Sunday Afternoon, October 30, 2011

Biomaterials Plenary Session
Room: 108 - Session BP-SuA

Challenges in Biomaterials Analysis
Moderator: L. Gamble, University of Washington

3:00pm BP-SuAl Wants, Needs, and Challenges in Biomedical Surface
Analysis, D.G. Castner, University of Washington INVITED
Biomedical surface analysis has undergone significant and numerous
advances in the past 30 years in terms of improved instrumentation,
introduction of new techniques, development of sophisticated data analysis
methods, and the increasing complexity of samples analyzed.
Comprehensive analysis of surfaces and surface immobilized biomolecules
(peptides, proteins, DNA, etc.) with modern surface analysis
instrumentation provides an unprecedented level of detail about the
immobilization process and the structure of the immobilized biomolecules.
Results from x-ray photoelectron spectroscopy (XPS or ESCA), time-of-
flight secondary ion mass spectrometry (ToF-SIMS), near edge x-ray
absorption fine structure (NEXAFS), surface plasmon resonance (SPR)
biosensing, atomic force microscopy, and sum frequency generation (SFG)
vibrational spectroscopy provide important information about the
attachment, orientation, conformation, etc. of biomolecules. However, even
with the advances that have been achieved with these powerful surface
analysis techniques, there still remains many significant challenges for
biomedical surface analysis. These include characterizing the surface
chemistry and structure of nanