigate the
correlation between structural parameters (particle dimensions, spacing) and
optical responses. The shift in the position of the plasmon band after site-
specific attachment of histidine-tagged green fluorescent protein (His-GFP)
and after adsorption of chlorophyll and bacteriochlorophyll was measured
for a range of nanostructured films, enabling the rapid identification of
structures that yielded the largest shifts. Strong resonant coupling was
observed when light-harvesting membrane protein complexes from plants
and bacteria were coupled to gold nanostructure arrays, yielding absorbance
spectra that were very different from those of the clean gold nanostructures.
This approach offers a simple route to the production of durable, reusable,
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macroscopic arrays of gold nanostructures with precisely controllable
morphologies.

4:00pm BI+AS+NS-MoA7 Impacts of Nanoparticle Synthesis Route,
Structure and Serum Proteins on the Dispersion and Dissolution of Ag
Nanoparticles in Biological Media, P. Munusamy, J.N. Smith, C. Liu, C.-
M. Wang, Pacific Northwest National Laboratory, S. Chen, Imperial
College London, UK, M.H. Engelhard, Pacific Northwest National
Laboratory, A.E. Porter, M.P. Ryan, Imperial College London, UK, Donald
Baer, Pacific Northwest National Laboratory

The wide-spread use of silver nanoparticles in consumer products raises
questions of environmental impact and toxicity. Because both silver
particles, and silver ions formed by particle dissolution, may impact
biological systems, it is important to understand the characteristics of silver
nanoparticles as they are made and their stability and dissolution in the
medium relevant to environmental and toxicological studies. Silver
nanoparticles produced by different synthesis routes can have significantly
varying physical and chemical characteristics. In this talk we will
summarize the characterization and dissolution stability of three types of
silver nanoparticles (20 nm particles synthesized with and without gold core
(~7 nm) and 110 nm particles with gold core) in cell culture media with
serum proteins: FBS10%/RPMI, the culture media used at Pacific
Northwest National Laboratory for in-vitro toxicity studies. These
nanoparticles were synthesized and prepared for biological study in aqueous
solution. They were examined in sifu using dynamic light scattering, zeta
potential measurements and optical adsorption and ex situ with x-ray
photoelectron spectroscopy and transmission electron microscopy. For the
dissolution studies, concentrations of particles examined were varied from 1
pg/ml to 50 pg/ml, consistent with the range of concentrations typically
used during in-vitro studies. Silver particles with gold cores had smaller
crystallite size and higher apparent solubility than three different batches of
pure ~ 20 nm silver particles. A simple dissolution model was found to
describe the time variation of particle size and amount of dissolved silver
for particle loadings above 9 pg/ml. The effective solubility product
obtained from fitting the data was higher for the 20 nm particles with the
gold core in comparison to the pure silver or 110 nm particles. The
dissolution of silver nanoparticles was also found to be enhanced by
presence of serum proteins contained in fetal bovine serum (FBS). In
addition, the protocol of dispersion in cell culture medium was found to
influence particle agglomeration and the rate of dissolution. In these
measurements focusing on a 24 hour time point, we found that the structure
of the silver nanoparticles can have a significant impact on the
concentration of dissolved silver in media and thus the dosimetry to which
cells would be exposed during in vitro studies.

This work has been supported by the NIEHS under Center grant U19
ES019544. Portions of this work were performed using EMSL, a national
scientific user facility sponsored by the US Department of Energy,
Biological and Environmental Research and located at PNNL.

4:20pm BI+AS+NS-MoA8 Analysis of Protein Coated Nanoparticles
by X-ray Photoelectron Spectroscopy and Solution-Based Particle Size
Techniques, C. Minelli, Natalie Belsey, A.G. Shard, National Physical
Laboratory, UK

The attachment of proteins to nanoparticles’ surface is of increasing interest
in medicine for applications such as drug delivery and diagnostics. The
unintentional acquisition of a protein corona from biological media is also
important in determining the performance and potential toxicity of such
particles. Understanding and refinement of the performance of nanoparticles
of use in medical applications require accurate and quantitative
characterisation of their protein interface. Our efforts are focussed upon
developing measurement techniques to enable useful characterisation of this
interface. In this study, three biomolecules of a range of sizes, shapes and
mechanism of interaction with gold surfaces, i.e. 16 AA peptide, BSA and
1gG, were adsorbed to gold nanoparticles (10, 20, 40, 60 and 80 nm) and the
shell thickness was measured in solution using dynamic light scattering
(DLS) and differential centrifuge sedimentation (DCS). UV-visible
spectrophotometry was used to monitor localised surface plasmon
resonance (LSPR) shifts of the nanoparticles due to the acquisition of the
protein shell. Combination of this information with thickness measurements
allowed for an estimation of the protein shell refractive index and average
number of biomolecules at the nanoparticle surface. X-ray photoelectron
spectroscopy (XPS) analysis of the same nanoparticles deposited on a PTFE
substrate enabled determination of the nanoparticle shell chemical
composition and dehydrated thickness, from which the number of
molecules at the nanoparticle surface was also estimated. Parallel
characterisation of the nanoparticles in their colloidal form and in vacuum
provided consistent results and the combination of the techniques revealed
farther insight into molecular adsorption at nanoparticles’ interfaces. The
complementarity of the approaches also allowed for validation of the
methods, which is important for their application to a wide range of
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nanoparticle types. For example, DLS and LSPR analysis are not suitable
for dealing with aggregated samples, but XPS is, while XPS measurements
of organic nanoparticles are challenging and liquid based techniques may be
preferred.

4:40pm BI+AS+NS-MoA9 Development of Nanofibrous Meshes as
Smart Dressings for Chronic Wound Care, Martina Abrigo, P.
Kingshott, S.L. McArthur, Swinburne University of Technology, Australia
Diabetic, pressure, venous and arterial ulcers are a large social, economic
and healthcare burden. These chronic non-healing wounds show delayed
and incomplete healing processes exposing patients to high risk of infection.
The design of wound dressings that combine the necessary morphological
and physical requirements for wound healing with the value-added
capability to address optimal cell responses and impair bacterial
proliferation represents a major challenge in chronic wound care. Polymeric
nanofibrous meshes fabricated through the electrospinning process are
promising candidates as wound dressings due to their high surface area,
micro-porosity and non-woven structure. In this study, the parameters of the
electrospinning process (such as spinning rate and electric field intensity)
were optimized to fabricate nanofibrous membrane in Polystyrene (M.W.
250.000). The morphological properties of the electrospun meshes were
analysed by bright microscopy, three-dimensional optical profiler, Scanning
Electron Microscopy (SEM) and Atomic Force Microscopy (AFM).
Electrospun materials have been used as scaffolds for tissue engineering for
a number of years, but there is surprisingly little literature on the
interactions of fibres with bacteria. In order to understand microbial
infiltration and control in wound dressings, a number of microbiological
assays (MTT, MTS and live/dead) were completed using E. Coli, P.
Aeruginosa, S. Aureus in an effort to understand how the morphological and
structural properties of the electrospun meshes influence bacterial
attachment, proliferation and growth.

5:00pm BI+AS+NS-MoA10 Electrophoretic Stretching of Tethered
DNA in Nanoslits, Jia-Wei Yeh, K. Szeto, H.G. Craighead, Cornell
University

We have investigated the field-extension of tethered DNA in nanoslits with
slit heights ranging from 30 to 130 nm, and performed an analysis from an
approximated modified worm-like chain (mWLC) field-extension relation.
DNA molecules attached to microspheres were anchored at a micro-
nanofluidic interface and the molecules electrophoretically extended. We
demonstrated that both the DNA segmental correlation and equilibrium
lengths increased as the slit height decreased. Furthermore, for extremely
confined DNA where h<30 nm, we observed reptation of the DNAs’
contours within the nanoslit, a phenomena that may be induced by
inhomogeneous surface charge distributions. This nano-confined system
may have implications for single-molecule sensors on detecting and
analyzing genetic, epigenetic markers, and related nanobiotechnological
applications.

5:20pm BI+AS+NS-MoAll Measuring DNA Looping Pathways using
Nanofluidic Manipulation, M. Roushan, Z. Azad, H. Wang, Robert Riehn,
NC State University

DNA performs a carefully choreographed ballet during the cell cycle. The
organization is driven by the specific binding of proteins to form tertiary
DNA-protein-DNA complexes. The search process that precedes the
formation must overcome the challenge of very low effective mobility of
genomic-sized DNA pieces in the dense cellular environment.

In this paper we will discuss a group of nanofluidic device that force two
DNA molecules to either slide past each other in parallel, or cross over each
other at a steep angle. Nanochannel cross-sections are 100x100 nm?, and are
hundreds of microns long. Because DNA is elongated through confinement,
loop with a length down to 2 kb can be directly observed in real time.
Channels are made of fused silica, enabling single-molecule observation of
both DNA and proteins. Because the effective concentration of DNA inside
channels exceeds 1 mg/ml with the channel at the point of DNA-DNA
contact, protein-mediated capture cross-sections are very high.

We will present analyses of different DNA-binding proteins that
demonstrate that we can distinguish dense and sparse binding modes and
the compensation of electrostatic DNA-DNA repulsion through protein
binding. We further report the detection of long-lived tertiary complexes
acting as a lock for looped DNA configurations, and the presence of very
short-lived transient links. We further demonstrate a pathway for loop
formation that is enhanced in nanochannel devices, and that may be
important in a cellular context. By using precision hydrodynamic flows, we
are able to measure free energies of the search process.
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Electronic Materials and Processing
Room: 314 - Session EM-MoA

Nanoparticles for Electronic Materials
Moderator: Jessica Hilton, Mantis Deposition, Joseph G.
Tischler, Naval Research Laboratory

2:00pm EM-MoAl Synthesis of Nanoparticles Via Gas-Aggregated
Sputtering, Cathal Cassidy, Okinawa Institute of Science and Technology,
Japan INVITED
Synthesis of nanoparticles via gas-aggregated sputtering allows direct
integration with electronic devices and their manufacturing processes. In
this talk, I will discuss the fundamentals of gas-aggregated sputtering, and
the diverse capabilities it offers for synthesis of novel nanoparticle
materials. Analytical models will be introduced, as well as molecular
dynamics modeling insights into growth and substrate landing of
nanoparticles. Example results, with a focus on transmission electron
microscopy studies, will be presented. Finally, the strengths and weaknesses
of sputtered nanoparticles for various device applications, such as sensor
layers, data storage and backend interconnects, will be discussed.

2:40pm EM-MoA3 Soft Landing of Size-Selected Nanoparticles: Novel
Materials for Electrocatalysis, Grant Johnson, R.J. Colby, M.H.
Engelhard, D. Du, Y. Lin, J. Laskin, Pacific Northwest National Laboratory

Soft landing of mass-selected ions onto surfaces is a powerful approach for
the highly controlled preparation of materials that are often unobtainable
using conventional synthesis techniques. A non-thermal physical synthesis
method, DC magnetron sputtering combined with inert gas-aggregation, has
been employed to produce anionic metal nanoparticles in the gas-phase
across a range of sizes, shapes and elemental compositions for controlled
deposition onto conductive electrode surfaces. Simultaneous sputtering of
multiple metal targets employing up to three independent DC magnetrons in
the same gas aggregation region is demonstrated to produce complex binary
alloy nanoparticles with well-defined elemental composition and
morphology. Size-selection of the anionic nanoparticles employing a
quadrupole mass-filter prior to soft landing is shown to provide effective
control over the size of nanoparticles delivered to surfaces. A suite of
cutting edge analytical techniques including atomic force microscopy,
scanning and transmission electron microscopy, x-ray photoelectron
spectroscopy and medium energy ion scattering is utilized to demonstrate
how the size, shape, elemental composition and surface density of soft
landed nanoparticles may be tuned to promote the efficient electrocatalytic
reduction of oxygen.

3:00pm EM-MoA4 Aerosol Spray Pyrolysis Synthesis and
Characterization of CZTS Nanoparticles, Stephen Exarhos, L.
Mangolini, University of California - Riverside

A novel synthesis technique for the production of copper zinc tin sulfide
(CZTS) nanocrystals has been developed using aerosol spray pyrolysis.
CZTS is a quaternary semiconducting material that shows promise as a
replacement to common semiconductors such as CdTe and CIGS for use in
photovoltaic devices. CIGS is currently being commercialized in the
photovoltaic industry, but rare and expensive indium and gallium
components threaten its long term viability. CZTS looks to be one of the
best alternatives to CIGS with all earth abundant and non-toxic materials
and a band gap of 1.5 eV [1]. A number of synthesis techniques have been
thoroughly studied and detailed previously. In our novel approach, we
synthesize single-phase 15 nm nanocrystals starting with zinc, copper, and
tin diethyldithiocarbamate precursors in a toluene solvent. The precursor
solution is aerosolized using a Collison type nebulizer wherein the droplets
are pushed through a tube furnace and nucleation occurs at atmospheric
pressure. The powder is then collected in a series of methanol-filled
bubblers. We reproducibly synthesize kesterite, Cu,ZnSnS,, nanocrystals.
This technique continuously converts the chemical precursor into high-
purity nano powder with a production rate of ~50mg/hour from ~100mL of
precursor solution with ~500mg total of the three diethyldithiocarbamate
precursors for an un-optimized lab-scale reactor. The motivation to use this
synthesis process as an inexpensive, quick, and simple method of
nanocrystal formation will be outlined. Further, a discussion of process
parameters on the stoichiometry of the nanoparticles will be presented as
well as results from extensive material characterization via Raman
spectroscopy, EDS, XRD, and TEM. We are currently in the process of
producing a printable ink technique with which to coat CZTS as the
absorbing layer for use in photovoltaic devices.

[1] H. Wang. “Progress in Thin Film Solar Cells Based on Cu,ZnSnS,,”
International Journal of Photoenergy, 2011.



3:40pm EM-MoA6 Peter Mark Memorial Award Lecture - Novel
Semiconductor and Epitaxial Nanocomposite Materials for Electronic
and Photonic Applications, Joshua Zide*, University of Delaware
INVITED
Advances in electronic materials (specifically, semiconductors and
nanocomposites) enable new device technologies and improve the
properties of existing technologies. In this talk, I will present efforts within
my group on the growth of new materials by molecular beam epitaxy and
the resulting advances in solar cells, thermoelectrics, and optoelectronics.

Specifically, T will discuss two material systems: (1) nanocomposites
consisting of metallic nanoparticles (such as ErAs and TbAs) within III-V
semiconductors (such as InGaAs and GaAs), and (2) dilute bismuthide
semiconductors in which bismuth is incorporated into III-V materials to
reduce the bandgap significantly, with unique band alignments that cannot
be easily achieved in other materials. In the former, the nanoparticles serve
as buried Schottky junctions, pinning the Fermi level and significantly
altering carrier dynamics. In the latter, we focus on In(Ga/Al)BiAs, where
compositional variations permits independent tuning of valence and
conduction bands.

Although these materials are built upon relatively-mature III-V systems,
electronic, thermal, and optical properties can be quite different from those
of conventional materials, with significant promise for applications in a
variety of technologies. Understanding the properties of these materials
enables the creation of designer semiconductors for particular applications
of interest.

4:20pm EM-MoA8 Assembly of Functional Nanocrystal Films at Fluid
Interfaces, Kevin Whitham, T. Hanrath, Cornell University

Opportunities to create materials with properties by design continue to
emerge from our ability to control the structure and composition of
nanomaterials through wet-chemistry synthesis methodologies. Access to
these materials has provided critical insights into basic structure-property
relationships. Concurrent advances in prototype nanomaterial-based devices
underscored their immense technological potential in a broad range of
energy applications including p hotovoltaics, catalysis, energy storage, and
thermoelectrics. Along with rising expectations, there is growing
recognition that sustained progress towards the acclaimed promise of
nanomaterial-enabled energy technologies depends critically on solving
outstanding processing challenges - in particular the dir ected assembly of
nanoparticles (NPs) into functional superstructures. We embrace this
challenge as an opportunity to establish the scientific and engineering
foundation for the processing of ordered and multifunctional NP thin films
via advanced liquid coating methods.

Our group recently demonstrated a significant advance to resolve this
challenge by creating NP assemblies that combine high spatial coherence
and strong interparticle electronic coupling. In brief, we discovered that
spreading a NP suspension across the surface of a non-polar antisolvent
subphase results in the formation of two-dimensional ( 2D ) superlattice of
epi taxially connected NP s. Our app roach to ‘connect the dots’ was
inspired by analogies to polymerize or crosslink NP s as monomers into
highly connected superstructures. The ability to form ‘confined-but-
connected’ 2D NP assemblies with predefined symmetries introduces
exciting opportunities to create materials with properties by design. By
analogy to atomic 2D systems (e.g. graphene), we see 2D NP assemblies as
a fertile ground for scientific discovery with a clear path towards practical
applications.

4:40pm EM-MoA9 Characterization of Cu,xS Nanoparticles in
Organic Matrices, Michael Majeski, I. Bolotin, L. Hanley, University of
Illinois at Chicago

Transition-metal chalcogenide nanomaterials show promise for applications
in photovoltaics and plasmonic devices. Of these class of materials, Cu,S
encompasses the environmentally friendly and earth abundant qualities not
afforded to many other heavy metal semiconductors. Copper sulfide
nanoparticles are prepared by physical vapor deposition without the surface
ligand capping effects known to inhibit and otherwise complicate charge
transfer. Another obstacle to the use of copper sulfide for photovoltaics is
the self-doping that occurs upon oxidation, which is compensated for here
by all-gaseous preparation of Cu,.xS nanoparticles into organic matrices.
These films are characterized by X-ray photoelectron spectroscopy,
transmission electron microscopy, high-angle annular dark-field scanning
transmission electron microscopy, X-ray absorption experiments, and other
methods. 2.3+ 0.4 nm Cu,.xS nanoparticles with copper in the +1 oxidation
state were deposited into pentacene films and additional structural
information will be presented.

* Peter Mark Memorial Award Winner
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5:00pm EM-MoA10 Optical Properties of PbSe Nanorods with
Controlled Diameter and Length, Diogenes Placencia, J.E. Boercker,
E.E. Foos, J.G. Tischler, Naval Research Laboratory

PbSe nanorods are attractive for use in next-generation optoelectronic
devices due to their exceptional physical properties such as larger Stokes
shifts and more efficient multiple exciton generation (MEG), relative to
spherical nanocrystals."* However, further development of PbSe nanorods
for viable technological components requires precise control of the nanorod
diameter and length as well as an understanding of how the nanorod
dimensions affect their optoelectronic properties. We have investigated the
nature of the PbSe nanorod synthesis, yielding an understanding of how to
independently control the nanorod diameter and length. Additionally we
have developed an elementary comprehension of how the nanorod
dimensions affect their optical properties.

Recently, single-crystal, homogeneous, PbSe nanorods were synthesized
using a solution synthesis.* In our work, we show that water present in this
synthesis has a dramatic effect on the nanorod aspect ratio and yield. By
varying the water concentration from 0 to 204 mM, the nanorod aspect ratio
and yield can be controlled from 1.1 to 10 and 1 to 14%, respectively.
Water indirectly affects the nanorod morphology and yield by reacting with
the tris(diethylamino)phosphine used in the reaction to form
bis(diethylamido)phosphorus acid. The latter is responsible for both the
nanorod aspect ratio and yield variations. Furthermore, the excess oleic acid
in the reaction can also create bis(diethylamido)phosphorus acid from
tris(diethylamino)phosphine. When both excess oleic acid and water are
removed, the reaction slows and highly uniform, non-branching, nanorods
are formed.®

Exploration of various synthetic parameters (e.g., temperature, reaction
time) within the nanorod reaction free of water and excess oleic acid
resulted in our ability to independently control the nanorod diameter and
length. Aspect ratios ranging from 1 to 14 have been synthesized, showing
no branching, varying levels of quantum yields, and a wide absorption
energy range (~1200 nm — 2000 nm).

References

[1] Tischler J G, Kennedy T A, Glaser E R, Efros A L, Foos E E, Boercker
JE, Zega T J, Stroud R M and Erwin S C 2010 Phys. Rev. B 82 245303

[2] Cunningham P D, Boercker J E, Foos E E, Lumb M P, Smith A R,
Tischler J G and Melinger J S 2011 Nano Lett. 11 3476

[3] Sandberg R L, Padilha L A, Qazilbash M M, Bae W K, Schaller R D,
Pietryga J M, Stevens M J, Baek B, Nam S W and Klimov V I 2012 ACS
Nano 6 9532

[4] Koh W-K, Bartnik A C, Wise F W and Murray C B 2010 JACS 132
3909

[5] Boercker J E, Foos E E, Placencia D and Tischler J G 2013 JACS 135
15071

5:20pm EM-MoAll Plasmonic Behavior of Copper Iron Sulfide
Nanoparticles, Katherine Plass, N.J. Freymeyer, C. Kim, C.J. Wisdo,
Franklin & Marshall College

Copper vacancies in copper chalcogenide result in sufficiently high levels
of p-type doping to generate plasmon resonances. The natural tendency
towards increased copper vacancies with time and air exposure is
exacerbated in nanoparticles.! We present here investigations into the
stabilization of plasmonic copper sulfide-based semiconductors.
Incorporation of iron slows the transition to copper deficiency® Here we will
discuss the affect of iron incorporation into copper sulfide nanoparticles on
the plasmonic behavior. Various phases were produced, ranging from
different polymorphs of Cu,S to CuFeS,, including solid solutions. The
solid-state structure, band gaps and edges, and plasmon band absorption of
these copper iron sulfide nanoparticles were responsive to the extent of iron
incorporation, as investigated by powder X-ray diffraction, cyclic
voltammetry, and visible/near-IR light absorption spectroscopy. The surface
chemistry influences the plasmonic behavior of these copper iron sulfide
nanoparticles and will be examined.’

(1) Lotfipour, M.; Machani, T.; Rossi, D. P.; Plass, K. E. Chem.
Mater.2011, 23, 3032-3038.

(2) Machani, T.; Rossi, D. P.; Golden, B. J.; Jones, E. C.; Lotfipour, M.;
Plass, K. E. Chem. Mater.2011, 23, 5491-5495.

(3) Freymeyer, N. J.; Cunningham, P. D.; Jones, E. C.; Golden, B. J;
Wiltrout, A. M.; Plass, K. E. Cryst. Growth Des.2013, 13, 4059—4065.
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Energy Frontiers Focus Topic
Room: 315 - Session EN+EM+MN+NS+TR-MoA

Energy Harvesting with Nanostructures
Moderator: Phillip Christopher, University of California -
Riverside

2:00pm  EN+EM+MN+NS+TR-MoAl Optical Engineering for
Colloidal Quantum Dot Photovoltaics, Susanna Thon, Johns Hopkins
University INVITED
The next generation of photovoltaics seeks to improve both efficiency and
cost through the use of flexible platforms and new materials. Colloidal
quantum dots (CQDs), semiconductor nanoparticles synthesized from
solution, are a particularly attractive material for solar energy. The bandgap
of films composed of arrays of CQDs can be tuned via the quantum
confinement effect for tailored spectral utilization. The performance of
CQD solar cells is currently limited by an absorption-extraction
compromise, whereby photon absorption lengths in the near infrared regime
exceed minority carrier diffusion lengths. I will review several photonic and
optical engineering schemes aimed at overcoming this compromise. These
include nanophotonic and geometric light trapping techniques, as well as
jointly-tuned plasmonic-excitonic photovoltaics. Additionally, I will discuss
how nanoscale engineering of CQDs and related materials can lead to
emergent optical properties for building color-tuned optoelectronic films.

2:40pm EN+EM+MN-+NS+TR-MoA3 Energy Transfer from
Nanocrystal Quantum Dots to Si Nanomembranes Monitored via
Wavelength Dependent Photocurrent Response, Weina Peng, S. Sampat,
S. Rupich, B. Anand, H. Nguyen, D. Taylor, Y. Gartstein, Y.J. Chabal, A.
Malko, University of Texas at Dallas

We report the observation of wavelength dependent photocurrent in thin
silicon nanomembranes (75 nm) coupled to colloidal CdSe/ZnS nanocrystal
quantum dots (NQDs). The measurement was performed on back-gated,
FET-type thin Si structures, which are functionalized with self-assembled
monolayer (SAM) of ester termination groups to prevent surface oxidation
and the formation of surface defect states. A thin film of nanocrystals is
drop casted on the surface and an increase of photocurrent, up to several
hundred nA, are recorded as a function of excitation wavelength on
NQD/SAM/Si devices vs. plain SAM/Si structures. Quantitative analysis of
photocurrent vs. NQD absorption spectrum allows us to ascribe the
observed photocurrents to the photoexcited NQD excitons transferred to the
underlying Si substrate via non-radiative and radiative energy-transfer
mechanisms ' .

'H. M. Nguyen, O. Seitz, W. N. Peng, Y. N. Gartstein, Y. J. Chabal, and A.
V. Malko, ACS Nano 6, 5574 (2012).

3:40pm EN+EM+MN+NS+TR-MoA6 Triboelectric Nanogenerator - A
New Energy Technology, ZhongLin Wang, Georgia Institute of
Technology INVITED
Triboelectrification is an effect that is known to each and every one
probably ever since the ancient Greek time, but it is usually taken as a
negative effect and is avoided in many technologies. We have recently
invented a triboelectric nanogenerator (TENG) that is used to convert
mechanical energy into electricity by a conjunction of triboelectrification
and electrostatic induction. As for this power generation unit, in the inner
circuit, a potential is created by the triboelectric effect due to the charge
transfer between two thin organic/inorganic films that exhibit opposite
tribo-polarity; in the outer circuit, electrons are driven to flow between two
electrodes attached on the back sides of the films in order to balance the
potential. Ever since the first report of the TENG in January 2012, the
output power density of TENG has been improved for five orders of
magnitude within 12 months. The area power density reaches 500 W/m?,
volume density reaches 490 kW/m®, and a conversion efficiency of ~50%
has been demonstrated. The TENG can be applied to harvest all kind
mechanical energy that is available but wasted in our daily life, such as
human motion, walking, vibration, mechanical triggering, rotating tire,
wind, flowing water and more. Alternatively, TENG can also be used as a
self-powered sensor for actively detecting the static and dynamic processes
arising from mechanical agitation using the voltage and current output
signals of the TENG, respectively, with potential applications for touch pad
and smart skin technologies. The TENG is possible not only for self-
powered portable electronics, but also as a new energy technology with a
potential of contributing to the world energy in the near future.

[1] Z.L. Wang “Triboelectric Nanogenerators as New Energy Technology
for Self-Powered Systems and as Active Mechanical and Chemical
Sensors”, ACS Nano 7 (2013) 9533-9557.
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[2] G. Zhu, J. Chen, T. Zhang, Q. Jing, Z. L. Wang* “ Radial-arrayed rotary
electrification for high-performance triboelectric generator”, Nature
Communication, 5 (2014) 3456.

4:20pm  EN+EM+MN+NS+TR-MoA8 Conflicting Roles of Charge
Traps in ETA Solar Cells: The CREM Point of View, Hagai Cohen,
Weizmann Institute of Science, Israel

The characterization of multi-interfacial devices commonly encounters
critical difficulties due to the limited access of standard electrical probes to
selected inner domains. In this respect, the XPS (x-ray photoelectron
spectroscopy) based CREM (chemically resolved electrical measurements)
[1] is a technique proposing particularly useful capabilities. Demonstration
of internal junction fields evaluation has already been provided, as well as
the direct measurement of layer-specific photovoltages in ETA (extremely
thin absorber) solar cells.[2] However, the complex dynamics realized
during charge separation in such cells has not yet been investigated
thoroughly by CREM.

The present work focuses on this issue, showing conflicting roles of charge
trap states and, specifically, their different expression under controllably
varied conditions. Comparison with complementary characterization
techniques is further discussed, demonstrating the unique insight provided
by CREM for their interpretation.

References
1. H. Cohen, Appl. Phys. Lett.85, 1271 (2004).
2.Y. Itzhaik, G. Hodes, H. Cohen, J. Phys. Chem. Lett.2, 2872 (2011).

4:40pm EN+EM+MN+NS+TR-MoA9 Understanding Morphological
and Structural Effect on Organic Photovoltaic Devices from Plasmonic
Particles using Advanced Characterization Techniques, Nuradhika
Herath, V. Lauter, J. Browning, Oak Ridge National Laboratory

Organic electronics have been under intense scientific interest in recent
years because of their attractive properties such as low cost fabrication
processes, ability to performance under low light, and flexibility. Major
achievements are based on use of new conjugated polymer and small
molecules in bulk heterojunction (BHJ) devices to increase the inner donor
acceptor interfaces of fully functional devices such as organic photovoltaics
(OPVs) and organic light emitting devices (OLEDs). Many strategies have
been introduced to enhance the power conversion efficiency (PCE) of
organic electronics. Among them, one of the most promising solutions to
enhance the absorption and device efficiencies of OPVs is incorporation of
various metal nanoparticles (NPs). Metallic NPs enhanced the efficiency of
the devices through local surface plasmonic responses (LSPR). This
phenomenon reduced the recombination level of geminate excitons and
increases the exciton dissociations, which enhanced the photocurrent and
fill factors of devices. However, metallic NPs blended within the active
layer can act as polaron traps detracting the device performances. In this
study, we investigate layer and interfacial structure of small molecule (SM),
p-DTS(FBTTh,), and fullerene, PC;0BM system incorporated with silver
(Ag) NPs, using neutron reflectometry (NR), X-ray reflectometry and
Atomic Force Microscopy (AFM). We present detailed composition
changes with Ag NPs concentrations along the film depth to understand
morphological and dynamical effects of BHJ devices incorporated with
plasmonic particles. To complement and enhance the findings from NR, we
report optical properties of the samples using UV-Visible absorption and
Photoluminescence spectroscopy. Our findings provide unique information
and clear insights into dynamics of plasmonic organic solar cells and their
future applications for further enhancement of PCE.

This research was conducted at Spallation Neutron Source and at the Center
for Nanophase Materials Sciences, which is sponsored at ORNL by the
Scientific User Facilities Division, Office of Basic Energy Sciences, U.S.
Department of Energy.

5:00pm EN+EM+MN+NS+TR-MoA10 Doped TiO, Based Core-Shell
Structures for High Efficiency Hybrid Solar Cells, Jonas Weickert, J.
Dorman, M. Noebels, M. Putnik, T. Pfadler, University of Konstanz,
Germany, A. Wisnet, C. Scheu, LMU Munich, Germany, L. Schmidt-Mende,
University of Konstanz, Germany

Hybrid solar cells, with an inorganic/organic interface for charge separation,
have been extensively investigated in the past decade in order to replace the
expensive Si based technology with an inexpensive alternative. Typically,
these devices incorporate a mesoporous TiO2 film which is decorated with
dye molecules and filled with a hole transport polymer, for example P3HT,
to conduct the electrons and holes, respectively. Recently, we have shown
that the efficiency of nanowire based hybrid solar cells can be increased
from ~1.8 % to 2.5 % through the formation of a Sn-doped TiO2|TiO2 core-
shell device created via a hydrothermal growth and subsequent TiCl4
treatment. However, this surface treatment presents difficulties in creating a
crystalline conformal coating, limiting the control over the extent of coating



and the crystallinity, directly affecting the charge injection from the
polymer into the TiO2 array. In this work, we directly deposit a controllable
TiO2 film through atomic layer deposition to conformally coat the nanowire
arrays with various thicknesses. By changing the thickness and TiO2
crystallinity, we are able to engineer the energy levels at the TiO2-dye-
P3HT interface due to the magnitude and position of the Fermi levels of the
core and shell material, influencing the rate of charge injection and
recombination. Furthermore, the crystallinity of the shell layer directly
affects the amount of dye that can be absorbed on the surface of the
nanostructures with a reduction in light absorption by roughly 30% from
anatase to rutile TiO2. Finally, a detailed mechanism will be proposed for
the device performances based on the energy level alignment between the
pinned Fermi-level TiO2 structure and the HOMO of the P3HT resulting in
a shifting open circuit voltage based on the crystal phases. Additionally, the
core-shell structures are characterized with photovoltage decay and
impedance spectroscopy measurements to study the charge transport and
recombination across these various interfaces.

5:20pm EN+EM+MN+NS+TR-MoA1l1l Stack Numbers Dependence of
the Activation Energies for Carrier Escape from and Recombination in
Strain-Balanced InGaAs/GaAsP MQW, Atsuhiko Fukuyama, T. lkari,
K. Nishioka, T. Aihara, H. Suzuki, University of Miyazaki, Japan, H. Fujii,
M. Sugiyama, Y. Nakano, The University of Tokyo, Japan

Fabrication of multiple quantum well (MQWs) in an absorption layer can
extend the absorption region toward a longer wavelength and enhance the
short-circuit current in the solar cells. However, MQWs function as
recombination centers, leading to degradation in both open-circuit voltage
and fill factor. We have already reported that the increase in stack number
of QW causes the degradation of carrier collection efficiency [1]. In this
study, we investigate the effects of stacks number on temperature
dependences of the photoluminescence (PL), photothermal (PPT) and the
surface photovoltage (SPV) signals. Although the photoexcited carriers in
the barrier should relax by the radiative recombination (PL), carriers can
thermally escape (SPV) or non-radiatively recombine (PPT) at the same
time. Therefore, the latter two methodologies give us new insights for the
carrier recombination and drift through the QW.

The present strain-balanced InGaAs/GaAsP MQWs absorption layer was
composed of a 7.0-nm-thick Ing»sGag7sAs well and a 10.8-nm-thick
GaAse6Po34 barrier. All layers were grown on an n-type GaAs substrate
using metal-organic vapor phase epitaxy. We prepared different samples
with MQW stack numbers of 10, 20, 30, and 40 in the i-region.

All PPT and SPV spectra showed three distinctive peaks followed by a step
like function. They were decomposed into inter-subband transitions
expressed by the two dimensional density of states for the QW and exciton
peaks [2]. Although the PL intensity decreases with increasing the
temperature, signals for PPT and SPV increases. We suppose two activation
energies for the process: one is that for the carrier escape from the QW and
another is for the non-radiative recombination in the QW. The three rate
equations were built for PL, PPT and SPV and the temperature dependences
are numerically fitted to estimate the two activation energies. As a result,
we have estimated the activation energy for carrier escaping from the QW is
constant as 70 meV for all samples with different stacks number. This is the
same as the calculated barrier height. However, the activation energy for the
non-radiative recombination increases from 6 to 49 meV for the sample
with 10 and 40 stacks. This means that radiative recombination increases
with increasing the stack number. The carriers thermally escape from the
QW again relax into next well and may contribute to increase the radiative
recombination.

[1] H. Fujii et al., Jpn. J. Appl. Phys. 51, 10ND04 (2012).

[2] M. Kondow, A. Fukuyama, and T. Ikari et al., Appl. Phys. Express 2,
041003 (2009).

Materials Characterization in the Semiconductor
Industry Focus Topic
Room: 313 - Session MC+2D+AP+AS-MoA

Characterization of III-Vs (2:00-3:20 pm)/Photovoltaics,
EUYV masks, etc. (3:40-4:40 pm)

Moderator: Alain Diebold, SUNY College of Nanoscale
Science and Engineering, Paul van der Heide,
GLOBALFOUNDRIES, NY, USA

2:00pm  MC+2D+AP+AS-MoAl  High Resolution SIMS Depth
Profiling in III-V Compound Semiconductors, Marinus Hopstaken, M.S.
Schamis, Y. Sun, A. Majumdar, C.-W. Cheng, B.A. Wacaser, G. Cohen, K.K.
Chan, D.K. Sadana, D.-G. Park, E. Leobandung, IBM T.J. Watson
Research Center

Recently, there has been renewed technological interest for application of
InGaAs and related III-V high-mobility materials as a potential replacement
for the MOSFET Si-channel [1]. Successful integration of novel materials
and processes requires accurate physical characterization of in-depth
chemical distribution with nm-scale resolution. We will address some of the
challenges regarding SIMS depth profiling of III-V materials and propose
analytical solutions for the characterization of more complex multilayer
substrates, impurities therein, and Ultra-Shallow Junction (USJ) doping
profiles.

Ion beam based sputtering of III-V compounds is intrinsically more
complex than in conventional Si substrates. One of the major issues with
depth profiling of III-V materials is their higher sensitivity to formation of
ion-beam induced topography, which has a detrimental impact on depth
resolution [2]. We have previously reported anomalous sputtering behavior
of (In)GaAs under low energy O, sputtering, causing severe degradation of
depth resolution [3].

In case of low energy Cs" sputtering at oblique incidence, we have achieved
uniform sputtering conditions on different III-V compounds with no
significant topography formation. We have demonstrated constant depth
resolution in II-V multilayer structures with decay lengths as low as 2
nm/decade at low Cs" impact energy (down to 250 eV).

We will address some of the analytical challenges regarding the
quantification of depth and concentration scales in III-V multilayer
structures, grown by hetero-epitaxy. We employ explicit corrections for
yield variations using appropriate standards in their respective matrices. A
special case occurs for the group IV n-type dopants (i.e. Si, Ge), which are
typically monitored as negative cluster ion attached to the group V element
for reasons of sensitivity. We have developed a quantification scheme to
determine [Si] doping profiles in hetero-epitaxial structures, composed from
the negative cluster ions (e.g. SiAs’, SiP") in the respective matrices.

In summary, this work has improved our fundamental understanding of
low-energy ion beam interactions in III-V materials, which is essential for
achieving sub-nm depth resolution in thin-film structures. In addition, this
work has provided with an optimum window of analytical conditions for
quantitative analysis of a wide variety of impurities and dopants with high
sensitivity in different III-V materials.

1.Y.Sunetal., [EDM 2013 Conf. Proc., p. 48-51.

2. E.-H. Cirlin, J. J. Vajo, R. E. Doty, and T. C. Hasenberg, J. Vac. Sci.
Technol. A9, 1395 (1991).

3. M. J. P. Hopstaken et al., J. Vac. Sci. Technol. B28,1287, (2012).

2:20pm MC+2D+AP+AS-MoA2 Nitrogen Incorporation in Dilute
Nitride III-V Semiconductors Measured by Resonant Nuclear Reaction
Analysis and Ion Beam Channeling, John Demaree, S.P. Svensson, W.L.
Sarney, US Army Research Laboratory

The behavior of dilute nitride III-V semiconductors depends critically on
the number of nitrogen atoms residing substitutionally on Group V sites,
and this small nitrogen incorporation may be used to tailor the optical
bandgap for detection of electromagnetic radiation in future low-cost near-
infrared imaging systems. In this study, films of GaAsN and GaSbN were
synthesized using molecular beam epitaxy at various temperatures and
growth rates, with the assistance of a nitrogen plasma source isotopically
enriched with '"N. The films were examined using x-ray diffraction,
secondary ion mass spectroscopy, x-ray photoelectron spectroscopy, and
resonant nuclear reaction analysis (RNRA) to assess the amount of nitrogen
incorporation. Furthermore, RNRA measurements were combined with ion
beam channeling methods to ascertain the fraction of incorporated nitrogen
atoms residing on substitutional and interstitial lattice sites. The narrow
energy resonance and corresponding high depth resolution of the nuclear
reaction used (the 897 keV p,gamma reaction with '*N) also enabled an
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assessment of the substitutional incorporation of the nitrogen throughout the
thickness of the 100-400 nm thick films.

2:40pm MC+2D+AP+AS-Mo0A3 Determination of Growth Conditions
for Highly Mismatched Alloys, Using In Situ Auger Electron
Spectroscopy and Flux grading, Stefan Svensson, W.L. Sarney, US Army
Research Laboratory, M. Ting, K.M. Yu, Lawrence Berkeley National
Laboratory, L. W. Calley, Staib Instruments, Inc.

The electronic band structures of GaN can be effectively modified by the
incorporation of Sb. Because of the high electronegativity mismatch
between Sb and N growth of GaNSb by molecular beam epitaxy (MBE)
must be done at relatively low temperatures and under N-rich condition in
order to control the bandgap of the material. The Sb-flux must also be
chosen carefully in relation to the growth rate and N-overpressure to control
composition and crystallinity. These growth conditions represent a vast
parameter space, which is extremely time-consuming to explore in a
systematic fashion.

The typical approach for attacking such a problem is to judiciously select a
limited set of parameter combinations based on experience and literature
data. However, if growth windows are narrow there is no guarantee for
success. To more quickly cover a larger parameter range we have grown a
very limited number of samples but continuously varied one parameter at a
time while employing a combination of in situ and ex situ probes that can
reveal critical parameter points. The most novel piece of equipment is the in
situ STAIB Auger Probe, which allows uninterrupted chemical analysis
during crystal growth. In all of the following experiments the substrate
temperature was fixed at 325 °C.

In one experiment we determined the transition between Ga- and N-rich
MBE growth conditions of GaN by setting a fixed N-flow that generated a
steady-state background chamber pressure of 1.5x10”° Torr, while the Ga-
source was set up to generate a linear flux ramp from 9.8x10'° to 3.9x10'®
at/m*/s over two hours. During this ramp, the Auger electron signals for N
(375 eV), and Ga (1050 eV) were continuously monitored. As expected,
both the Ga and N signals increased as a GaN film was starting to form
under N-rich conditions and subsequently stabilized. At about 80 min the
N-signal started decreasing, which we define as the boundary between N-
and Ga-rich conditions and could thus determine the critical Ga-flux
relative to the N gas-flow.

In a second experiment the previous information was used to set Ga- and N-
fluxes to slight N-rich conditions, while the Sb-valve was slowly opened. In
this case both the Auger signals and the reflection high-energy electron
diffraction pattern were observed to find the transition between crystalline
and amorphous growth conditions. The sample was subsequently analyzed
with Rutherford backscattering, which verified the varying Sb-composition.
With the data from these two test samples subsequent films were grown
with the desired bandgap of 2.2 eV suitable as photoelectrodes for
photoelectrochemical water splitting application.

3:00pm  MC+2D+AP+AS-MoA4  Electron Channeling Contrast
Imaging: Examining Dislocation Effects in III-Ns, J.K. Hite, U.S. Naval
Research Laboratory, P. Gaddipati, American Society for Engineering
Education, Michael Mastro, C.R. Eddy, D.J. Meyer, U.S. Naval Research
Laboratory

III-N materials continue to play a significant role in a range of technologies
from rf electronics to visible and UV emitters and detectors. This is true
despite a heavy population of extended defects in the active regions of these
devices, which degrade the operation, potential performance, and reliability
of such devices. With such high dislocation densities when grown
heteroepitaxially on sapphire or SiC (10%-10" cm™), techniques to reliably,
rapidly, and non-destructively determine spatially defect density are
necessary to determine the effects of these defects on device performance.

The most precise characterization tool for defect density has been
transmission electron microscopy, but this is a destructive technique, as are
other methods such as molten KOH or photo-electrochemical etching of the
surface to reveal dislocation sites. Cathodoluminescence imaging only
detects dislocations which change the optical emission of the material. X-
ray diffraction can be used to extrapolate dislocation density, but not
identify individual defects.

Electron channeling contrast imaging (ECCI), a non-destructive technique
that has been used to examine defects in metals and ceramics, has recently
seen use in Ill-nitride semiconductors. This technique allows for direct
imaging of dislocations, grain boundaries, and topological information all at
once. We will present an overview of the uses of ECCI in characterizing I11-
N materials, culminating in recent work applying the technique to
AlGaN/GaN HEMT structures. By imaging the active areas of van der
Pauw structures on a single sample with varying mobility, we find a direct
negative correlation between screw dislocation and electron mobility.
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3:40pm MC+2D+AP+AS-MoA6 EUV Lithography Mask Cleaning
Applications of TOF SIMS Analysis, Thomas Laursen, S.W. Novak,
SUNY College of Nanoscale Science and Engineering, 4. Rastegar,
SEMATECH, T. Nakayama, SUNY College of Nanoscale Science and
Engineering

Extreme-UV Lithography (EUVL) is the current R&D frontier for the
semiconductor industry. Developing this new technology is generating new
studies into a range of new materials issues. EUVL photomask is one
important branch of this technology and serious issues have been identified
related to the mask surfaces. Photomask performance is usually
characterized in terms of EUV (A = 13.5 nm) Reflectivity (EUVR) and
absorption. But when it comes to surface degradation by radiation exposure
and mask cleaning of defects, it is valuable to complement EUVR with a
surface analytical technique in order to elucidate the material changes
taking place. TOF SIMS has proven to be a versatile analytical technique in
this regard. While it may not be the optimal technique in each and every
case, it does provide high sensitivity to compositional changes and high-
resolution depth profiles. Furthermore, TOF-SIMS analysis on the IonTof
V-300 can be done using full-size photomasks which allow analysis at the
various stages of processing.

The surface structures on the EUV mask surface consist of a stack of thin
films having thicknesses ranging from 1 to 50 nm. The reflective layer
contains 40 bilayers of Mo-Si consisting of 2.7 nm Mo and 4.1 nm Si—
ending with a Si layer. This multilayer is usually capped with either a 2.5
nm Ru or in some cases a 2 nm TiO, surface film. Metallic films with high
extinction coefficient with thicknesses in the range from 35 to 75 nm are
deposited as an absorber layer and patterned on Ru-capped multilayer
blanks.

The combination of EUVR and TOF-SIMS analysis of the Ru capped
multilayer EUV masks and blanks provided detailed information on the
effects of cleaning on contamination, materials degradation and oxidation.
Whereas the EUVR measurements could be directly related to mask
specifications, the TOF-SIMS analysis provided more detailed information
on surface contamination and oxidation levels, as well as surface-film
integrity.

The interactions of the various segments constituting a cleaning process
have been characterized in terms of their effect on film etching and
removals as well as film oxidation. In general sulfuric acid - H202 -based
treatments caused a severe deterioration of the film structures, whereas
NH40H - H202 -based treatments (SC1) caused a more manageable
deterioration. Current mask cleaning processes are therefore primarily based
on SC1 cleaning. Another concern for mask defectivity is progressive
defects generated by sulfate and ammonium compounds. TOF-SIMS was
also used to study the aggregation of these compounds during electron
irradiation (simulating EUV-irradiation conditions), which was visualized
by stage-scan imaging.

4:00pm MC+2D+AP+AS-MoA7 Characterization of Ag/CulnSe; Thin-
Film Photovoltaics by Photoelectron Spectroscopy, Pinar Aydogan,
Bilkent University, Turkey, N. Johnson, A. Rockett, University of Illinois at
Urbana-Champaign, S. Suzer, Bilkent University, Turkey

Photovoltaic power source technology is one of the most desirable ways to
provide energy for the world of tomorrow. Hence, it is important to
understand the surface, electrical and photo-induced properties of these
materials in order to enhance their efficiencies. Currently used materials in
photovoltaic manufacturing technology are mainly crystalline silicon, CdTe
(cadmium telluride), amorphous and nanocrystalline silicon, CIS (copper
indium diselenide) and CIGS (copper indium gallium selenide). In this
study, we focused only on the silver/copper indium diselenide cells, which
contain a CdS layer on top. X-ray photoelectron spectroscopy (XPS) that
we used for analysis was modified to apply both an external photo
illumination and voltage bias during data acquisition. The first part of the
research focuses on the result of photo induced variations in binding
energies of elements and the main objective is to understand the different
binding energy shifts of each element in the Ag/CulnSe, films in both
wavelength- and intensity-sensitive fashion under illumination with three
different continuous wave lasers. Furthermore, electrical charging
properties of CIS/CdS thin film are studied with externally applied
electrical square-wave pulses (SQW), so-called Dynamic XPS. Results will
be presented with an ultimate aim of better understanding of the roles of
defects affecting the performance of CIS devices. This work was supported
by a joint NSF-TUBITAK collaborative research project (NSF Grant No:
1312539 TUBITAK Grant No: 212M051).



4:40pm  MC+2D+AP+AS-MoA9 Facile Synthesis of Composition
Tuned Cu;4Zn,O Nanoarchitecture on Alpha-Brass, Y. Myung, Sriya
Banerjee, Washington University, St. Louis, H. Im, J. Park, Korea
University, S. Raman, Physical Electronics Inc., P. Banerjee, Washington
University, St. Louis

Composition controlled Cu;ZnO layers have been synthesized on
pretreated a-brass followed by ambient oxidation. The pretreatment consists
of a vacuum anneal step which effectively depletes the surface of Zn. The
depleted Zn specimens were then oxidized at various temperatures ranging
from 300°C — 600°C. SEM and XRD result shows the oxide consists of
CuO/ZnO film/nanowire composite architecture. The analysis of electronic
structure (XPS) and optical properties (PL) shows the formation of Zn
containing alloy in the surface region of CuO films. The composition ratio
of Cu and Zn were calculated based on XPS survey spectra. In particular,
XPS fine spectra revealed that as the oxidation temperature increases, the
binding energy of Zn 2p;,shifts to higher energy, suggesting the possibility
of hybridization between the Zn ions and Cu ions.

Photoelectrochemical properties of Cu;.,Zn,O cathodes exhibit robust
photocurrent densities (~3 mA/cm?). We suggest the dezincification
followed by thermal oxidation provides a better approach for composition
tuned nanostructure design and fabrication. These semiconductor
nanoarchitectures are excellent candidate materials for fabricating solar
energy harvesting photoelectrodes as well as optoelectronic devices.

5:00pm MC+2D+AP+AS-MoA10 In-line Dimensional Measurement
via Simultaneous Small Spot XPS and XRF for Cu CMP Process
Control, B. Lherron, ST Microelectronics, Wei Ti Lee, Revera, Motoyama,
Chao, Deprospo, Kim, IBM

As Cu lines used for CMOS devices interconnections become thinner and
smaller, current metrology solutions reach their limits. XRay Photoelectron
Spectroscopy (XPS) and XRay Fluorescence (XRF) are commonly used as
Semiconductor manufacturing process control techniques to measure
composition and/or film thickness. In this paper we are exploring the use of
a combination of XPS and XRF collected simultaneously to measure the
dimensions (line top CD, area and thickness) of Cu lines post Cu CMP on
patterned structures. A set of structures with different Cu line width and
pitch were used to demonstrate the capability of XPS/XRF on this new
application. Results obtained showed good correlation with predicted CD
measured by XPS and line section measured by XRF .The paper will also
present the comparison with cross section as well as the performance in
precision, sensitivity and accuracy of the newly developed technique.

This work was performed by the Research and Development Alliance
Teams at various IBM Research and Development Facilities

5:20pm MC+2D+AP+AS-MoA1ll Imaging of the Native Inversion
Layer on Silicon-on-Insulator via Scanning Surface Photovoltage;
Implications for RF harmonic generation, Daminda Dahanayaka, 1BM,
A. Wong, Dartmouth College, P. Kaszuba, L. Moszkowicz, R. Wells, F.
Alwine, IBM, L.A. Bumm, University of Oklahoma, R. Phelps, J. Slinkman,
IBM

Imaging of the native inversion layer on Silicon-on-Insulator via
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Randall Wells', Frank Alwine', Lloyd A. Bumm’, Richard Phelps' and
James Slinkman'

'IBM Microelectronics, 1000 River Street, Essex Junction, Vermont 05452

*Thayer School of Engineering, Dartmouth College, 14 Engineering Drive,
Hanover, NH 03755
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One of the major challenges encountered during the development of IBM’s
state-of-the-art RF CMOS Technology on Silicon-on-Insulator (SOI) was to
overcome the adverse effects on the harmonic performance of stacked
switch devices and transmission lines due to the presence of trapped
positive charge, Q°, at the interface of the buried oxide (BOX) and the
underlying high-resistivity substrate (SX). Most commercially available
standard SOI substrates for RF applications have specifications to maintain
Q" less than 10" ¢cm™ The substrate resistivity for IBMs technology is
specified to be greater than 1000 ohm-cm, (p-type), i.e. po = 5 x 10"* cm™.
This combination induces a “built-in” n-type inversion layer just under the
BOX/SX interface. Using “Scanning Surface Photovoltage” (SSPV)
microscopy, we present the first data to show quantitatively the extent of
this inversion layer into the substrate. The technique disclosed here
quantifies the inversion layer, the degree to which it can be suppressed, and

has led to further enhancements to the RF technology on SOI, such as
substantial NFET off-state leakage reduction.

References

[1] A. Botula et al., IEEE Topical Meeting on Silicon Monolithic Integrated
Circuits in RF Systems, 2009. SiRF '09, 1-4 (2009).

[2] L.A. Bumm et al., US Patent No. 7,944,550.
[3] T. Ohno,JEDMTech. Digest, 627-630 (1995).
[4]17J. Greco et al., US Patent No. 8299537 B2.

Magnetic Interfaces and Nanostructures
Room: 311 - Session MI-MoA

Topological Insulators/Rashba Effect
Moderator: Rosa Alejandra Lukaszew, The College of
William and Mary

2:00pm MI-MoAl Spin-Polarized Electronic Structure at Strongly
Spin-Orbit Coupled Surface, Koji Miyamoto, Hiroshima Synchrotron
Radiation Center, Japan INVITED
Topological insulators and Rashba systems possess peculiar spin dependent
electronic structure arising from a combination between a broken space
inversion symmetry and strong spin-orbit interaction and are expected as
key materials to revolutionize spin current devices without external
magnetic field. However, the spin-orbit interaction cause the spin diffuse
scattering and spin relaxation time shortens. For promoting practical use, it
is necessary to enhance the short spin relaxation time. Topological
insulators and Rashba systems possess peculiar spin dependent electronic
structure arising from a combination between a broken space inversion
symmetry and strong spin-orbit interaction and are expected as key
materials to revolutionize spin current devices without external magnetic
field. However, the spin-orbit interaction cause the spin diffuse scattering
and spin relaxation time shortens.

For promoting practical use, it is necessary to enhance the short spin
relaxation time. The spin relaxation time is also dependent on the spin
texture caused by spin-orbit interaction, therefore, it enhance demand to
directly observe the spin dependent electronic structure. The spin- and
angle-resolved photoemission spectroscopy (spin-ARPES) is a most
powerful tool to do it. However, it is not enough energy- and angle-
resolution (AE~100 meV, A6~2°) of common spin-ARPES systems to
clarify the detail spin texture due to the low efficiency (e~10™) of the
conventional Mott-type spin detector. Recently, our group have developed
novel high-efficient spin-ARPES system[1]. The system consists of a highe
performance hemispherical analyzer (VG-Scienta R-4000) and high
efficient spin detector based on very low energy electron diffraction of
Fe(001)p(1x1)-O, which has 100 times higher efficiency. Finally, the
highest AE and A8 have been improved to 8meV and 0.37°.

In this symposium, I present the researches on spin texture for several
strongly spin-orbit coupled system such as Rashba systems [2] and
topological insulators [3] studied by our developed high efficient spin-
ARPES system.

Reference

[1] T. Okuda, K. Miyamoto et al., Rev. Sci. Instrum. 82, 103302 (2011).
[2] K. Miyamoto et al., New. J. Phys. accepted.

[3] K. Miyamoto et al., Phys. Rev. Lett. 109, 166802(2012).

2:40pm MI-MoA3 Spin Chirality in Momentum Space for Surface
States on TU/Si(111) and TV/Ge(111), Markus Donath, S.D. Stolwijk, P.
Eickholt, A.B. Schmidt, Muenster University, Germany, K. Sakamoto, Chiba
University, Japan, P. Krueger, Muenster University, Germany

The TI/Si(111)-(1x1) surface is known for its outstanding properties due to
spin-orbit interaction: a rotating spin pattern in momentum space and an
unoccupied surface state with giant spin splitting at the K point [1,2]. In this
contribution, we focus on the unoccupied surface electronic structure along
the 'M and MK high-symmetry directions. Spin- and angle-resolved
inverse-photoemission experiments with sensitivity to the in-plane and the
out-of-plane components of the spin-polarization vector were performed
with our recently developed rotatable spin-polarized electron source [3].
Along both high-symmetry directions, our experiments reveal a surface-
derived state with giant spin-orbit-induced splitting, in agreement with our
theoretical findings. The state is purely in-plane polarized along I'M,
whereas the out-of-plane component is dominant along KM. As a
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consequence, spin chirality is found in momentum space around the M
point.

We will compare our results for TI/Si(111) with data for the isoelectronic
Tl/Ge(111) surface. Differences in the surface electronic structure between
the two surfaces appear along I'M, where the Rashba-type spin-split surface
state on TI/Ge(111) lies within a band gap, while it is degenerate with bulk
bands on the Si substrate. Consequences for the spin texture will be
discussed.

[1] K. Sakamoto ef al., Nature Commun. 4, 2073 (2013).
[2] S.D. Stolwijk et al., Phys. Rev. Lett. 111, 176402 (2013).
[3] S.D. Stolwijk et al., Rev. Sci. Instrum. 85, 013306 (2014).

3:00pm MI-MoA4 Spin-Orbit-Induced Spin Polarization in the
Unoccupied Electronic Structure of W(110), Henry Wortelen™,
Westfélische Wilhelms-Universitit Miinster, Germany, H. Mirhosseini,
Johannes Gutenberg-Universitidt, Germany, J. Henk, Martin-Luther-
Universitdt Halle-Wittenberg, Germany, A4.B. Schmidt, M. Donath,
Westfilische Wilhelms-Universitidt Miinster, Germany

The spin texture in the electronic structure of heavy elements and
topological insulators, which is caused by spin-orbit interaction, is a hot
topic of today’s research in condensed matter physics. On W(110), a spin-
polarized Dirac-cone-like surface state has been found recently, which is
reminiscent of topological surface states [1, 2]. While the occupied bands
including this surface state are well investigated by spin- and angle-resolved
photoemission, there is basically a blank area on the E(kj)-map above the
Fermi level.

We present a combined experimental and theoretical study on the
unoccupied electronic structure of W(110). We interpret our spin- and
angle-resolved inverse photoemission experiments on the basis of band
structure and one-step-model calculations. We compare results for I'-N and
I'-H, which are nonequivalent due to the two-fold symmetry of the W(110)
surface.

A complex spin structure is observed for the surface-state emissions, in
which the symmetry of the respective states plays a crucial role. Using
several photon detectors and therefore being sensitive to different photon
takeoff angles result in different spin-polarization signals of the same
electronic state even for normal electron incidence. This shows that the
measured spin polarization is highly dependent on the geometry of the
experimental setup and does not necessarily resemble the spin structure of
the state under investigation. To derive the spin texture of the electronic
states experimentally, the photon-emission process has to be taken into
account. In this context, we will address how the symmetry of the states
influences the observed spin polarization.

[1] K. Miyamoto ef al., Phys. Rev. Lett. 108, 066808 (2012)
[2] H. Mithosseini ef al., New J. Phys. 15, 033019 (2013)

3:40pm MI-MoA6 Reorganization and Annihilation of Topologically
Nontrivial Surface and Interface States, Jiirgen Henk, Martin Luther
University Halle-Wittenberg, Germany INVITED
Topological insulators are characterized by an insulating bulk and
topologically protected surface states. The latter bridge the fundamental
band gap und often show linear dispersion, i.e., a Dirac cone. In this
presentation, I am going to answer two questions: how is the Dirac surface
state of Bi,Te; modified upon deposition of noble metal atoms? And
second, is it possible to confine nontrivial interface states between two
topological insulators? The findings have impact for spin-dependent
transport.

The electronic structure of Au-covered Bi,Te; is investigated by first-
principles calculations [1]. The Dirac surface state of Bi,Te; hybridizes with
the Au sp states, which gives rise to strong reorganization of the surface
electronic structure. Striking features of the modified Dirac surface state are
(i) the introduction of new Dirac points within the fundamental band gap of
Bi,Te;s, (ii) an extremely weak dispersion, and (iii) an anisotropic number of
conducting channels in the fundamental band gap of Bi,Te; which leads to a
complicated Fermi surface.

I shall also show that nontrivial electronic states exist at an interface of a Z,
topological insulator and a topological crystalline insulator [2]. At the
exemplary (111) interface between Bi,Te; and SnTe, the two Dirac surface
states at the Brillouin zone center annihilate upon approaching the semi-
infinite subsystems but one topologically protected Dirac surface state
remains at each time-reversal invariant momentum M. This leads to a
highly conducting spin-momentum-locked channel at the interface but
insulating bulk regions. For the Sb,Tes/Bi,Te; interface, there is complete
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annihilation of Dirac states because both subsystems belong to the same
topology class.

This work is supported by the Priority Program 1666 of DFG.
[1] Francisco Muiioz, Jiirgen Henk, and Ingrid Mertig, submitted (2014).

[2] Tomas Rauch, Markus Flieger, Jirgen Henk, and Ingrid Mertig, Phys.
Rev. B 88 (2013) 245120.

4:20pm MI-MoA8 Unconventional Relativistic Electron Structure on
Polar Bi Chalcogenide Sufaces, Andrew Webery, University of Missouri-
Kansas City, 1. Pletikosic, Q.D. Gibson, H. Ji, Princeton University, 7.
Yilmaz, University of Connecticut, J.7. Sadowski, E. Vescovo, Brookhaven
National Laboratory, A.V. Fedorov, Lawrence Berkeley National
Laboratory, A.N. Caruso, University of Missouri-Kansas City, G. Gu,
Brookhaven National Laboratory, B. Sinkovic, University of Connecticut,
R.J. Cava, Princeton University, 7. Valla, Brookhaven National Laboratory

Spin-polarized surface electronic structures arising from broken inversion
symmetry and a topologically non-trivial excitation gap in the underlying
bulk show promise as platforms for realizing of exotic quantum phases (e.g.
Majorana fermion modes) and spin-filter transport applications, however,
the opportunities presented by these systems for exploring fundamental
aspects of the spin-orbit interaction (SOI) in 2D have been
underemphasized. The effect of SOI in solids can deviate from conventional
models because it is sensitive to the full quantum description of the system,
including atomic quantum numbers, the effective electric field, and spatial
orbital and crystal symmetries. Together, these conditions shape the band
structure and spin- and orbital-texture, and dictate the strength and
anisotropy of interband hybridizations. Through spin- and angle-resolved
photoemission spectroscopy of semi-ionic topological (Biz)m(BiX3). (X=
Se, Te) superlattice materials, we have identified a wvariety of
unconventional SOI effects acting on topological surface states. We will
discuss how tuning the surface charge dipole and termination chemistry
controls: (1) the electron band dispersion, (2) interband hybridizations, (3)
the size, shape, and spin-topology of the Fermi surface and (4) the sign and
magnitude of the Fermi velocity.

4:40pm MI-MoA9 Identifying the Intrinsic Atomic Defects in Bi,Se;
with Scanning Tunneling Microscopy, Jixia Dai, Rutgers University, D.
West, Rensselaer Polytechnic Institute, X.-Y. Wang, Y.-Z. Wang, D. Kwok,
Rutgers University, S.B. Zhang, Rensselaer Polytechnic Institute, S.-W.
Cheong, W. Wu, Rutgers University

In topological insulators the helical Dirac fermions are immune to
backscattering as long as the time reversal symmetry is preserved.
However, the existence of intrinsic atomic defects in materials such as
Bi,Se; and Bi,Te; still represents one of the major issues for applications.
Intrinsic atomic defects such as vacancies or antisites not only could dope
charges, make the insulators conductive and shift the Dirac electrons away
from the fermi energy but also affect the mobility of the materials by
introducing disorder. By studying a series of Bi,Se; samples that were
grown with different conditions with atomic resolving scanning tunneling
microscopy, we have successfully identified several types of intrinsic
defects, including Se vacancies and Bi-Se antisites. The densities of these
different types of defects could be correlated with growth conditions and the
total density is related to the band shift measured by tunneling
spectroscopy. Our study demonstrates the capability of scanning tunneling
microscopy in diagnosing materials like Bi;Se; and similar ones at the
atomic level.

5:00pm MI-MoA10 Probing Topological Crystalline Insulator SnTe
(001) Surface States via Energy Resolved Quasiparticle Interference,
Duming Zhang, NIST and University of Maryland, H. Baek, NIST and
Seoul National University, Korea, J. Ha, T. Zhang, NIST and University of
Maryland, J.E. Wyrick, A.V. Davydov, National Institute of Standards and
Technology, Y. Kuk, Seoul National University, Korea, J.A. Stroscio,
National Institute of Standards and Technology

Recently, the topological classification of electronic states has been
extended to a new class of matter known as topological crystalline
insulators. Similar to topological insulators, topological crystalline
insulators also have spin-momentum locked surface states; but they only
exist on specific crystal planes that are protected by crystal reflection
symmetry. Here, we report an ultra-low temperature scanning tunneling
microscopy and spectroscopy study on topological crystalline insulator
SnTe nanoplates grown by molecular beam epitaxy. We observed
quasiparticle interference patterns on the SnTe (001) surface that can be
interpreted in terms of electron scattering from the four Fermi pockets of
the topological crystalline insulator surface states in the first surface
Brillouin zone. A quantitative analysis of the energy dispersion of the
quasiparticle interference intensity shows two high energy features related
to the crossing point beyond the Lifshitz transition when the two
neighboring low energy surface bands near the X point merge. We present



two possible interpretations for the two high energy features due to different
scattering vectors along the I'X and XM line cuts. A comparison between
the experimental and computed quasiparticle interference patterns reveals
possible spin texture of the surface states.

5:20pm MI-MoAll Control of Graphene Nucleation on Magnetic
Ocxides: Spintronics without Spin Injection, Yuan Cao, University of
North Texas, P. Kumar, Indian Institute of Technology-Mandi, India, 1.
Tanabe, University of Nebraska-Lincoln, J. Beatty, M. Driver, University of
North Texas, 4. Kashyap, Indian Institute of Technology-Mandi, India, P.4.
Dowben, University of Nebraska-Lincoln, J.4. Kelber, University of North
Texas

Graphene direct growth by molecular beam epitaxy (MBE) occurs on a p-
type but not n-type oxide, with resulting charge transfer and substrate-
induced graphene spin polarization to > 400 K. C MBE on 10 A p-type
C0304(111)/Co(0001) at ~ 800 K yields layer-by-layer growth of graphene
sheets in azimuthal registry. Significant charge transfer -- ~ 0.04 ¢”/C atom -
- confined to the first 1-2 graphene layers, results in oxide reduction at the
oxide/Co(0001) interface. In contrast, MBE on 10 A n-type
Cr,05(0001)/Co(0001) under similar conditions yields only the desorption
of C and lattice O, despite similar oxide lattice constants and a stronger Cr-
O vs. Co-O bond strength. These results demonstrate that downward band
bending at the Co;04/Co interface enhances charge transfer and graphene
formation. Upward band bending at the Cr,O;/Co interface inhibits such
charge transfer. DFT electronic structure calculations show that such charge
transfer leads to strong Co(Il)/graphene carrier exchange interactions,
yielding an enhanced magnetic moment and spin ordering temperature, in
excellent agreement with experiment. Such substrate-induced graphene spin
polarization makes possible a variety of spintronic devices operating at >>
300 K, without the bottleneck of spin injection, and with predicted
magnetoresistance values of ~ 500% or more. The model further predicts
such results for other p-type magnetic oxides, making possible high
magneto-resistance voltage-switchable devices.

Nanometer-scale Science and Technology
Room: 304 - Session NS+EN-MoA

Nanophotonics and Plasmonics
Moderator: WeiDavid Wei, University of Florida

2:00pm NS+EN-MoA1l Sculpting the Flow of Light at the Nanoscale,
Harry Atwater, California Institute of Technology INVITED
Understanding the fundamental properties of plasmonic and dielectric
materials in resonant subwavelength structures has fueled an explosion of
interest in metamaterials and nanophotonic devices. In this seminar, we
explore new directions for plasmonics by examining the relationship
between plasmons and the electrochemical potential of the electron gas, and
we discuss opportunities to observe quantum coherent states in plasmonic
structures. Usually plasmons are described in a classical electromagnetic
theory context, yet plasmons are fundamentally quantum excitations.
Moreover, the carrier density and optical properties of plasmonic materials
are typically fixed at the time of fabrication. Field effect tuning of the
electrochemical potential in graphene nanoresonators enables the plasmon
and phonon dispersion to be measured. Electrochemical and carrier density
modulation in metals yields tunable resonances in metal nanostructures and
reveals the plasmoelectric effect, a newly-discovered photoelectrochemical
potential. By tuning the permittivity and index to near-zero values, expands
the length scale over which coherent quantum emitter phenomena (e.g.,
concurrence, superradiance) can be observed in epsilon-near-zero media.
Finally, we demonstrate entanglement or coherent superposition states of
single plasmons using two plasmon-quantum interference in chip-based
plasmon waveguide directional couplers.

Web resources:
http://www.lmi.caltech.edu/
http://daedalus.caltech.edu/

2:40pm  NS+EN-MoA3 Patterning of Plasmonic Structures for
Chiroptical Spectroscopy, Oded Rabin, A.P. Lawson, P.C. McAvoy, I.D.
Mayergoyz, University of Maryland, College Park

Fabrication of truly chiral nanostructures is a challenging process, often
requiring multiple cycles of patterning, deposition and planarization. Planar
and three dimensional plasmonic nanostructures were fabricated through
focused ion beam (FIB) milling, electron beam lithography (EBL)
patterning, and a combination thereof, achieving truly chiral nanoscale
patterns in a single deposition step. Using computational modeling tools,
the plasmon resonance spectra of the structures were predicted. We have
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combined our computational results and novel fabrication methods to
achieve chiral plasmonic nanostructures with useful resonances in the
visible and near infrared ranges of the EM spectrum. These substrates are
promising for the selective manipulation of circularly polarized radiation at
nanometer length scales.

3:00pm NS+EN-MoA4 Hot Electron Generation Enhanced by Carrier
Multiplication Probed with a Graphene/TiO, Nanodiode, YoungKeun
Lee, KAIST, Republic of Korea, H. K. Choi, ETRI, Republic of Korea, H.
Lee, KAIST, Republic of Korea, J.S. Choi, ETRI, Republic of Korea, E.
Hwang, Sungkyunkwan University, Republic of Korea, J.Y. Park, KAIST,
Republic of Korea

Graphene has attracted intensive attention for viable applications such as
energy conversion and optoelectronic devices. When photons hit the
graphene, the photon energy can be transferred to hot carriers above the
Fermi level from the valence band of the graphene before the photon energy
is lost as heat. The efficiency of the conversion depends on the interaction
of photons with electrons/holes in the system. In graphene without a
bandgap, the process of energy relaxation consists of the Auger process
(impact ionization), which leads to carrier multiplication. Here, we
fabricated a graphene/TiO, nanodiode to investigate carrier multiplication
by experimental detection and theoretical confirmation of hot electron
amplification. Our findings indicate that carrier multiplication of the
graphene based on the strong electron—electron interaction is highly
efficient, compared with Au/TiO, at a given photon energy. Multiple
generations of hot electrons can induce photocurrent, which suggests the
possibility of feasible applications such as photovoltaics and photodetectors.

3:40pm NS+EN-MoA6 Doping Induced 1D Plasmons in Ag Monolayer
Stripes on Si(557), Timo Lichtenstein, U. Krieg, C. Tegenkamp, H. Pfniir,
Leibniz Universitidt Hannover, Germany

An efficient way to transfer energy, e.g. light, into an electronic system is
by excitation of plasmons. Due to their flat and almost linear dispersion,
allowing extreme confinement in a broad frequence range, and their natural
function as wave guides 1D plasmons are particularly interesting.

As we show here for the system Ag adsorbed on Si(557), the interaction
between adsorbate layers of transition metal atoms and strongly anisotropic
surfaces can lead to various quasi-one-dimensional (1D) signatures, which,
however, are not all necessarily metallic. Using low energy electron
diffraction in combination with scanning tunneling microscopy and electron
energy loss spectroscopy, we correlate the structure, determined by
SPALEED and STM, with the properties of low dimensional collective
excitations, as measured with momentum and energy resolving electron loss
spectroscopy. Semiconducting structures with double periodicity along the
chains are formed Ag coverages below 0.3 monolayers (ML). At higher
coverages, the formation of wires with (V3xV3) order sets in. Only these
wires turn out to be metallic, as is evident from the appearance of plasmonic
losses, which show 1D dispersion only along the wires. This 1D property
even persists up to one monolayer, where a densely packed arrayof metallic
(\N3x/3) stripes is formed. We show evidence that the metallic property is
induced by an extrinsic doping process of excess Ag (or other) atoms
localized at the step edges, which can be reversibly removed and added.
With this system we were able to explicitly show that the 1D plasmon
frequency depends on the electron density proportional to Vn, also in the 1D
case, and that the confinement of the electrons on the wires is also
dependent on doping concentration.

4:00pm NS+EN-MoA7 Surface Plasmon-Mediated Gold Nanoparticle
Deposition via Two Different Mechanisms, Jingjing Qiu*, W.D. Wei,
University of Florida

Utilizing intrinsic surface properties to direct and control nanostructure
growth on a large-scale surface is fundamentally interesting and holds great
technological promise. We have developed a novel “bottom-up” approach
to fabricating sub-15 nm Au nanoparticles on a nanostructured Ag surface
via a chemical solution deposition by using localized surface plasmon
resonance (SPR) excitation. Nanoparticle sizes were tunable between 3 to
10 nm by adjusting the deposition time utilizing the photothermal effects on
a nanostructured Ag film surface. In addition, Au nanoparticles can be
selectively deposited at the tip of a Ag bowtie nanostructure with the
enhanced electric field.

4:20pm  NS+EN-MoA8 Enhanced Light-Matter Interactions in
Nanoparticle Arrays, Teri Odom, Northwestern University INVITED
Metal nanostructures concentrate optical fields into highly confined,
nanoscale volumes that can be exploited in a wide range of applications.
This talk will describe new ways to design arrays of strongly coupled

* NSTD Student Award Finalist
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nanoparticles and plasmonic hetero-oligomers that can exhibit extraordinary
properties such as plasmon lasing and enhanced gas sensing. First, we will
describe a new type of nanocavity based on arrays of metal nanoparticles.
These structures support lattice plasmon modes that can be amplified and
that can result in room-temperature lasing with directional beam emission.
Second, we will focus on nanoparticle assemblies composed of more than
one type of material. Hetero-oligomers composed of strong and weak
plasmonic materials (Au-Pd dimers and trimers) showed unusual
wavelength shifts when subjected to hydrogen gas. We performed detailed
modeling to understand the near-field coupling responsible for these
amplified light-matter interactions.

5:00pm NS+EN-MoA10 Plasmon-induced Current Enhancement at
Nano-sized Metal-Oxide Interfaces, Jiechang Hou* D.A. Bonnell,
University of Pennsylvania

Nano-sized metal-oxide interfaces possess unique physical properties and
offers new access to novel functionalities. We have shown that at the nano-
scale the electronic properties of Au/ SrTiO; interfaces are size and atomic
structure dependent [1]. This size dependence of interface properties has
consequences to related behavior, such as resistive switching [2]. Earlier we
have shown that plasmon induced hot electrons can be extracted from Au
nanoparticles into molecular devices [3]. Here we use Au nano-
antennas/SrTiO; interfaces as a facile model system to study this
phenomenon. The study combines nanofabrication, optical spectroscopies,
field simulation and advanced scanning probe microscopy. The
dependences of photocurrent on power density and temperature are
quantified, and the mechanism of photocurrent enhancement is discussed.
We believe that this study can improve the understanding of the mechanism
of plasmon-induce d current enhancement and facilitate the modern device
design.

References:

[1] J. Hou, S. S. Nonnenmann, W. Qin, D. A. Bonnell, Appl. Phys. Lett.
103, 252106, 2013.

[2] J. Hou, S. S. Nonnenmann, W. Qin, D. A. Bonnell, Adv. Funct. Mater.
(2014). doi: 10.1002/adfm.201304121.

[3] D. Conklin, S. Nanayakkara, T. Park, M. F. Lagadec, J. T. Stecher , X.
Chen, M. J. Therien, D. A. Bonnell, ACS Nano7, 4479 (2013).

5:20pm  NS+EN-MoAll Extreme Tunability of Metal-Dielectric
Multilayered Structures using Al-doped ZnO Grown by Atomic Layer
Deposition, Jonathan Skuza, R.M. Mundle, K.C. Santiago, Norfolk State
University, D.L. Lepkowski, Louisiana State University, A.K. Pradhan,
Norfolk State University

Plasmonic metamaterials have been a burgeoning area of research in recent
years, where surface plasmon polaritons (SPPs) can manipulate light on the
nanoscale. Typically, noble metals (e.g. Ag, Au) have been the key
materials in this field of research, but suffer drawbacks (e.g. high loss)
especially in the mid- and near-infrared (NIR) spectral ranges. Recently,
wide bandgap semiconductors, such as Al-doped ZnO (AZO), have been
shown to hold great potential in surpassing the tunability and flexibility of
traditional noble metals in nanoplasmonic applications. Generally, these
transparent conducting oxides have been extremely important for various
optoelectronic applications due to the coexistence of high conductivity and
high transparency, which can be tuned through doping. Recent studies have
shown that these wide bandgap semiconductors, in particular AZO, are also
efficient nanoplasmonic materials in the NIR due to their metallic behavior,
strong confinement of SPPs, and low loss. AZO has been studied
extensively using a multitude of deposition techniques, especially atomic
layer deposition (ALD), which is particularly useful to grow uniform and
conformal films with a high degree of thickness control on complex three-
dimensional topographies because it is based on a binary sequence of self-
limiting surface chemical reactions. Furthermore, the doping concentration
can be precisely controlled by adjusting the ALD cycle ratios of the host
and dopant materials, thus making ALD a unique and powerful method to
deposit AZO into high aspect ratio structures for nanoplasmonic
applications. Recently, it has been shown that ALD-grown AZO offers
extreme tunability that can be utilized for many applications, including
plasmonic components for epsilon-near-zero metamaterials. This extreme
tunability is exploited here in metal-dielectric multilayered structures in
order to manipulate and control light in subwavelength volumes for various
optical applications.

* NSTD Student Award Finalist
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Plasma Science and Technology
Room: 308 - Session PS-MoA

Advanced FEOL/Gate Etching
Moderator: Eric A. Joseph, IBM Research Division, T.J.
Watson Research Center

2:00pm PS-MoAl Breaking Through Limits in Semiconductor
Technology, Chang-Jin Kang, Samsung Electronics, Republic of Korea
INVITED

[Abstract]

Our current IT industry, which possesses a strong demand of personal
mobile devices, is accelerating towards smart devices with the convergence
of new technologies.

Under these circumstances, the development of semiconductors with high
speed, high density, low power and high reliability are crucial. Scaling
down of devices and to ensuring cost-effective technologies are the two
most important tasks the semiconductor industry is facing.

To find proper solutions for the development of future devices and to
overcome the limitations of current technologies, mid and long-term
projections of future silicon technology as well as DRAM, NAND and
Logic technology trends will be covered.

2:40pm PS-MoA3 Mechanism of Silicon Damage during N,/H, Block
Etching for FinFET CMOS, Tamotsu Morimoto, Tokyo Electron
Limited, Japan, H. Ohtake, Tokyo Electron America, Inc., T. Wanifuchi,
Tokyo Electron Miyagi Limited, Japan

In this study, we found that the degradation of a silicon active area during
N,/H; block etching strongly depends on ion energy and flux because ions
generate significant damage on the silicon surface as compared with the
damage to the active area due to hydrogen radicals.

Plasma-induced damage on Si substrates has become a serious concern in
CMOS fabrication processes. In addition, the appearance of Fin-FETs have
made it necessary for plasma etching processes to use masks made by the
organic film opening process and block etching in order to implant the P- or
N-type regions. In this study, part of the fin structure was exposed to plasma
during organic block etching. It was found that the source and drain regions
of the fin area were damaged. However, the impact of the generated
damaged layer on the electrical properties has not been clarified, especially
junction leakage of the source and drain. In this paper, effect of etching
using N,/H, gas combination on p—n junction leakage current at reverse bias
was investigated. Parameters of the N,/H, plasma like flow rate, etching
time, peak-to-peak voltage of the RF bias (V,,;), and the micro wave power
(MW) were varied. Si substrate with a p—n junction was exposed to the
N,/H, plasma, followed by nickel silicidation to enable electrical
characterization.

Junction leakage current increased by increasing V,, and reducing MW for
fixed etching times and was independent of the hydrogen ratio in the N,/H,
gas. This indicates that ion has a stronger influence on Si damage than H,
radicals. With etching depth kept fixed, a high hydrogen ratio showed less
damage because etching rate was higher. In addition, we obtained smaller
damage for higher V,, at constant MW because etching time was shorter
owing to the high etching rate. Accordingly, we can infer that ion energy
and cumulative ion flux have a significant impact on the degradation of the
p—n junction. From the transmission electron microscopy analysis, the
damaged layer, which degraded Si crystallinity, became thicker by
increasing the exposure time of the Si substrate to the N,/H, plasma. Most
probably, the damaged layer has a lot of defect sites which act as trap sites
beside the junction, which in turn causes the p—n junction leakage current to
increase.

We found that the ratio of ion/radical in the plasma should be lower to
reduce the damage of silicon active area by N,/H, block etching. High
etching rate and low V,,, which correspond to high hydrogen ratio and low
RF bias, is the best combination for low-damage organic block etching.

3:40pm PS-MoA6 Plasma Etch in the Era of Atomic Scale Fidelity,
Vahid Vahedi, J. Marks, Lam Research Corp INVITED
The ultimate goal of IC manufacturing is to produce the structures that are
conceived and modeled by design engineers in the real world with high
fidelity. We choose the term “fidelity” deliberately to express that what is
needed in the end is the highest possible degree to which a material
structure matches the design intent. It includes but is not limited to
statistical criteria such as accuracy and precision.

Plasma etch plays a key role in obtaining structural fidelity in all three
dimensions. Precision is obtained by means of wafer- to- wafer, chamber-



to- chamber and tool- to- tool matching. Accuracy on the other hand
requires control of proximity and 3D effects such as critical dimension (CD)
loading, profile loading, aspect ratio dependent etching (ARDE), and
selectivity.

As we approach devices with a half pitch of 10 nm and below, atomic scale
fidelity is required because the device dimensions and their allowed
tolerances are of the same order of magnitude as the inter-atomic distances
in the crystal lattice. This type of performance can be obtained when the
material is removed layer by layer. The etch process is comprised of single
unit steps which repeat in cycles. Each step uses the simplest possible
chemistry to surgically target specific reactions at the wafer surface such as
activation, removal, and passivation. We call this layer- by- layer etch with
atomic fidelity Atomic Layer Etchatomic layer etchl.

In this presentation, we introduce the framework of high productivity,
production- worthy ALE atomic layer etch and the implications for
hardware and process development. Results for both dielectric and
conductor etch obtained with Lam’s Research’ latest etch products will be
presented.

References:
1. Kanarik, et al., Solid State Technology, (2013) 14-17.

4:20pm PS-MoA8 Challenges of 3D NAND Staircase Patterning
Process, Hui Zhou, S. Srinivasan, J. Choi, A. Khan, L. Yu, Z. Yao, A.
Agarwal, S. Rauf, Applied Materials Inc.

NAND memory microfabrication is at the transition point to vertical
structures. A variety of 3D NAND device designs have been reported, such
as bit cost scalable (BiCS) and terabit cell array transistor (TCAT). Despite
the difference in the structures and operational mechanisms of 3D NAND
devices, the microfabrication processes share a common first step, the
formation of the landing pads for the control gate via contacts. The
“staircase” of pad landings is realized by alternating film etching and resist
trimming. To ensure high yield, the registration for the vias must be ensured
by the insitu staircase patterning process with CD uniformity being the most
critical figure of merit for desired yield. CD uniformity is most sensitive to
the resist trimming process and is controlled by plasma distribution and
electrostatic chuck temperatures. Local CD non-uniformity may originate
from microloading effect or asymmetry impact, and the approaches to
improve the local CD uniformity focus on mitigating loading and reducing
the asymmetry with process and hardware development, that are also
supported by quantitative modeling results. Early versions of the staircase
patterning process resulted in low throughput due to multiple resist
trimming steps. High throughput is required to reduce the cost of
fabrication. Power, flow, and pressure are effective knobs in improving the
resist trimming rate. Reducing the gas transition time and using continuous
plasma between different gas has also proven effective for further
improving throughput. Challenges and progress for 3D NAND staircase
patterning process will be discussed, and innovative hardware and process
solutions will also be presented.

4:40pm PS-MoA9 Impact of the Addition of SiCly in a CH;F/O,/He
Chemistry for the Nitride Spacer Etching of FDSOI 14 nm Technology,
C. Arvet, S. Lagrasta, Maxime Garcia Barros, STMicroelectronics, France,
S. Barnola, N. Posseme, CEA, LETI, MINATEC Campus, France, F.
Leverd, STMicroelectronics, France

Today, the choice of chemistry for nitride spacer etching is a CH3F/O2/He
based chemistry. But such chemistry leads to 10A and 15A silicon and
silicon germanium consumption, respectively. Furthermore the remaining
carbon at the silicon or silicon germanium surface can lead to a poor silicon
surface quality which does not allow the film regrowth. The optimization of
this process is not enough reliable in order to be used in production for the
FDSOI 14 nm technologies.

In this context, we investigated the impact of SiCL4 addition to
CH3F/O2/He/CH4 chemistry.

Ellipsometry measurements performed on blanket silicon nitride and silicon
germanium film allow us to investigate two essential points for the FDSOI
14 nm technologies:

-The resist consumption

-The opportunity to obtain an infinite selectivity of silicon nitride to silicon
germanium.

Complementary XPS and FTIR analyses have been performed for a better
understanding of the etch mechanisms and will be presented.

These results have been confirmed on patterned structures. TEM analyses
have shown no silicon germanium recess with no foot formation after
silicon nitride spacer etching and wet cleaning. Finally, the compatibility of
this new etch chemistry on epitaxial growth quality will also be presented.
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5:00pm PS-MoA10 Hydrofluorocarbon Gases for Selective, Low-
Damage, Silicon Nitride Etching, James Royer, R. Gupta, V. Pallem,
American Air Liquide

Maintaining Moore’s law has introduced increasingly stringent process
requirements for front-end device technologies. These requirements create
considerable technical challenges for silicon nitride gate spacer etching.
Etch processes must remove thin silicon nitride layers while maintaining
stringent physical constraints and chemical integrity of the underlying
substrate. Therefore, the etch gases must be tailored with appropriate
functionality for selective silicon nitride etching. This study presents
hydrofluorocarbon (HFC) etch gases which demonstrate selective etching of
silicon nitride with respect to silicon oxide, and poly-silicon. Using a RIE
plasma etch tool, the performance of each molecule is studied on blanket
wafers and analyzed using spectroscopic ellipsometry, x-ray photoelectron
spectroscopy (XPS), and scanning electron microscopy (SEM). Etch rates
and selectivities for each HFC are evaluated over a range of O, flow to
determine the desirable process windows. Select HFCs have large process
windows with infinite silicon nitride to poly-silicon selectivity due to
fluorocarbon deposition on the poly-silicon. The fluorocarbon deposition
layer on poly-silicon inhibits undesired silicon-carbide or silicon-oxide
formation. XPS surface analysis and depth profiling shows a reduction in
carbon and oxygen incorporation in poly-silicon compared to similar
processes using the industry standard molecule, fluoromethane.

5:20pm PS-MoAll Alternative Process for Thin Layer Etching:
Application to Nitride Spacer Stopping on Silicon Germanium, Nicolas
Posseme, G. Santini, O. Pollet, C. Arvet, S. Barnola, CEA-LETI, France
Today, minimizing the so-called silicon germanium (or silicon) recess
during nitride spacer etching is extremely difficult to achieve but mandatory
since it directly impacts the device performances. Despite of etch chemistry
or tool improvement, this silicon germanium recess is only limited.

In this context, we proposed an alternative etching process to overcome
these issues and meet the highly complex requirements imposed by device
fabrication processes. This new etching process is based on two steps. In a
first step, the film is modified in volume by a H, plasma performed in a
conventional etch tool (ICP or RIE) followed in a second step by a selective
removal of the modified layer with respect to the non-modified material.

In this study, we will present this alternative process for nitride spacer
etching stopping on silicon germanium for FDSOI devices. It will be
demonstrated that the silicon nitride film modification can be adjusted by
playing on plasma parameters. XPS and infrared spectroscopy analyses
have been performed on blanket silicon nitride film to understand the
silicon nitride film modification induced by H, plasma . These mechanisms
of the silicon nitride film damage will be discussed.

In the meantime, different approaches (dry or wet) to remove the modified
silicon nitride film without non-modified nitride or silicon germanium films
consumption have also been investigated. The advantages and the
drawbacks of these approaches will be presented.

Starting from the best process conditions (modification and removal steps),
TEM analyses performed on patterned structures have revealed that the
silicon germanium recess is less than 5A for a wide range of nitride film
over etch (from 30 to 120%) with no foot formation compared to more than
15A recess and 20 A foot formation using the best current etching processes
(CH;F/O,/He chemistries targeting 50% over etch).

Finally, the compatibility of this new nitride spacer etching process on SiGe
epitaxial growth quality will also be presented. It will be shown, that the
clean surface obtained after the modified nitride film removal leads to a
perfect epitaxial growth for different silicon nitride over etch from 30 to
120%.

Novel Trends in Synchrotron and FEL-Based Analysis
Focus Topic
Room: 312 - Session SA-MoA

Synchrotron Studies of Processes in Energy Conversion,
Electronic Devices and Other Materials 11
Moderator: Charles Fadley, University of California, Davis

2:00pm SA-MoAl Synchrotron-based In Situ Study of PEMFC,
SOFC, Battery and Supercapacitor Components, Benedetto Bozzini,
Universita' del Salento - Italy INVITED
Fuel cells and supercapacitors are electrochemical devices providing
efficient and pollution-free production and transformation of electricity.
Notwithstanding their environmental appeal, a host of materials-science
problems — chiefly related to the limited durability of crucial functional
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components — are hindering the widespread application of these otherwise
promising devices. Nanotechnology is foreseen to play a key role in the
elimination of such drawbacks. Some nanotechnology solutions have
already led to sensitive improvements of properties, functionality and
performance of some components. However, the present knowledge is
mostly at the macroscopic and empirical trial-and-error level and the
answers to many questions require much deeper scientific understanding of
the origin of degradation processes. In this regard, the development and
implementation of appropriate methods for in-situ characterization of cell
components at the functionally relevant length scales is highly required.
Soft X-ray spectroscopies, namely X-ray absorption spectroscopy, X-ray
emission (fluorescence) spectroscopy, resonant inelastic X-ray spectroscopy
and X-ray photoelectron spectroscopy have been extensively employed for
ex-situ characterization of materials used in electrochemical systems.
Furthermore, adding spatial resolution capabilities by implementing proper
optical solutions has opened unique opportunities for monitoring material
changes and mass transport events occurring at submicron length scales.
The input from these methods is providing correlative information about the
status of the electrode surface and of the electrode/electrolyte interface and
also of the processes occurring under operation conditions at the three phase
boundary, namely the electrode-electrolyte-reactant interface'™.
REFERENCES [1] B. Bozzini, A. Gianoncelli, P. Bocchetta, S. Dal Zilio,
G. Kourousias, Anal. Chem. 86, 664 (2014)

[2] B. Bozzini, M. Amati, L. Gregoratti, M. Kiskinova, Sci. Rep. 3, 2848
(2013)

[3] B. Bozzini, A. Gianoncelli, C. Mele, M. Kiskinova, Electrochim. Acta
114, 889 (2013)

[4] B. Bozzini, M. Kazemian Abyaneh, M. Amati, A. Gianoncelli, L.
Gregoratti, B. Kaulich, Maya Kiskinova, Chemistry — A European Journal
18, 10196 (2012)

2:40pm SA-MoA3 Structure/Selectivity Studies of Promoted Rh/TiO,
Catalysts under CO Hydrogenation Reaction Conditions, Robert
Palomino, J. Magee, P. Carrillo Sanchez, Stony Brook University, M.
White, Brookhaven National Laboratory and SUNY Stony Brook

Rh-based catalysts are sought after for the conversion of syn gas (CO +H,)
to higher oxygenates due to their C-C coupling capabilities, but are highly
selective to hydrocarbons. Through the addition of promoters (Fe, Mn, Mo),
the selectivity can be altered to oxygenates by varying mechanisms.[1] Fe
and Mo in particular have been known to enhance ethanol and other C,;-
oxygenates through the suppression of methane. Unfortunately, little is
known of the structure of these promoted catalysts under reaction
conditions. This work focuses on the atomic structure determination of Fe-
and Mo-promoted Rh/TiO, catalysts with varying promoter concentration.
The atomic structure was monitored as a function of promoter concentration
under reduced and CO hydrogenation conditions with synchrotron radiation
at beamline X7B of the NSLS. X-ray diffraction (XRD) was utilized to
elucidate the phase components in the catalysts, while Pair Distribution
Function (PDF) analysis was used to determine the local atomic structure of
the active components contained in the catalyst. By monitoring the
evolution of phase and local atomic structure, we correlate the structure-
selectivity relationship by direct comparison with selectivity measurements
performed on the same catalysts.

1. Spivey, J.J. and A. Egbebi, Heterogeneous catalytic synthesis of ethanol
from biomass-derived syngas. Chemical Society Reviews, 2007. 36(9): p.
1514-1528.

3:00pm SA-MoA4 Synchrotron Infrared Nano-spectroscopy, Hans
Bechtel, Lawrence Berkeley National Laboratory, E.4. Muller, R.L. Olmon,
University of Colorado at Boulder, M.C. Martin, Lawrence Berkeley
National Laboratory, M.B. Raschke, University of Colorado at Boulder

By combining scattering-scanning near-field optical microscopy (s-SNOM)
with mid-infrared synchrotron radiation, synchrotron infrared nano-
spectroscopy  (SINS) enables molecular and phonon vibrational
spectroscopic imaging, with rapid spectral acquisition, spanning the full
mid-infrared (500-5000 cm™) region with nanoscale spatial resolution. This
highly powerful combination provides access to a qualitatively new form of
nano-chemometric analysis with the investigation of nanoscale, mesoscale,
and surface phenomena that were previously impossible to study with IR
techniques. We have installed a SINS end-station at Beamline 5.4 at the
Advanced Light Source (ALS) at Lawrence Berkeley National Laboratory,
making the s-SNOM technique widely available to non-experts, such that it
can be broadly applied to biological, surface chemistry, materials, or
environmental science problems. We demonstrate the performance of
synchrotron infrared nano-spectroscopy (SINS) on semiconductor,
biomineral and protein nanostructures, providing vibrational chemical
imaging with sub-zeptomole sensitivity.
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3:40pm SA-MoA6 Synchrotron-Based Spectroscopy Shedding Light
on Solar Cells, Franz Himpsel, University of Wisconsin-Madison

INVITED
After briefly discussing the role of photovoltaics in the current energy
picture, this talk illustrates how spectroscopy with soft X-rays can assist the
development of new types of solar cells with improved price/performance
ratio. The starting point is the most general layout of a solar cell, which
involves of a light absorber sandwiched between an electron donor and an
electron acceptor. In contrast to the widely-used silicon solar cells, one can
choose three different materials to optimize the four energy levels that are
crucial for the performance of a solar cell. These are measured by a
combination of X-ray absorption spectroscopy and photoelectron
spectroscopy. Close coupling with first principles calculations makes it
possible to discover and exploit systematic trends. Examples will be given,
such as the combination of all three components in one molecule (donor-n-
acceptor complexes [1],[2]). In addition to the energy levels one has to
consider the lifetime of the photo-generated carriers. A future dream
experiment will be discussed where the carriers are followed in real time on
their way from the absorber to the contact electrodes, using pump-probe
techniques at the latest generation of soft X-ray light sources. Such
experiments have been performed in the UV/visible [3], but they would
greatly benefit from the element- and bond-specific capabilities of X-ray
absorption spectroscopy.

[17 A. Yella, H--W. Lee, H. N. Tsao, C. Yi, A. K. Chandiran, Md. K.
Nazeeruddin, E. W.-G. Diau, C.-Y. Yeh, S. M. Zakeeruddin, M. Gritzel,
Science 334, 629 (2011).

[2] I. Zegkinoglou, M.-E. Ragoussi, C. D. Pemmaraju, P. S. Johnson, D. F.
Pickup, J. E. Ortega, D. Prendergast, G. de la Torre, and F. J. Himpsel, J.
Phys. Chem. C 117, 13357 (2013).

[3] G. Duvanel, J. Grilj, and E. Vauthey, J. Phys. Chem. A 117, 918 (2013).

4:20pm SA-MoA8 In Situ Soft X-Ray Absorption Spectroscopy for
Investigation of Charge Storage and Actuation in Nanostructured
Carbon Aerogels, J.R.I. Lee, M. Bagge-Hansen, B. Wood, T. Ogitsu, A.
Wittstock, M. Worsley, Trevor Willey, M. Merrill, Lawrence Livermore
National Laboratory, D. Prendergast, Lawrence Berkeley National
Laboratory, L.C. Tran, M. Biener, T. Baumann, J. Biener, Lawrence
Livermore National Laboratory, J.-H. Guo, Lawrence Berkeley National
Laboratory, T.W. van Buuren, Lawrence Livermore National Laboratory
Carbon aerogels (CAs) are a class of nanostructured, porous materials that
have demonstrated applications in electrical energy storage (EES) due to
their very high surface area, chemical and electrochemical stability, and
relatively low cost. Tailoring these materials towards improved ESS
performance can be significantly enhanced by a better understanding of
nanostructured materials in aqueous environments under various potential
gradients; therefore, we have pursued advanced in situ characterization
techniques capable of probing the electronic structure and bonding of these
electrode materials during charge-discharge cycling. We report the
successful development of a cell for in situ soft x-ray absorption
spectroscopy (XAS) studies of EES materials and the application of this cell
to the investigation of CA supercapacitors. Our XAS measurements,
combined with complementary ab initio modeling, reveal profound changes
in the structure and bonding of the CAs in operando, which will be
discussed in terms of their macroscopic physical properties. This work
performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under Contract DE-ACS52-
07NA27344.

4:40pm SA-MoA9 First-Principles Modeling of Near-Edge X-ray
Spectroscopy for Lithium Compounds, John Vinson, National Institute
of Standards and Technology (NIST)

X-ray spectroscopy is a widely-used tool for probing local structural and
chemical properties of materials. For devices such as batteries operando
measurements are vital for understanding the structural changes that take
place during the device’s lifecycle. Computational modeling can assist
experimental investigation by providing complementary data: pointing from
proposed structure to observed spectra. The OCEAN spectroscopy package
is capable of calculating K- and L-edge spectra of periodic or semi-
disordered extended systems using a Bethe-Salpeter equation formalism.
Here we present the OCEAN package and near-edge x-ray absorption
calculations of lithium compounds. We showcase the effects of accounting
for vibrational disorder as well as how a computational approach can be
used to decouple the structural and charge-transfer effects on the x-ray
spectra observed during (de)lithiation.



5:00pm  SA-MoAl1l0 Soft X-ray Spectroscopy for Fundamental
Understanding and Practical Optimization of Battery Materials, Wanli
Yang, Lawrence Berkeley National Laboratory INVITED
Improving the energy-density and safety of batteries remains a formidable
and critical challenge for sustainable energy applications, especially for
electric vehicles. The pressing demand calls for novel approaches based on
modern material synthesis and advanced characterization tools. Synchrotron
based soft x-ray spectroscopy is one of such incisive tools that probe the
electronic states in the vicinity of the Fermi Level, which are directly
related to battery operations.

This presentation will focus on the concepts of how the electronic structure
revealed by soft x-ray spectroscopy could help the battery material research.
The link between fundamental electron states and battery performance will
first be explained in general'l. Several recent spectroscopic results will be
discussed from both chemical and physical point of view: The chemical
information delivered by soft x-ray indicates the complicated formation
process of solid-electrolyte-interphases!”’. The evolution of the transition-
metal 3d states provides in-depth information of the phase transformation in
positive electrodes”®. Key electronic states that could be directly detected by
soft x-ray experiments provide clear guidelines for optimizing battery
binder materials in negative electrodes'™. Additionally, in-situ/operando
soft x-ray experiments reveal distinct charge dynamics in operating battery
electrodes!™. Perspectives will be provided at the end on how to advance the
battery material studies through novel instrumentation and methodology.

[1] Yang et al., JESRP 190, 64 (2013); [2] Qiao et al., Adv. Mater. Interf.
10.1002/admi.201300115 (2014); [3] Liu et al., JACS 134, 13708 (2012);
[4] Liu et al., Adv. Mater. 23, 4679 (2011); [5] Liu et al., Nat. Commun. 4,
2568 (2013)

Advanced Surface Engineering
Room: 302 - Session SE+PS+TF-MoA

Pulsed Plasmas in Surface Engineering
Moderator: Jolanta Klemberg-Sapieha, Ecole
Polytechnique de Montreal, Canada, Michael Stueber,
Karlsruhe Institute of Technology

2:00pm SE+PS+TF-MoAl Complex Magnetic Systems for High Power
Pulsed Magnetron Sputtering, Priva Raman*, 1A. Shchelkanov, J.
MecLain, University of Illinois at Urbana Champaign, S. Armstrong, Kurt J.
Lesker Company, B. Zhang, M. Schillingg DEXTER Magnetic
Technologies, D.N. Ruzic, University of Illinois at Urbana Champaign

High Power Pulsed Magnetron Sputtering (HPPMS) is a type of magnetron
sputtering technique where high peak power pulses reaching tens of
kilowatts are applied to the sputter magnetron target keeping the average
power equal to that of direct current magnetron discharges by using low
duty cycles. Due to very high power densities, HPPMS discharge leads to
high degree of ionization of the sputtered material. These ionized sputtered
materials assist in film growth leading to more adhesive, dense, and
smoother films. Therefore, HPPMS is considered an ideal candidate for the
next generation magnetron sputtering systems, however these techniques
suffer from low deposition rate due to “return effect” of the ionized sputter
material [1]. One way to solve this problem is to have a magnetic field
configuration that is optimized for HPPMS discharges. Magnetic pack
design is critical as it helps in achieving full-face target erosion and higher
deposition rate in HPPMS. Magnet pack design is generally selected by
experimental observation. It has been confirmed from our previous work on
HPPMS that a spiral-shaped magnetic field design on 14 inch (36 cm)
diameter copper target was able to produce superior plasma uniformity on
the substrate in addition to improved target utilization without the need for
magnet rotation [2]. Commercial 4 inch (10cm) magnetron sputter guns
function with a variety of power supplies like DC, Pulsed-DC, Modulated
Pulsed Power Magnetron sputtering (MPP) and HPPMS. These 4 inch
magnetron sputter guns typically have a conventional circular magnetic
field configuration and suffer from low deposition rate in HPPMS
discharges. To optimize the magnet field configuration in HPPMS for the 4
inch magnetron sputter gun, the spiral design from the 14 inch target was
scaled down and modified to fit into 4 inch magnetron sputter gun. A new
“g* design magnet pack with enhanced discharge parameters was developed
by modifying the spiral magnet pack in COMSOL Multiphysics, which
leads to higher deposition rate and better target utilization in HPPMS
compared to the conventional magnet pack. The influence of “&* design
magnet pack configuration on deposition rate, plasma parameters, and

* Coburn & Winters Student Award Finalist
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discharge stability with HPPMS (Huettinger’s HiPIMS), MPP(zPulser), DC
and pulsed DC power supplies were investigated. The deposition rate for

€” pack is 2.1+0.2 times the conventional pack for an average discharge
power of 500W with zPulser power supply.

1. Papa F et al 2011 Thin Solid Films 520.5 1559-1563.
2. He Yu et al 2013 Plasma Sources Sci. Technol.22 045012.

2:20pm SE+PS+TF-MoA2 Triple Langmuir Probe and Ion Fraction
Measurements in an Industrial PVD Deposition System, YuiLun Wu,
S.S. Ma, 1.A. Shchelkanov, D.N. Ruzic, University of Illinois at Urbana-
Champaign

High Power Pulsed Magnetron Sputtering (HPPMS) discharges are an ideal
candidate for the next generation PVD magnetron sputtering systems.
Compared with traditional DC sputtering, HPPMS discharges offer high
degree of ionization of the sputtered material with very high peak power on
the target. An industrial size chamber will be used to investigate the
HPPMS discharge operation in full scale production environments utilizing
different power supplies. Plasma was observed to be originated from the
race track region then expanded downward afterwards. Plasma density was
very high (~10"-10*° m™) when generated then decreases as it expanded [1]
In order to understand the temporal evolution of the plasma between the
target and the wafer plane, a time resolved triple Langmuir probe was
employed to measure the plasma parameters such as electron temperate and
density and scanning in a three dimensional map. Plasma parameters
between traditional DC discharge and HPPMS discharge will be compared.
Quartz crystal microbalance and 2 inch gridded energy analyzer will be
designed to determine fluxes of metal ions, metal atoms and argon ions. The
setup will be able to tilt around 10 degrees about the wafer plane in 1 degree
intervals and measure the angular distribution of the ion and neutral fluxes
generated by the HPPMS discharge.

Reference:

[1] H.Yu, L. Meng, M. Szott, J. McLain, T.S. Cho, D.N. Ruzic,
Investigation and optimization of the magnetic field configuration in high-
power impulse magnetron sputtering, Plasma Sources Sci. Technol. 22
045012, 2013

2:40pm SE+PS+TF-MoA3 Understanding the Physics of Magnetron
Discharges: Ionization Zones and Their Role in Transport of Charged
Particles, Matjai Panjan, R. Franz, A. Anders, Lawrence Berkeley
National Laboratory INVITED
Magnetron sputtering is one of most commonly used techniques for the
deposition of thin films. The physics of magnetron discharges has been
intensively studied, however, recent investigations revealed that our
understanding is rather incomplete. To the naked eye the ionization process
appears to be homogeneously distributed along the racetrack — i.e. the
region of strongest target erosion caused by sputtering. Imaging of the
magnetron discharges with intensified CCD cameras using short exposure
times revealed differently, namely, the plasma is concentrated in several
zones along the racetrack [1-3]. These so-called ionization zones or spokes
are organized in periodic or quasi-periodic patterns that move in the E x B
direction with approximately 1/10 of the electron drift speed (where E and
B are the electric field and magnetic field vectors). Recent experiments
further revealed that ionization zones are a fundamental feature of
magnetron discharges run in pulsed and continuous mode [4]. In this talk,
recent advances in understanding the ionization zone phenomenon will be
reviewed. The interpretation of the formation, drift, self-sustainability, and
self-organization of ionization zones will be presented with emphasis on
potential, electric field and ionization rate distributions. It will be shown
that ionization zones play a critical role in the transport of both electrons

and ions [4-6].
[17 A. Kozyrev et al., Plasma Physics Reports 37 (2011) 621

[2] A. Anders et al., J. Appl. Phys., 111 (2012) 053304

[3] A.P. Ehiasarian et al., Appl. Phys. Lett. 100 (2012) 114101

[4] M. Panjan et al., Plasma Sources Sci. Technol., 23 (2014) 025007
[51 A. Anders et al., Appl. Phys. Lett., 103 (2013) 144103

[6] P.A. Ni et al., Appl. Phys. Lett., 101 (2012) 224102

3:40pm  SE+PS+TF-MoA6  Properties of Ionization Zones in
Magnetron Sputtering Observed in the Transition Region between dc
and HiPIMS, André Anders, Y. Yang, J. Liu, Y. Qiu, Lawrence Berkeley
National Laboratory

Research in the last years revealed that the plasma in high power impulse
magnetron sputtering (HiPIMS) is rich in structure, featuring self-organized
patterns [1], plasma flares [2], and azimuthally asymmetric particle jets [3].
Most prominent are drifting regions of enhanced excitation and ionization,
which are called ionization zones but sometimes also labeled spokes in
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analogy to similar phenomena seen in other E x B devices such as Hall
thrusters. Fast imaging of ionization zones in HiPIMS revealed the presence
of several distinct ionization zones, for example 3-5 zones in the case of
sputtering with a 3-inch magnetron at peak currents of the order 100 A. The
zone drift velocity is several 1000 m/s, up to 10* m/s, yet much slower than
the E x B drift of electrons, which is of the order of 10° m/s. In contrast,
when sputtering continuously (dc) at very low current (less than 1 A), and at
low pressure (less than 1 Pa), we find only one ionization zone moving at
low velocity in the reverse, i.e. the — E x B direction. Increasing the current
and pressure tends to split the zone into two and occasionally three zones.
The appearance of each zone depends on current and other factors such as
the pressure of the process gas. In this contribution, we explore the
transition regime between dc operation at low current and HiPIMS
operation with high peak currents. Using fast streak and frame imaging
cameras we detect even more structures and structure changes than
anticipated. We conclude that the discharge and its particle transport is
governed by zone-related instabilities and turbulence.

[1] A. Anders, et al., J. Appl. Phys. 111 (2012) 053304.
[2] P.A. Ni, et al., Appl. Phys. Lett. 101 (2012) 224102.
[3] M. Panjan, et al., Plasma Sources Sci. Technol. 23 (2014) 025007.

4:00pm SE+PS+TF-MoA7 Observation of Multiple Charge States and
High Ion Energies in High-Power Impulse Magnetron Sputtering
(HiPIMS) and Burst HiPIMS using a LaBs Target, Robert Franz,
Montanuniversitit Leoben, Austria, C. Clavero, Lawrence Berkeley
National Laboratory, R. Bolat, Nazarbayev University, Kazakhstan, R.
Mendelsberg, A. Anders, Lawrence Berkeley National Laboratory

In high-power impulse magnetron sputtering (HiPIMS), a variation of
pulsed magnetron sputtering, short high-voltage pulses are utilized to create
discharges with high current densities and a high degree of ionization of the
target atoms. In recent years, more complex pulse patterns than the single
pulses used in the original or conventional HiPIMS have been developed,
e.g. burst-HiPIMS where a series of very short (few us) pulses are bunched
to form bursts.

In the present work, the charge-state-resolved ion energies of HiPIMS
discharges were measured, using a LaBg target, as a function of charging
voltage, pulse length, pulse frequency and on/off time ratio within applied
HiPIMS bursts [1]. The highest charge states can reach +2 and +3 for boron
and lanthanum ions, respectively. At high discharge powers, the B/La ion
ratio can exceed the respective atom ratio in the target producing B-rich
plasma with up to 98% boron ions. In the case of two-segmented bursts
with high on/off time ratios, La®" is the dominating lanthanum ion species
and the ion energy distribution of B shows a pronounced high-energy tail
extending up to 750 eV. The measured plasma compositions, ion charge
states and ion energies are discussed within the established framework of
HiPIMS discharges and the recent postulation that potential humps are
associated with drifting ionization zones. The recorded high B/La ion ratios
are a result of complex effects related to particle fluxes in the HiPIMS
plasma of compound targets, as explained with the help of an expanded
schematic representation of self-sputtering and gas atom recycling. The
high energies of the B ions are based on a combination of the self-
sputtering of boron, backscattering of incident boron ions on lanthanum
atoms in the target and acceleration by localized potential humps [2].
Further evidence for potential humps is provided by the observed charge-
state dependence of ion energies and features between the thermal peak and
high-energy tail of the ion energy distribution functions.

[1] R. Franz, C. Clavero, R. Bolat, R. Mendelsberg, A. Anders, Plasma
Sources Sci. Technol. 23 (2014) 035001.

[2] A. Anders, M. Panjan, R. Franz, J. Andersson, P. Ni, Appl. Phys. Lett.
103 (2013) 144103.

4:20pm SE+PS+TF-MoA8 Pulsed Magnetron Sputtering of Novel
Multifunctional Films, Jaroslav Vicek, J. Rezek, J. Kohout, University of
West Bohemia, Czech Republic

High-power impulse magnetron sputtering with a pulsed reactive gas flow
control was used for the reactive deposition of Ta-O-N films with tunable
composition and properties [1]. The depositions were performed using a
strongly unbalanced magnetron with a planar directly water-cooled Ta
target in Ar-O,-N, gas mixtures at an average target power density of up to
2.4 kWem™? in a pulse. The repetition frequency of pulses was 500 Hz at a
fixed 50 ps voltage pulse length and the total pressure close to 2 Pa. An
effective reactive gas flow control made it possible to adjust the film
composition from Ta,0s to a mixture of Ta;Ns and TaN. We prepared Ta-
O-N films possessing appropriate band-edge levels for water splitting and a
narrow optical band gap of 2.5 eV that permits a visible light absorption up
to 500 nm.

Pulsed dc magnetron co-sputtering of a single target (B4C-Si, B4sC-Zr or
B4C-Hf-Si) in Ar-N, gas mixtures was used for deposition of different
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multifunctional films. The repetition frequency of pulses was 10 kHz at a
fixed 85 us voltage pulse length and the total pressure of 0.5 Pa. We present
the results obtained for amorphous Si-B-C-N films with an exceptionally
high thermal stability (above 1500°C) and very high optical transparency
[2], for nanostructured Zr-B-C-N films with a high hardness (37 GPa) and
high electrical conductivity [3], and for nanostructured Hf-B-Si-C films
with a high hardness (34-37 GPa), high electrical conductivity and
significantly improved oxidation resistance in air up to 800°C [4].

[1] J.Rezek, J.VIcek, J.Houska, R.Cerstvy, Thin Solid Films (submitted).

[2] J.Vicek, P.Calta, P.Steidl, P.Zeman, R.Cerstvy, J.Houska, J.Kohout,
Surf. Coat. Technol.

226 (2013) 34.

[3] J.VIcek, P.Steidl, J.Kohout, R.Cerstvy, P.Zeman, S.Proksova, V.Perina,
Surf. Coat. Technol. 215 (2013) 186.

[4] J.Kohout, J.VIcek, J.Houska, P.Mares, R.Cerstvy, P.Zeman, M. Zhang,
JJiang, E.I. Meletis, S. Zuzjakova, Surf. Coat. Technol. (submitted).

4:40pm SE+PS+TF-MoA9 Surface Engineering of Magnesium and
Magnesium Alloys for Improved Corrosion Resistance, Michael Melia,
J.R. Scully, J M. Fitz-Gerald, University of Virginia

Due to the need for significant weight reduction of structural components,
the development of Mg alloys has been ongoing over the last 100 years.
One long-standing obstacle regarding the use of Mg alloys for widespread
field application is their intrinsically poor corrosion resistance and lack of
surface films or oxides that enable “self-healing” or active scratch
protection. Micro-galvanic induced “self-corrosion” due to alloy
heterogeneity is a key concern. The effects of Excimer laser surface
modification and electric arc surface processing on the corrosion resistance
of commercially pure Mg (99.8 wt% Mg) and Mg alloy (AZ31B) is
investigated. Non-equilibrium processing is being investigated to control
surface chemistry, microstructure, and phase formation in order to mitigate
the micro-galvanic corrosion with the initial goal of microstructural and
composition homogenization. In an attempt to achieve surface
homogenization and control Mg evaporation, a range of operating
parameters (energy density, dwell time, and processing atmosphere) were
explored.

Surface morphology, composition, and local phase imaging were performed
with scanning electron microscopy in secondary and backscattered electron
imaging modes. X-ray diffraction was used to examine phase and surface
regions in grazing incidence mode. Corrosion characterization was
performed in a standard three electrode corrosion cell with an aerated 0.6 M
NaCl solution. Electrochemical Impedance Spectroscopy (EIS) (10,000 to
0.001Hz) and potentiodynamic polarization scans (0.1 mV/s) were used to
determine corrosion resistance, anodic/cathodic behavior, pitting potential
and open circuit potential (OCP).

Preliminary results confirm that a measured level of surface
homogenization was achieved irrespective of process gasses used (Ar, Ny,
He). Moreover, in the case of N, processed 99.8% purity Mg samples, the
formation of Mg;N, was found to have a significant impact on the corrosion
resistance. The AZ31B samples processed in Ar exhibited a similar
corrosion response to the N, processed surfaces, suggesting homogenization
was a larger factor than nitriding. The cathodic behavior consistently
exhibited a significant reduction in the rate of the H, evolution reaction,
more apparent in 99.8% purity Mg. Furthermore, the OCP was reduced by
100-350 mV. Impedance results support these findings with a significant
improvement in polarization resistance after treatment. However, processed
samples exhibited a minimal change in anodic behavior besides minor
fluctuations in pitting potential. Possible mechanisms for the inhibition of
the cathodic reaction rate will be presented and discussed.

5:00pm SE+PS+TF-MoA10 Designing a Precious Metal-Free Catalyst
for Purification of Automotive Exhausts: NO Reduction and CO
Oxidation on CuO(110) Surface, H. Kasai, J. Moreno, A.A. Padama,
Osaka University, Japan, C. Matsuda, K. Naito, M. Uenishi, H. Tanaka,
Daihatsu Motor Co., Ltd, Japan, Y. Nishihata, Japan Atomic Energy
Agency, Japan, Mamoru Sakaue, Osaka University, Japan

Nitrogen oxide (NOy) and carbon monoxide (CO) are known by-products of
fossil fuel combustion, which greatly contribute to atmospheric pollution.
Thus, understanding the conversion process of NOy and CO into less
hazardous gases is of utmost importance. It is well known that precious
metals (such as Rh, Pd and Pt) work well to reduce these pollutant gases,
but their high cost is a road block to a more prevalent use. Therefore, a
more readily available and inexpensive material with comparable, if not
better, catalytic performance is needed. Our group has investigated the role
of surfaces as a foundation to realizing designer materials, in this case for
exhaust purification [1]. In particular, we have previously studied the
dissociation of nitric oxide (NO) on Cu,O(111) surface [2-4]. In this work,
we look at the possibility of using a CuO catalyst for NO reduction and CO



oxidation. Using density functional theory, we first investigated the
dissociation process of NO on CuO(110) surface [5]. We found that NO is
molecularly adsorbed perpendicular to the surface on the active hollow site
between the surface Cu-atoms with an N-end configuration. An energy
barrier of 1.1 eV was obtained for NO dissociation. The dissociated state
was found to be most stable when the coadsorbed N and O atoms are on
adjacent hollow sites. In comparison with the Rh(111) surface, the
CuO(110) provides lower activation barrier for NO dissociation and lower
adsorption energies for coadsorbed N and O atoms. To further investigate
the oxidation of CO after the NO dissocation process, CO was adsorbed on
the CuO(110) surface with coadsorbed N and O atoms. In this case, CO was
molecularly adsorbed on top of a surface Cu atom while attracting the
adsorbed O atom. An energy barrier of 0.9 eV was obtained for the CO
oxidation process. This barrier was lower than the case of CO oxidation on
Rh(111) surface with adsorbed oxygen atoms. The resulting CO, molecule
was stably adsorbed with its center on top of a surface Cu atom. The results
obtained in this study are in agreement with our experimental findings. In
conclusion, we believe that CuO is a very promising catalyst for the
purification of automotive exhausts.

Surface Science
Room: 309 - Session SS+EN-MoA

Metals, Alloys and Oxides: Structure, Reactivity &
Catalysis
Moderator: Jason Weaver, University of Florida

2:00pm SS+EN-MoA1l High Throughput Discovery and Optimisation
of Metal Alloy Electrocatalysts, Brian Hayden, University of
Southampton INVITED
High-throughput synthesis and screening methodologies provide a powerful
tool for the optimisation of alloy electrocatalysts. Libraries of thin film
metal alloys have been synthesised using MBE sources to produce
compositional gradient thin films in masked fields on micro-fabricated
electrochemical screening chips. Examples will be given of ternary metal
alloy catalysts designed as alternatives to platinum for the oxygen reduction
reaction at the cathode in PEM Fuel Cells. The combination of ab-initio
theory and high throughput synthesis and electrocatalyst screening is also
shown to provide a powerful combination in the search for alternative
catalysts to platinum for hydrogen oxidation at the anode. The approach has
also been extended to the development of PdCu and PdSn alloys for the
electro-reduction of nitrate, alloys which exhibit strong compositional
dependencies which can be related to the redox behaviour of the surfaces. A
full structural characterisation allows a direct comparison of catalytic
activity to not only composition but also to the structure and phase of the
alloy. In addition to measuring the total activity of the electrocatalysts, a
secondary screen has been developed adapting the Differential
Electrochemical Mass Spectroscopy (DEMS) method to assess the
specificity of the reaction to produce the desired gas phase product.

2:40pm  SS+EN-MoA3 Methanol Oxidation on Pt-Re Surfaces:
Ambient Pressure XPS and Reactor Studies, 4.S. Duke, R.P. Galhenage,
K. Xie, University of South Carolina, S.4. Tenney, P. Sutter, Brookhaven
National Laboratory, Donna Chen, University of South Carolina

Methanol oxidation has been investigated on Pt-Re bimetallic surfaces in
order to understand how the addition of Re promotes activity on Pt in
alcohol reforming and other oxidation reactions. Pt-Re alloy surfaces were
prepared by depositing Re on Pt(111) or polycrystalline Pt foils and
annealing to 1000 K. Scanning tunneling microscopy studies demonstrate
that the deposited Re islands diffuse into the Pt(111) surface upon
annealing, and low energy ion scattering studies indicate that the top
monolayer consists mainly of Pt. XPS investigations were carried out at the
X1A1 beamline at the National Synchrotron Light Source under methanol
oxidation conditions of 200 mtorr O,/100 mtorr methanol between 300 and
550 K, and gaseous products were monitored using a mass spectrometer.
Methanol oxidation was studied on clean Pt(111), the Pt-Re alloy and Re
films grown on Pt before and after surface oxidation at 450 K. The main
products on all surfaces were CO, and H,O with formaldehyde, CO and H,
as minor products. On the unoxidized surfaces, the selectivity toward H,
and CO production increased above 500 K. Deposition of atomic carbon
during reaction was suppressed on the Pt-Re alloy surfaces as compared to
pure Pt, and the oxidized Pt-Re alloy was found to reach maximum activity
at the lowest temperatures. The Re films were unstable under methanol
oxidation conditions at temperatures above 450 K due to the sublimation of
Re oxides, but the Re in the Pt-Re alloy remained on the surface under the
same conditions. Activity studies in a flow reactor coupled to the ultrahigh
vacuum chamber showed that methanol oxidation activity increases with
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surface oxidation; unoxidized Pt and Pt-Re surfaces initially exhibit
minimal activity until the surface becomes oxidized under reaction
conditions.

3:00pm SS+EN-MoA4 Angstrom-resolved Real-Time Dissection of
Electrochemically Active Noble-Metal Interfaces during Oxidation and
Reduction, B.R. Shrestha, T. Baimpos, S. Raman, Markus Valtiner, Max
Planck Institut fur Eisenforschung GmbH, Germany

Electrochemical metal-oxide|liquid interfaces are critically important for a
variety of technological applications and materials for energy storage,
harvesting and conversion. Yet, a real-time Angstrom-resolved visualization
of dynamic processes at electrified metal-oxide|liquid interfaces has not
been feasible. Here we present a unique direct and real-time atomistic
experimental view into dynamic processes at electrochemically active metal
interfaces using white light interferometry in an electrochemical surface
forces apparatus. This method allows to simultaneously decipher both sides
of an electrochemical interface - the solution side and the metal side - in
real-time under dynamically evolving reactive conditions, which are
typically found in technological systems in operando. Quantitative in situ
analysis of the electrochemical oxidation and reduction of noble metal
surfaces shows that the A-thick oxide films formed on Au and Pt are
reflecting high-ik materials, ie. they are metallic or highly doped
semiconductors, while Pd forms a transparent low-ik oxide during dynamic
change of applied electrochemical potentials. In contrast, under
potentiostatic growth conditions all electrochemically grown noble metal
oxides are transparent, with thicknesses ranging from 2-10 A. On the
solution side the data simultaneously reveals hitherto unknown strong
electrochemical depletion forces, which are due to a temporary charge
imbalance in the electric double layer caused by the consumption or
generation of charged species. The real time capability of our approach
shows significant time lags between electron transfer, oxide reduction/
oxidation and solution side equilibration during a progressing electrode
process. Comparing the kinetics of solution side and metal side reactions
provide detailed experimental evidence that noble metal oxide reduction
initiates via hydrogen loading and subsequently proceeds via a dissolution/
re-deposition mechanism. The presented approach may have important
implications for designing emerging materials utilizing electrified interfaces
such as fuel cells, batteries or super-capacitors.

3:40pm SS+EN-MoA6 Catalytic Dehydration of 2-propanol on Size
Selected (WO3), and (M0Os), Metal Oxide Clusters, Xin Tang, Johns
Hopkins University, D. Bumueller, G. Gantefoer, Universitit Konstanz,
Germany, D.H. Fairbrother, K.H. Bowen, Johns Hopkins University

Metal oxide nanoparticles and clusters are widely used as redox and acid/
base catalysts in heterogeneous catalysis. The catalytic activity of the size
selected metal oxide clusters (WO;), and (MoOs), (n =1, 2, 3, 5, 30) were
studied as a function of their size. The 2-propanol dehydration reaction was
conducted on both two cluster catalysts. Temperature programmed reaction
(TPR) was utilized to characterize the catalytic activity of the deposited
cluster catalysts. The cluster size, supporting substrates, and the chemical
compositions of the clusters were found to play an important role in
determining the catalytic activity of the metal oxide clusters. For tungsten
oxide clusters on the annealed oxide films, the catalytic activity of the
clusters was found to be linear correlated to the size of the cluster. In
addition, lower catalytic activity was observed for (WO;); monomer
supported on the HOPG surface compared to the annealed oxide support.
Meanwhile, molybdenum oxide clusters exhibited low catalytic activity
toward 2-propanol dehydration reactions.

4:00pm SS+EN-MoA7 Growth and Characterization of Ultrathin ZnO
Layers on Au(111) — STM Study of Growth Mode and Adsorption of
Water, Junseok Lee, X. Deng, D.C. Sorescu, National Energy Technology
Laboratory

Zinc oxide is an important material in the low-temperature synthesis of
methanol. In this study, the growth mode of ZnO ultrathin films has been
studied on the Au(l11) surface using scanning tunneling microscopy
(STM). The ultrathin ZnO layers have been found to grow by forming
islands on Au(111). Different growth conditions during reactive deposition
resulted in ZnO islands whose thickness ranging from one to four layers.
The STM results and the density functional theory (DFT) calculation have
been used to model the observed phenomena. STM results indicate that the
brightness of the Moire pattern of the ZnO layer on Au(111) surface is
significantly modulated by the adsorption of water molecule at the positive
tip bias. Various water adsorption sites have been identified in the STM
results after annealing the sample to various temperatures that correspond to
temperature programmed desorption (TPD) peaks. The DFT calculation
results provide the most stable configurations of water molecules at each
adsorption site.
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4:20pm SS+EN-MoAS8 In Situ Imaging of the Dynamic Interaction of
the Oxide with the Atomic Steps During the Oxide Growth on
NiAl(100), Hailang Qin, SUNY Binghamton, X. Chen, Biola University, P.
Sutter, Brookhaven National Laboratory, G.W. Zhou, SUNY Binghamton
Ultrathin oxide films on metal supports represent a unique combination of
materials systems with potential applications ranging from heterogeneous
catalysis to electronic devices. In particular, the oxidation of NiAl alloys
has received extensive interest for its ability to form a well-ordered Al,Os
film. Here we study the dynamic interaction of the atomic steps with the
oxide stripes during their growth on single-crystal NiAl(100) at high
temperature. With in-situ low-energy electron microscopy (LEEM) imaging
and theoretical modeling, it is shown that the oxygen surface diffusion is the
main mechanism controlling the oxide growth kinetics while the migration
and shape evolution of the substrate steps follows the fluid-like Hele-Shaw
flow governed by the attachment/detachment of Al atoms at step edges.
When the oxide stripe encounters a series of step edges, the step edges are
“pushed” along with the oxide stripe growth and bent towards the growth
direction of the stripe. However, the growing oxide stripes do not cross over
the substrate steps; instead, they stay on the same terrace even after
encountering a number of step edges. Such a process is reversible during the
oxide decomposition. The scanning tunneling microscopy (STM) images of
the oxide stripes and the atomic steps after the interaction further confirm
that the oxide stripes stay on the same terrace after encountering multiple
substrate steps, instead of crossing the step edges.

4:40pm SS+EN-MoA9 Subsurface Oxygen on Ni(111) and Ag(111),
Daniel Killelea, J. Derouin, R. Farber, Loyola University Chicago

Subsurface oxygen atoms are enigmatic sources of energetic reagents in the
heterogeneously catalyzed partial oxidation of small hydrocarbons on metal
surfaces. Subsurface oxygen atoms are absorbed in the selvedge of a metal,
and may emerge to the surface at elevated temperatures to react with
adsorbed molecules. Furthermore, when subsurface atoms emerge from
beneath adsorbed molecules new reaction geometries are enabled that are
otherwise inaccessible between reactants co-adsorbed to a surface.
Although believed to be important reactive intermediaries, a systematic
study of their fundamental chemistry has yet to be undertaken. To address
this, we have selected two model systems for study; oxygen on Ni(111) and
Ag(111). These are two systems that will provide basic details of subsurface
absorption and reactivity, and further provide guidance for utilization of
these species to selectively control chemistry. Subsurface atoms are key
components of catalytic processes, but it remains unclear how they enhance
reactions. The surface-subsurface dynamics will be elucidated using
scanning tunneling microscopy (STM) to image the surfaces with and
without subsurface O atoms. We will use the images to determine the
presence of a bias for particular surfaces sites for the absorption /
emergences processes and further study any structural or electronic effects
of the subsurface O atoms on the host metal surface. To complement STM
images, temperature programmed desorption and Auger electron
spectroscopy will identify adsorbates and provide thermodynamic
information. Our results will show mechanisms for subsurface migration
and we will also probe the energetics of subsurface incorporation. Taken
together, this new information seeks to narrow the gap our understanding
between model and actual catalytic systems and enable chemists to
accurately gauge the role of subsurface species in the transformation of
plentiful feedstock into energy-rich chemicals over metal catalysts.

5:00pm SS+EN-MoA10 Direct Imaging of the Amphiprotic Nature of
Rutile (110) Surfaces in Solution, Dapeng Jing, A. Song, M.A. Hines,
Cornell University

High-profile applications of nanocrystalline TiO,, such as next-generation
solar cells and self-cleaning surfaces, have triggered extensive studies on
the structure and chemical reactivity of rutile surfaces. But are UHV-
prepared clean surfaces a good representation of technologically relevant
surfaces? In this study, we show that a simple aqueous procedure produces
near-ideal hydrocarbon-free rutile (110) surfaces characterized by well-
defined terraces and nearly straight, single-layer-high steps without high-
temperature annealing. The structure of rutile surfaces after water exposure
is very different from that observed on UHV-prepared clean surfaces. In
particular, the O vacancies that dominate the reactivity of surfaces in UHV
are not present, as evidenced by both XPS spectra and STM images. This
water-induced “healing” of O vacancies is consistent with chemical
intuition. The step structures, too, are quite different. In addition, the
amphiprotic nature of the surface is directly observed in STM. Depending
on the pH of the solution, a low density of protrusions decorate either the Ti
rows or the bridging oxygen atoms, consistent with pH dependent
protonation/deprotonation of the basic/acidic sites on the surface. No
evidence of the corresponding counterions is observed.
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5:20pm SS+EN-MoAll Water Splitting Kinetics at MgO(100) Terrace
Sites, John Newberg, University of Delaware

Understanding the surface chemistry of water with metal oxide interfaces
has important implications in energy and environmental research. In order
to understand surface kinetics and thermodynamics under environmental
conditions, in situ molecular level studies are needed to assess adsorbate
chemistry and coverage under conditions where adsorption and desorption
occur concomitantly. In this talk we will outline a proposed precursor
kinetic model to describe recently published ambient pressure XPS
(APXPS) results for MgO(100) terrace hydroxylation observed under
adsorption-desorption  conditions. By combining APXPS  with
computational studies, mechanistic details for water dissociation on
MgO(100) terrace sites are put forth.

Thin Film
Room: 307 - Session TF+PS-MoA

ALD Surface Reactions and Precursors
Moderator: Andrew Cavanagh, University of Colorado,
Boulder

2:00pm  TF+PS-MoAl Broadband Sum-frequency Generation:
Studying the Initial Growth of ALD ALO; by Nonlinear Surface
Vibrational Spectroscopy, Vincent Vandalon, R.H.E.C. Bosch, W.M.M.
Kessels, Eindhoven University of Technology, Netherlands

The understanding of the atomic layer deposition (ALD) processes has
advanced significantly through the insight obtained with in situ linear
vibrational surface spectroscopy, in particular by Fourier transform infrared
(FTIR) spectroscopy. In this work we apply a nonlinear vibrational
spectroscopy technique, the so-called broadband sum-frequency generation
(BB-SFG) method, to study the ALD surface chemistry in situ. BB-SFG is a
laser based technique, new to the field of ALD, in which a short visible
spectrally-narrow laser pulse (~1 ps) is combined with an ultrashort
broadband IR pulse (~90 fs) impinging simultaneously on the sample. The
generated sum-frequency spectrum, detected in the visible, contains a part
of the vibrational fingerprint of the IR region (bandwidth ~100 cm-1) which
can detected “background-free” with a high sensitivity even at short
integration times (1-100 s). Moreover, the surface selective nature of BB-
SFG is uniquely suited for the study of the ALD surface chemistry in which
the surface groups can be monitored accurately. In this presentation, first
the BB-SFG method developed in our group in the last few years will be
explained. Subsequently, the application of the method during ALD AI203
(from AI(CH3)3 and H20) will be addressed. In particular the initial film
growth of AI203 on H-terminated Si(111) will be followed by probing the
Si-H stretch mode (2084 cm-1) with BB-SFG. The decrease in Si-H signal
due to AI(CH3)3 and H20 exposure will be correlated with the increase of
the second-harmonic signal [1], revealing insight into the kinetics of initial
film growth as well as the surface chemistry during steady-state growth.
The results will be combined with observations by FTIR studies from our
own work and from literature [2]. The surface reactions during the initial
growth of A1203 by ALD will be addressed.

References:
[1] Hofler, APPL PHYS A-MATER 63, 533-547, 1996
[2] Frank, Chabal, Wilk, APL 82, 4758, 2003

2:20pm TF+PS-MoA2 In Situ FTIR Analysis of Reaction Mechanisms
between Trimethylaluminum and Carbonyl-Containing Polymers
During ALD, Philip Williams, E.C. Dandley, A. Brozena, C. Needham,
C.J. Oldham, G.N. Parsons, North Carolina State University

New methods to modify polymers are of interest for numerous applications.
The chemical mechanisms during trimethylaluminum (TMA) and water
exposure during AlLO; ALD onto polymers depends strongly on the
polymer substrate and ALD conditions. Under some conditions, a solid
oxide film can form with a relatively abrupt polymer/oxide interface.
Typically however, TMA can diffuse sub-surface and react with the
polymer in the substrate near-surface or bulk. Recently, we studied
mechanisms during TMA vapor infiltration into various polymers using in
situ infrared spectroscopy. In many polymers, the TMA coordinates with a
polymer functional group, either on the backbone or on a side-chain, to
form a Lewis acid/base adduct. For example, in poly(vinylpyrrolidinone)
(PVP), the carbonyl of the amide moiety (~1780 cm) is observed to
coordinate strongly with trimethylaluminum and shift to ~1725 c¢m™, and
the adduct remains stable until water exposure. After water treatment, the
adduct mode decreases and the original amide carbonyl signal appears to
return. This could indicate release of TMA, but aluminum oxide formation
in the polymer shows clearly that the TMA reacts within the polymer. Ab



initio calculations (B3LYP) were performed to support mechanistic
analyses of TMA within the polymer. A similar TMA/carbonyl adduct
formation/release mechanism is observed during TMA/water exposure to
poly(methyl methacrylate). On the other hand, when poly(acrylic acid) is
exposed to TMA, the carbonyl mode disappears then does not reappear after
water exposure. This suggests that in PAA, the TMA reacts with the
carbonyl to form a stronger covalent bond that does not change upon water
exposure. This difference in reactivity for TMA in the polyacid is likely
associated with the presence of acidic hydrogens aiding in the formation of
the methane byproduct and more stable covalent aluminum-oxygen bonds.
These results help expand understanding of ALD onto polymers and can
enable better control of coating and infiltration processes.

2:40pm TF+PS-MoA3 Time-resolved FT-IR Spectroscopy during ALD
using La('PrCp); and H,O, Brent Sperling, J.E. Maslar, W.A. Kimes,
NIST

In situ Fourier transform infrared (FT-IR) spectroscopy has provided many
valuable insights into various chemistries used for atomic layer deposition
(ALD). Frequently, it is used to observe the molecular fragments remaining
on a surface after exposure to each precursor or the phonon modes of films
as they are deposited layer-by-layer. The limitations of FT-IR spectroscopy,
however, have restricted it to quasi-static conditions that differ dramatically
from most growth studies. Spectra cannot easily be obtained with the
temporal resolution needed to keep pace with typical ALD cycle times. We
have developed a method that signal averages time-resolved spectra over
multiple ALD cycles to improve the rate of data acquisition to around 150
ms. Additionally, by using external reflection from a metal surface,
absorption by surfaces species is enhanced; alternating polarization states
allows the surface to be differentiated from gas-phase species and
deposition on the windows. We apply this method to La('PrCp);/H,O
chemistry (‘PrCp = isopropyl-cyclopentadienyl), which has proved to be
difficult to understand from growth studies. We present our attempts to
recreate literature conditions in our laminar flow reactor with in situ FT-IR
spectroscopy to observe surface and gas-phase species.

3:00pm TF+PS-MoA4 Surface Reactions and Interface Evolution
during the ALD of HfO, on GaAs Surfaces Studied by In Situ ATR-
FTIR, Liwang Ye, T. Gougousi, University of Maryland, Baltimore County
In situ attenuated total reflectance Fourier transform infrared (ATR-FTIR)
spectroscopy was utilized to study the surface reactions and interface
evolution during the Atomic Layer Deposition (ALD) of HfO, on
GaAs(100) surfaces. The chemistry studied involves the use of tetrakis
(dimethylamino) hafnium (TDMAH) and H,O. The experiments were
performed on chemical oxide and HF etched GaAs(100) starting surfaces.
For the deposition of HfO, on chemical oxide GaAs surface at 275°C,
which corresponds to the optimal ALD process temperature, considerable
arsenic oxide consumption was observed at the 1* TDMAH exposure. The
arsenic oxide removal continued during subsequent ALD cycles albeit at a
reduced rate. For similar experiments performed at 200°C, the arsenic oxide
consumption was significantly lower than that at 275°C in agreement with
the observations of Suri et al.' A clear ligand exchange process is identified
through the alternate appearance of the CH and OH terminated surfaces.
However, additional byproducts that contain -C=N- bonds are produced
during the water pulse and accumulate in the film. Isotope exchange
experiments indicate that these species are compatible with the formation of
methylmethyleneimine (MMI) that may be produced through a beta hydride
elimination pathway. **

[1] R. Suri, D. J. Lichtenwalner, and V. Misra, Appl. Phys. Lett. 96, 112905
(2010).

[2] C. M. Truong, P. J. Chen, J. S. Corneille, W. S. Oh, and D. W.
Goodman, J. Phys. Chem. 99, 8831 (1995).

[3] M. Bouman and F. Zaera, J. Electrochem. Soc. 158, D524 (2011).

3:40pm TF+PS-MoA6 Precursor Design: Controlling Melting Point,
Volatility, Reactivity and Other Important Characteristics of CVD and
ALD Precursors, Sedn Barry, Carleton University, Canada INVITED
Chemical vapour deposition methods (CVD) including atomic layer
deposition (ALD) are relatively forgiving processes in many respects: the
pressure does not have to be very low or strictly controlled, and to some
extent the temperature of deposition likewise can have a certain amount of
error. These forgiving conditions are largely due to the fact that growth of a
film by CVD and ALD is controlled by the surface chemistry of the
precursor used, as well as the behaviour of the precursor under thermal
stress and in the gas phase. It is often said that precursor “design” is
important in these fields: this refers to the control over several key
characteristics of the precursor with respect to thermal and chemical
behaviour.
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My research hinges on the design of precursors with respect to four key
characteristics, and each will be discussed using examples. Control of
melting point is important to allow better kinetics of evaporation, and this
can be tuned by ligand design and asymmetry in the precursor compound.
Volatility is a key factor for a precursor, and this can be controlled many
ways, including the coordinative saturation of the central (typically metal)
atom of the precursor. Thermal stability and chemical reactivity are
intimately related, and here choice of ligand, and knowledge of gas phase
and surface chemistry is critical for fine control over the difference between
a CVD precursor (which undergoes continual deposition) and an ALD
precursor (which requires at least a measure of surface stability to allow for
self-limiting behaviour).

4:20pm TF+PS-MoA8 Characterizing Vapor Delivery of u*-#’-(‘Bu-
Acetylene)Dicobalthexacarbonyl (CCTBA) for Deposition Processes,
James Maslar, W.A. Kimes, B.A. Sperling, National Institute of Standards
and Technology (NIST), R. Kanjolia, SAFC Hitech

Cobalt metal is a promising material for the formation of enhanced copper
barrier and/or seed layers for copper interconnects in integrated circuits. For
these applications, atomic layer deposition of cobalt using a gas-phase
precursor can provide advantages in the device fabrication process.
12-n*-(‘Bu-acetylene)dicobalthexacarbonyl (CCTBA) is a cobalt precursor
that can be delivered as a vapor in a carrier gas. However, CCTBA exhibits
a relatively low vapor pressure at ambient conditions and typically must be
delivered at elevated temperatures to increase the amount of material
delivered to the growth surface. As is typically the case for deposition
precursors, prolonged heating can lead to decomposition of CCTBA.
Therefore, this work was undertaken to help identify optical delivery
conditions for CCTBA by investigating 1) the decomposition of CCTBA in
an ampoule at various ampoule temperatures and 2) the delivery of CCTBA
from an ampoule as a function of carrier gas flow rate, system pressure, and
ampoule temperature. CCTBA decomposition in an ampoule was
investigated by using Fourier transform infrared (FT-IR) spectroscopy to
identify the species present in the headspace of a CCTBA-containing
ampoule as a function of time and ampoule temperature. CCTBA delivery
was investigated using two optical techniques installed onto a delivery line
from the ampoule. Optical access to the delivery line was achieved using
two custom-built in-line optical flow cells that were designed to minimize
perturbations to the gas flow. One flow cell was utilized for time-resolved
FT-IR spectroscopy. This technique was used to identify the species
entrained in the carrier gas. However, time response was limited to ~150 ms
which is insufficient to resolve many thermal processes impacting CCTBA
entrainment. In order to improve time resolution, a CCTBA-specific region
of the mid-IR spectrum was identified and a direct optical absorption
technique designed for CCTBA. This techinque employed a broadband
infrared source with a mid-IR bandpass filter for isolating CCTBA-specific
absorption features. This technique was installed on the second optical flow
cell and used to measure the time-dependent CCTBA partial pressure as a
function of gas flow rate, system pressure, and ampoule temperature for
each CCTBA pulse with a time resolution of ~5 ms. In this manner, the
dependence of CCTBA partial pressure on delivery conditions was
identified. From these data and the time-dependent partial pressure data
obtained with this optical measurement, the dependence of the actual
amount of CCTBA delivered on delivery conditions was calculated.

4:40pm TF+PS-MoA9 Effect of Precursor on Coating Uniformity in
Mesoporous Metal Oxide Films during Steady and Hold-Step ALD
Processes, Ber¢ Kalanyan, M.D. Losego, G.N. Parsons, North Carolina
State University

Mesoporous film substrates with surface areas greater than 100 m”/g see use
in a variety of applications, most notably in photovoltaic and
photoelectrochemical energy conversion. Pastes composed of 10-20 nm
diameter metal oxide particles (ITO, FTO, ATO, TiO,) are cast as a thick
film and sintered to form conductive substrates. Atomic layer deposition
(ALD) is uniquely suited to apply conformal coatings into these types of
mesostructured films. To date, ALD coatings have been used in this fashion
for dye sensitized solar cells, photoelectrochemical cells, and thermal
photovoltaic devices. Beyond common “steady” or “continuous-flow” ALD
processes, several research groups have explored the use of “gas hold
steps”, where the reactor is isolated from the pump for some period of time
during the precursor exposure, for example, to enhance precursor infusion
into high surface area or porous substrates.

In this study we examine ALD processing under steady and hold-step
sequences for applying TiO, coatings into mesoporous Sn-doped indium
oxide (ITO). Typical mesoposous films are up to 10 um thick, which
represents the minimum distance (without tortuosity) that precursor vapors
need to travel in order to reach the bottom of the mesostructure. We choose
two Ti-containing precursors, titanium tetrachloride (TiCl) and titanium
tetraisopropoxide (TTIP), to understand the influence of bulky functional
groups on precursor diffusion. The TTIP diffusivity will be smaller than
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TiCl, but it is also sterically hindered by its larger molecular size. We
characterize film uniformity in mesoporous substrates by dynamic time-of-
flight secondary ion mass spectrometry (TOF-SIMS), in-situ quartz crystal
microbalance (QCM), and Krypton gas adsorption experiments.

We show that the TiCls/H,O process can readily infiltrate into nanoporous
ITO films as thick as 15 pm using a typical ALD process sequence, without
gas “hold” steps. On the other hand, SIMS analysis shows that TiO, films
deposited using TTIP and H,O under the same exposure condition reach a
depth of only 6 um before exhibiting a large decay in TiO™ secondary ion
intensity. While the TiCly shows much better coverage, the process suffers
from potential contamination, for example, from Cl which is observed in
SIMS analysis. Therefore the use of bulky precursors such as TTIP is
critical for ALD infiltration into mesoporous substrates, especially under
conditions where coating impurity content is an important concern.

5:00pm TF+PS-MoA10 Study of the Growth of Zinc Tin Oxide As
Model System for Ternary Metal Oxide Atomic Layer Deposition,
Adriaan Mackus, R.W. Johnson, W.-H. Kim, S.F. Bent, Stanford University
In recent years there is increasing interest in atomic layer deposition (ALD)
processes that go beyond traditional AB cycles to enable the deposition of
alloyed, doped, or ternary materials. The composition of a ternary material
can be tuned by mixing the cycles of two different AB processes in a certain
ratio ((AB),(CD),,). However, in practice, the composition and the growth
rate tend to deviate from what is expected based on the cycle ratio n/m,
whereas the formation of a certain crystallographic phase strongly depends
on the mixing of ALD cycles and post-deposition anneal conditions. A
detailed understanding of how to deposit ternary metal oxides with control
of composition and crystallographic phase is currently lacking.

In this work, the material zinc tin oxide (ZTO) has been selected as a model
system for studying ternary metal oxide ALD, motivated by its applications
as transparent conducting oxide (TCO)' or buffer layer® in solar cells. For
these applications it is important that ZTO consists of earth-abundant non-
toxic elements, and therefore has the potential to replace indium-based
TCOs or Cd-based buffer layers. ZTO films were deposited by combining
the ALD processes of ZnO from diethylzinc (DEZn) and water, and SnO,
from tetrakis(dimethylamido)tin (TDMASn) and water."” Synchrotron-
radiation X-ray diffraction (SR-XRD) has been performed at the Stanford
Synchrotron  Radiation Lightsource (SSRL) to investigate the
crystallographic phase of the films as a function of composition, cycle ratio,
and anneal conditions. It was found that the zinc orthostannate (Zn,SnOy)
phase forms upon high-temperature annealing, thereby confirming the
deposition of ZTO. In addition, Fourier transform infrared spectroscopy
(FTIR) was employed to elucidate the surface chemistry of the ZTO ALD
process.

1. Mullings et al., Thin Solid Films 556, 186 (2014)
2. Lindahl et al., Prog. Photovolt: Res. Appl. 21, 1588 (2013)
3. Mullings et al., J. Vac. Sci. Technol. A 31, 061503 (2013)

Thin Film
Room: 305 - Session TF-MoA

Self-Assembled Monolayers, Layer-by-Layer Assemblies,
and Hydrophobic/Amphiphobic Thin Films
Moderator: Subhadra Gupta, University of Alabama

2:40pm TF-MoA3 Embedded Dipole in Alkanethiolate Self-Assembled
Monolayers: Electronic Structure and Work Function Effects, Swen
Schuster, Heidelberg University, Germany, N. Sullivan, O. Cabarcos,
Pennsylvania State University, /. Hehn, Graz University of Technology,
Austria, J.-F. Morin, Université Laval, Canada, E. Zojer, Graz University of
Technology, Austria, M. Zharnikov, Heidelberg University, Germany, D.L.
Allara, Pennsylvania State University

Self-assembled monolayers (SAMs) bonded to metal-electrodes are
frequently used to modify charge-carrier injection and also serve as
prototypical systems for studying charge transport processes through
molecular assemblies. Usually, control over charge-carrier injection is
achieved by use of the terminal dipolar groups (terminal dipole) comprising
the SAM-ambience interface. But this architecture affects the growth mode
of an organic semiconductor (in the standard device configuration)
entangling it with the dipole control. In contrast, for the molecules with an
embedded dipolar element, the dipole control and the chemistry at the
SAM-ambience interface are decoupled. In this context, we studied a series
of SAMs on Au{l11} prepared from the mid-chain ester functionalized
thiols, HS(CH,),,CO,(CH,),.;CH; (CmECn) with different combinations of
m and n, different dipolar group orientations, and partial deuteration for
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some of these films. Electronic properties were analyzed by high resolution
x-ray photoelectron spectroscopy (HRXPS), near edge x-ray absorption fine
structure spectroscopy, work function measurements, and theoretical
simulations with supporting characterization by infrared spectroscopy and
AFM. The presence of the ester moiety leads to the formation of a strong
electric dipole layer with a component of ~1.05 Debye normal to the surface
for most of the CmECn SAMs and results in a strong electrostatic effect on
the HRXPS spectra in which the C 1s photoelectron kinetic energies are
consistently shifted by 0.7-1.0 eV between the alkyl segments below and
above the e mbedded ester group. In addition, this group affects the work
function of the entire assembly, with the direction of the change following
the direction of the embedded dipole. There is however no perfect
correlation between the behavior of the HRXPS spectra and the work
function, which has to be understood with the help of theoretical
simulations.

3:00pm TF-MoA4 Formation of Highly Ordered Self-Assembled
Monolayers of Alkynes on Au (111) Substrates, 7. Zaba, A. Noworolska,
Jagiellonian University, Poland, C.M. Bowers, B. Breiten, G.M. Whitesides,
Harvard University, Piotr Cyganik, Jagiellonian University, Poland
Self-assembled monolayers (SAMs) based on C-Au bonding and prepared
by reaction of terminal n-alkynes (HCEC(CH,),CHs, n = 5, 7, 9, and 11)
with Au(111) at elevated temperatures (60 °C), were characterized using
scanning tunneling microscopy (STM), infra-red reflection absorption
spectroscopy (IRRAS), X-ray photoelectron spectroscopy (XPS) and
contact angle of water.' In contrast to previous spectroscopic studies”* of
this type of SAM, these combined microscopic and spectroscopic
experiments confirm the formation of highly-ordered SAMs having packing
densities and molecular chain orientations very similar to those of
alkanethiols on Au(111). Physical properties—hydrophobicity, high surface
order, and packing density—also suggest that SAMs of alkynes are similar
to SAMs of alkanethiols. The preparation of high-quality SAMs from
alkynes requires careful preparation and manipulation of the reactants in a
rigorously oxygen-free environment: trace quantities of oxygen lead to
oxidized contaminants and disordered surface films. The influence of
oxygen on the quality of the SAM is apparently not related to reaction of
the Au—C bonds in a SAM with oxygen as suggested earlier,’ but instead,
suggests gold-catalyzed oxidation of the terminal acetylene in solution
before incorporation into the SAM. Importantly, once clean alkyne based
SAM is formed it becomes resistant to further oxidation in ambient
conditions. This stability, together with high structural order, provides the
basis for potential applications of this new type of SAM.

References
(1) Zaba, T.; Noworolska, A.; Bowers, C. M.; Breiten, B.; Whitesides, G.
M.; Cyganik, P. submitted, 2014

(2) Zhang, S.; Chandra, K. L.; Gorman, C. B. J. Am. Chem. Soc. 2007, 129,
4876.

(3) McDonagh, A. M.; Zareie, H. M.; Ford, M. J.; Barton, C. S.; Ginic-
Markovic, M.; Matisons, J. G. J. Am. Chem. Soc. 2007, 129, 3533.
(4) Scholz, F.; Kaletova, E.; Stensrud, E. S.; Ford, W. E.; Kohutova, A.;

Mucha, M.; Stibor, I.; Michl, J.; Wrochem, F. , J. Phys. Chem. Lett. 2013, 4,
2624.

3:40pm TF-MoA6 Dynamic and Angle-Resolved XPS Analysis of Ultra
Thin Polyelectrolyte Films Containing Metal Nanoparticles, Merve
Taner-Camci*, S. Suzer, Bilkent University, Turkey

Ultra thin polyelectrolyte layers have been constructed by sequential
adsorption of PAH (polyallylamine hydrochloride) as cationic
polyelectrolyte and PSS (polystyrene sulfonate) as anionic polyelectrolyte
on silicon substrates using layer-by-layer assembly. Negatively capped
AgCu nano-sized particles are incorporated as the outermost layer on the
ultra thin film. The sequential order of adsorbed layers and nanoparticles are
monitored by relative depth profile of the sample with respect to the
intensity changes of corresponding photoelectron peaks, via Angle
Resolved XPS analysis at different take off angles. Dynamic XPS analysis
is performed under the application of external voltage bias with a known
amplitude and frequency to control and probe the charging shifts, as well as
polarity dependent intensity changes. The shifts in the binding energy
position and the intensity fluctuations of photoelectron peaks reveal
information about the relative position of the adsorbed polyelectrolyte
layers, as well as proximity of atomic constituents of the nanoparticles.

* TFD James Harper Award Finalist



4:00pm TF-MoA7 Growth Ambient Dependent and Photoinduced
Reversible Wetting Property of Indium Oxide Nanowires, Kavita
Yadav, B.R. Mehta, J.P. Singh, Indian Institute of Technology Delhi, India
In recent years, production of materials with tunable wetting properties is of
immense interest. The extreme water repellent property of superhydrophibic
surfaces and complete water spreading on superhydrophilic surface allow
them to have considerable technical potential for various applications. The
wetting properties of the materials can be explained by their surface
chemistry and topographical structures.

In this report, we demonstrate that the growth ambient induced drastic
change in wetting properties of indium oxide (IO) nanowires. The 10
nanowires were synthesized by using chemical vapor deposition method
where Ar gas (200 sccm) was used as carrier gas. The deposition parameters
were calibrated in such a way to obtain nanowire morphology. Three
different ambient conditions were used for growth of 10 nanowires; (a) Ar
gas mixed with water vapors, (b) only Ar gas and (c) Ar gas mixed with
hydrogen gas (50 sccm) and keeping other deposition parameters constant.
The Scanning electron microscope (SEM) images confirm that all the three
samples have nanowires like morphology. The diameter and length of
nanowires ranges from 50 - 120 nm and 6 - 15 um. The contact angle
measurements were done on all the three samples. It is found that the
nanowires prepared in presence of Ar gas mixed with water vapors
(oxidising ambient) are superhydrophilic in nature with contact angle of 8°+
5% The 10 nanowires synthesized in presence of only Ar gas are
hydrophobic in nature with contact angle of 144° + 4° whereas the 10
nanowires synthesized in presence of Ar gas mixed with H, gas (reducing
ambient) are superhydrophobic in nature with contact angle of 168°+ 2°and
water droplet rolling downward with a roll-off angle of 3° over the
superhydrophobic surface. The mechanism behind the drastic change in
contact angle on IO nanowires prepared in different growth ambient is
examined by using photoluminescence (PL) and electron paramagnetic
resonance (EPR) measurements. The mechanism of change in wetting
properties of 10 nanowires has been proposed and can be attributed as on
the reduced surface where oxygen vacancy are more, only molecular water
is stable and absorb weekly. This is most likely because of the lack of
surface oxygen that could accept hydrogen from dissociated water or
decrease water dissociation probability and hence the surface is
superhydrophobic. Whereas the sample prepared in oxidizing ambient have
more surface oxygen and hence both molecular and dissociative adsorption
of water is possible results in superhydrophilic surface. The photoinduced
reversible wetting properties of 10 nanowires (sample b) are also studied.

4:20pm TF-MoA8 Ultralow Friction and Adhesion on Fluorinated
Covalently Surface-Bound Polymer Brushes, S. Pujari, N. Bhairamadgi,
Han Zuilhof, Wageningen University, Netherlands

For an ever increasing range of applications, such as in MEMS and NEMS,
highly stable surfaces with minimal adhesion and friction are desired. In the
current paper we present a method to achieve such polymer surfaces via a
combination of high-density attachment of surface-bound initiators on the
Si(111) surface followed by a surface-initiated ATRP reaction with a series
of fluorine-rich methacrylate monomer. Subsequently, the adhesion and
friction forces were determined using colloidal probe scanning force
microscopy. The resulting surfaces display the lowest adhesion force and
friction coefficient in air currently reported for any flat surface, which is for
example about 1 order of magnitude less than teflon, yet with an
appreciably higher chemical and mechanical stability. The presentation will
focus on preparation and characterization (both structural and tribological)
of these surface-bound polymer brushes, and outline the potential of such
minimally interacting surfaces.

4:40pm  TF-MoA9 Proton Conductive Crystalline Coatings by
Initiated Chemical Vapor Deposition, Anna Maria Coclite, C. Ranacher,
Graz University of Technology, Austria

Proton conductive copolymers of perfluorodecylacrylate (PFDA) and
methacrylic acid (MAA) are synthesized by initiated Chemical Vapor
Deposition (iCVD). The MAA provides the —COOH groups useful to
conduct protons, while the PFDA is responsible for creating the
hydrophobic backbone to stabilize the structure during tests in water. The
ultimate goal is to use these copolymers as proton exchange membranes in
fuel cells. Preliminary experiments have shown that proton conductivities in
the range of 70 mS/cm can be reached with these copolymers.' The aim of
the new research is to study the effect of preferred crystallographic
orientation on the proton conductivity and water / temperature stability of
the copolymers. Preferred crystallographic orientation (texture) in thin films
frequently has a strong effect on the properties of the materials and it is
important for stable surface properties. Poly-PFDA has a high tendency to
give organized molecular films. Crystalline poly-PFDA have been fully
obtained also by iCVD.> The degree of crystallinity and the preferred
orientation of the perfluoro side chains, either parallel or perpendicular to
the surface, can be controlled by tuning the CVD process parameters (i.e.
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initiator to monomer flow rate ratio, filament temperature, and substrate
temperature). Super-hydrophobicity (advancing water contact angle, WCA,
of 160°, low hysteresis of 5°), and oleophobicity (advancing CA with
mineral oil of 120°) were achieved.’ Low water contact angle hysteresis was
obtained with high crystallinity, particularly when the orientation of the
crystallites resulted in the perfluoro side groups being oriented parallel to
the surface. The latter texture resulted in smoother film (RMS roughness <
30 nm) than the texture with the chains oriented perpendicularly to the
surface. This can be very advantageous for our application that require
smooth but still crystalline films. When the PFDA is copolymerized with
MAA, the degree of crystallinity decreases and therefore also the stability in
water, but the proton conductivity increases due to the higher number of
acid groups embedded in the structure. A good trade-oftf has been obtained
when using 20% of MAA in the gas feed.

' A M. Coclite et al., Polymer, 2013, 54, 24-30
2 A. M. Coclite et al., Adv. Funct. Mater. 2012, 22, 2167-2176
3 A. M. Coclite et al., Adv. Mater. 2012, 24, 45344539

5:00pm TF-MoA10 Tailoring Polymeric Structures on Surfaces for
Lubrication, Nicholas Spencer, ETH Ziirich, Switzerland INVITED
Nature generally lubricates its tribosystems in water, using sugar chains for
lubricity, immobilized on a protein backbone that links them to the surface.
These glycoproteins function by being able to immobilize water near the
sliding surfaces. Man's attempts to mimic this behavior have involved end-
grafted, hydrophilic polymers, and much has been published on the use of
poly(ethylene glycol) (PEG) to this end. Man-made machines are more
challenging to lubricate than those in nature, since they generally involve
hard-hard contact, which nature usually avoids. PEG has been useful as a
model system for aqueous lubrication, but has certain inherent problems,
including a lack of stability. This presentation will therefore focus on "life
after PEG", covering alternative water-compatible, polymer-brush systems,
those created by grafting-from methods, and finally the extension of these
approaches into a non-aqueous environment: oil.

Vacuum Technology
Room: 303 - Session VT-MoA

Vacuum Measurement, Applications of UHV and
Ultraclean Processes

Moderator: Joe Becker, Kurt J. Lesker Company, Bob
Garcia, SAES Getters

2:00pm VT-MoAl A Capacitance Diaphragm Gauge with 10 mTorr
Full Scale, Martin Wiiest, INFICON Ltd., Liechtenstein, P. Bjorkman, J.
Bdckman, INFICON Ab, Finland

Etching of semiconductors chips is a complex process and there are critical
process steps that tend to go to lower pressures. At lower pressures
scattering at the residual gas is reduced which allows obtaining narrower
and deeper vias, important for three-dimensional chip structures. Many etch
process pressures today are around 1 Pa and use a 13.3 Pa full scale CDG in
the second measurement decade where accuracy is already lower. We use
ceramic technology to build pressure sensors that measure an elastic
deformation of a diaphragm under the feeble pressure forces while being
highly resistant to etch chemistries. Improvements to the manufacturing
process now allow us to manufacture thinner, highly elastic, leak tight
membranes. We now have developed a heated capacitance diaphragm gauge
with 1.33 Pa (10 mTorr) full scale. The low full scale is achieved by the
deflection of a thinner membrane and focus on noise reduction and not by
electronic amplification. We will present pertinent performance parameters.

2:20pm VT-MoA2 What if Saving Energy become Important on
Bayard Alpert Hot Ionization Gauges?, Simon Naef, INFICON Ltd.,
Liechtenstein

Hot ionization gauge have been on the market for decades and many
refinements have been made over the time. A lot of common knowledge
how to build a stable, sensitive, and accurate BA-gauge is recorded. How
about overall power consumption and the energy efficiency of hot ion
gauges? The topic of energy conservation has been neglected so far.

The saved energy per gauge is not essential, but on the global view the
power consumption can be reduced significantly. Even the high energy
consuming semiconductor industry tries to reduce their footstep, since 80%
of energy used in this industry is manufacturing and transportation.

How can that are achieved? Integration and miniaturization is way used in
the past. So there are many compact hot ion gauge designs available on the
market today, which use obviously less energy than larger full-size hot
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ionization systems. But what is drawback of going small and is worth going
small?

On one hand the heated cathode defines mainly the power consumption,
which is based on the electron emissivity of the surface material used and
the resistance of the used wire material. On the other hand the sensitivity of
BA-gauge is based on the geometry of the electrodes, which can be
correlated to the efficiency of the gauge. Is there any option with any
optimal compromise size?

3:40pm VT-MoA6 How to Create as Less as Possible to Make the Best
as Possible, Norbert Koster, TNO Technical Sciences, Netherlands

INVITED
The field of vacuum technology is rapidly becoming a full blown industry,
with parts and component suppliers, OEM manufacturers and end users
(IDM). The generation of vacuum is not the goal, but the means to realize
products and devices. Especially the semiconductor industry is one of the
driving forces in this development, but also large scientific projects like
ITER, Cern and others require a supply chain that can deliver parts that
meet the requirements and certification. The upcoming introduction of EUV
lithography required a change in the supply chain for manufacturers like
ASML with suppliers that had to deliver vacuum qualified assemblies
without any knowledge of vacuum technology.

The introduction of EUV also meant very complex vacuum systems that
could not be baked anymore but with cleanliness demands that superseded
the cleanliness that can be achieved with baked UHV systems. This was
achieved by a rigorous cleaning and qualification process, standardized
outgassing measurements and budgeting of all the parts and assemblies. To
make a distinction between ordinary type of vacuum system building and
this new way of making vacuum systems the phrase Ultra Clean Vacuum
(UCV) was introduced. This presentation will describe how we solved a
number of problems that occurred during this type of manufacturing, this
includes supply chain engineering, cleaning procedures and solutions in the
tool itself. This way of creating vacuum systems is now also being used by
other OEM’s like AMAT, KLA-Tencor who are building highly
complicated metrology tools and processing equipment, while vacuum
generation is not their core business.

4:20pm  VT-MoAS8 Study of Potential Particle Generation by Ion
Sources During EUV Mask Blank Deposition, Ivan Shchelkanov, A.M.
Lietz, J. Pachicano, University of Illinois at Urbana-Champaign, 4. Antohe,
P. Kearney, SEMATECH, D.N. Ruzic, University of Illinois at Urbana-
Champaign

We summarise the research accomplishments of the CPMI-SEMATECH
research project “Identification of possible defect sources and particle
characterisation from sources used in EUVL chambers for mask blank
manufacturing”. The main goal of the project is the determination of
nanoparticle production (100-350 nm in size) from the ion source currently
used for mask blank manufacturing in EUV lithography chambers at
SEMATECH. Combination of Volumetric Laser Scattering and Surface
Laser Scattering system, and Scanning Electron Microscopy (SEM) was
used to develop time resolved phenomenological model of nano-particle
generation inside vacuum chamber during ion beam source operation. In
this project a Veeco 3cm RF ion beam source with two molybdenum grids
and RF neutralizer was investigated. Stiletto Volumetric Laser Scattering
system developed by INFICON together with Surface Laser Scattering
system, developed at CPMI were used to detect nano-particles. This
combination of laser systems was able to detect particles with the size of
100 nm and bigger. Scanning Electron Microscopy was used to track
evolution of the ion source grids surface. SEM photos of the grids and
polished silicon wafers on the ion beam path were used to identify and
characterize nano-particles via size, shape and material. Nano-paticle
generation rate by the ion beam source was measured and recommendations
for the source operation are made.

4:40pm VT-MoA9 Particle Defect Reduction in EUV Mask Blank
Production Devices, Amanda Lietz, 1.A. Shchelkanov, University of
Illinois at Urbana-Champaign, 4. Hayes, Veeco Instruments, Inc., J.
Pachicano, S. Keniley, D.N. Ruzic, University of Illinois at Urbana-
Champaign

Extreme UltraViolet Lithography (EUVL) requires reflective mask blanks,
manufactured by ion beam sputtering a multilayer stack of thin films,
primarily Mo and Si, onto a mask substrate. At least 40 bilayers of Mo and
Si are necessary to produce a surface which has sufficient EUV light
reflectivity for use in high volume manufacturing exposure tools. When
contaminant particles deposit between these layers, the EUV light is
absorbed or scatters irregularly, rendering the mask blank unusable. One
possible source of such particles is bombardment of shields in the
deposition chamber by energetic particles scattered from the ion beam and
target and “overspill” of the tails of the ion beam off the edge of the target.
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Stainless steel shields are used to cover targets that are not in use and
prevent deposition or sputtering nearby surfaces and equipment. These
shields must be able to accept many successive layers of deposition without
flaking and forming particles of deposited material. They also must be able
to withstand ion beam overspill bombardment, while forming a minimal
amount of particles.

In order to evaluate improved shield materials and surface finishes, shield
samples of various treatments were placed under a broad angle ion beam
and particles were collected on a witness plate. The total number of
particles on the witness plates was quantified using laser scattering particle
detection which was capable of detecting particles greater than 125nm in
size. Etching treatments of the shields show an improvement from 13.0+.7
particles/mm2 (for untreated steel) to .022+.016 particles/mm?2 (for etched
steel). Shields of various materials and surface finishes were compared to
determine the lowest level of particle formation

5:00pm VT-MoAl0 VTD Early Career Award: Novel Vacuum
Processing of Thin-Film Photovoltaic Materials, Jason D. Myers*, J.A.
Frantz, R.Y. Bekele, V.Q. Nguyen, C.C. Baker, S.C. Erwin, N.D. Bassim,
U.S. Naval Research Laboratory, 4. Bruce, S.V. Frolov, Sunlight Photonics,
J.S. Sanghera, U.S. Naval Research Laboratory INVITED
In this presentation, two different avenues of research into thin film
photovoltaics will be discussed. The first part of the talk will be focused on
quaternary-sputtered Cu(In,Ga)Se2 (CIGS) thin film photovoltaic devices.
Current state-of-the-art CIGS devices are produced using a multistage
thermal coevaporation process that has resulted in laboratory efficiencies in
excess of 20%, but this process is difficult to implement at a commercial
scale. Our work has instead focused on developing a scalable deposition
technique using RF magnetron sputtering of quaternary CIGS. The resulting
films do not require post-selenization, reducing processing time and cost.
We have fabricated devices above 10% efficiency using this approach,
showing its promise as a production method for high-performance CIGS.

The second part of the talk will be focused on an emerging thin film
photovoltaic system, FeS2. Based on its favorable bandgap, high absorption
coefficient, and immense earth abundancy, FeS2 is a highly promising
material for grid-scale energy production. However, no successful thin-film
photovoltaic devices have been realized due to surface defect states that
arise due to the cubic pyrite structure, where sulfur atoms are differentially
bonded at the surface compared to the bulk; this leads to extremely low
open circuit voltages and poor diode characteristics. To solve this issue, we
are developing vacuum-deposited inorganic capping films to heal these
defects by providing bulk-like coordination at the FeS2 surface. FeS2 films
with ZnS capping layers show a significant decrease in surface state
character, an important step towards efficient FeS2 photovoltaics.

* VID Early Career Award
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2D Materials Focus Topic
Room: 310 - Session 2D+AS+BI+PS+SS-TuM

2D Materials: Surface Chemistry, Functionalization, Bio
and Sensor Applications
Moderator: Richard Osgood, Columbia University

8:00am 2D+AS+BI+PS+SS-TuM1 Phase Engineering in 2D Transition
Metal Dichalcogenides, Manish Chhowalla, Rutgers University INVITED
Two-dimensional transition metal dichalcogenides (2D TMDs) — whose
generalized formula is MX,, where M is a transition metal of groups 4-7
and X is a chalcogen — exhibit versatile chemistry and consist of a family
of over 40 compounds that range from complex metals to semiconductors to
insulator. Complex metal TMDs assume the 1T phase where the transition
metal atom coordination is octahedral. The 2H phase is stable in
semiconducting TMDs where the coordination of metal atoms is trigonal
prismatic. Unlike mechanical exfoliation and chemical vapor deposition,
chemical exfoliation of semiconducting layered TMDs yields monolayered
nanosheets with heterogeneous atomic structure consisting of metallic (1T)
and semiconducting (2H) phases. Metal (1T phase) to semiconductor (2H
phase) transition can be achieved via mild annealing of exfoliated materials.
Semiconductor to metal transitions can be achieved via chemistry. The 1T
phase in semiconducting TMDs has scarcely been studied but it deserves
urgent attention as it exhibits promise as a hydrogen evolution catalyst and
as contact electrode in electronic devices. We will describe these phase
transitions in semiconducting TMDs and provide examples of how we have
learned to exploit them for covalent functionalization, enhanced catalytic
and electronic performance.

8:40am 2D+AS+BI+PS+SS-TuM3 Transition Metal Nanoparticles on
Single-Layer MoS;: Structural, Electronic and Catalytic Properties,
Takat B. Rawal, D.T. Le, T.S. Rahman, University of Central Florida

We will present results of density functional theory based calculations of
the geometric and electronic structure of several types of sub-nanometer
sized transition metal nanoparticles (TMNPs) on pristine and defect-laden
single-layer MoS,. We will show that among the investigated TMNPs (Cu,
Ag, Au), Cu nanoparticles bind strongest to pristine MoS, while Au and Ag
nanoparticles bind with similar, weaker strengths. The presence of the
vacancy defect on MoS, enhances significantly the binding strength of Cu
nanoparticles, while it has very little effect on the binding strength of Au
NPs. More interestingly, the amounts of charge transfer from TMNPs to
MoS, vary following the order of the bind energies of TMNPs on MoS,.
Additionally, the shape of the nanoparticles also has an impact on the
binding characteristics. Of particular interest is the role of the substrate on
the catalytic properties of the TMNP and conversely that of the TMNP on
the defect-laden MoS, single layer. In this regard we will examine in detail
the reactivity of the atoms at the TMNP/MoS; interface in reactions such as
CO oxidation and methanol decomposition and compare them to that of
similar nanoparticles when supported on titania.

Work supported in part by DOE Grant No. DE-FG02-07ER 15842

9:00am  2D+AS+BI+PS+SS-TuM4  How Fluorination Enhances
Friction Forces for Graphene, Xin Liu, Q. Li, University of Pennsylvania,
S.P. Kim, Brown University, V.B. Shenoy, University of Pennsylvania, P.E.
Sheehan, J. Robinson, Naval Research Laboratory, R.W. Carpick,
University of Pennsylvania

The chemical functionalization of graphene can alter its electronic,
chemical, mechanical, and tribological properties. Here we employ atomic
force microscopy (AFM), Raman microscopy, and molecular dynamics
(MD) simulations to show that friction can be fine-tuned by chemically
modifying graphene. Although bulk fluorinated graphite has a very low
surface energy, our experiments and simulations both show that friction
between nanoscale tips and FG is up to 9 times higher than that for pristine
graphene. The ability to resolve an ordered lattice in atomic stick-slip
friction measurements also diminishes with greater fluorination, indicating
that the fluorinated graphene is disordered. Our observation suggests that
AFM friction measurements provide a sensitive local probe of the degree of
fluorination of graphene. Motivated by MD simulations, we propose that
the dramatic enhancement of friction results from increased corrugation of
the interfacial potential due to the strong local charge concentrated at
fluorine sites, consistent with the Prandtl-Tomlinson model.
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9:20am 2D+AS+BI+PS+SS-TuM5 Chemical, Structural and Electrical
Modification of Graphene, Sandra Herndndez, E.H. Lock, M. osofsky, S.
Tsoi, Naval Research Laboratory, C. Junkermeier, Penn State University, R.
Stine, Nova Research, J. Robinson, Naval Research Laboratory, 4. Nath,
George Mason University, V.D. Wheeler, R.L. Myers-Ward, J. Caldwell,
C.R. Tamanaha, T. Reinecke, P.E. Sheehan, D.K. Gaskill, S.G. Walton,
Naval Research Laboratory

2D nanomaterials have been vigorously investigated due to their superlative
mechanical, thermal, and electronic properties. Being composed entirely of
surface atoms, they are incredibly amenable to surface modification thus
providing the opportunity towards excellent control over their properties.
Surface engineering of 2D materials composed of carbon materials, such as
graphene, can be achieved by plasma modification. We will discuss our
efforts in understanding the chemical, structural, and electrical properties of
plasma functionalized graphene by introducing -oxygen, -fluorine, and -
nitrogen chemical moities, and discuss their impact on chemical reactivity,
electrical transport, and enhanced sensing behavior. Demonstrating how
precise nano-engineering of surface chemistry impacts contact engineering,
biosensing and device based applications.

This work is supported by the Naval Research Laboratory Base Program.

9:40am 2D+AS+BI+PS+SS-TuM6 The Mechanochemistry of
Chemically Modified Graphene, Jonathan Felts, S.C. Hernandez, A.J.
Opyer, J. Robinson, S.G. Walton, P.E. Sheehan, Naval Research Laboratory
Defining the optoelectronic properties of graphene through controlled
chemical functionalization provides a route to fabricating a wide range of
graphene based devices. In prior work, we showed that heat supplied by a
scanning probe removed functional groups from chemically modified
graphene (CMG) thereby restoring it to graphene [1]. Here we show that
mechanical stress alone effectively removes functional groups. We
measured the degree of surface functionalization by monitoring both normal
load and friction between the sliding tip and a plasma processed CMG
sheet. For oxygenated graphene, friction decayed exponentially with sliding
distance, dropping to ~15% of the starting value. These measurements
revealed an initial drop in friction that was independent of applied stress,
suggesting the presence of an adsorbed water layer on the surface. More
importantly, they reveal an Arrhenius-like relationship between contact
stress and degree of surface reduction. The reduction in friction persisted,
precluding the presence of the adsorbed contaminants as the source of the
friction change. Conductive AFM and Raman measurements provide further
evidence for chemical reduction. Conductive diamond AFM tips measure
the current through the surface during the reduction process, revealing a 5x
increase in conductivity corresponding to the friction force reduction.
Additionally, Raman measurements on a 5 mm’® reduced area showed a
relative increase in both the G and 2D peaks, consistent with a reduction in
functionalization. These experiments enabled detailed comparison of
tribochemical reactions without the complications of transfer films or the
initial run-in of the film. They also enable experiments difficult by other
means. For instance we could directly compare the mechanical barrier to
functional group removal by monitoring friction while slowly ramping the
applied stress between the tip and a graphene surface functionalized with
either oxygen or fluorine groups. For oxygenated graphene, the contact
stress at the maximum reduction rate was ~0.47 &+ 0.14 GPa; for fluorinated
graphene it was ~0.85 + 0.27 GPa. Thus, by using the same tip and same
supporting substrate we could directly compare the bond strengths between
different functional groups and the graphene lattice. This work
demonstrates the ability to measure and control the chemistry of single-
layer functionalized surfaces at the nanometer scale, and has wide
application in tribochemical wear, mechanochemistry, and nanoelectronic
device fabrication with chemically tuned optoelectronic properties.

[1]1Z. Wei, et al, Science 328, 1373-1376 (2010)

11:00am 2D+AS+BI+PS+SS-TuM10 Fe-catalyzed Etching of
Graphene, Few-Layer Graphene, and Graphite, Guangjun Cheng, A.R.
Hight Walker, National Institute of Standards and Technology

Mechanically exfoliating graphite onto a substrate provides a family of
layered materials with adjustable thickness, including monolayer graphene,
few-layer graphene (FLG), and graphite. In this work, we investigated the
Fe-catalyzed etching of graphene, FLG, and graphite in forming gas (10%
H»/90% N,) or N, using low-voltage scanning electron microscopy and
Raman spectroscopy. Fe thin films were deposited by sputtering onto
mechanically exfoliated graphene,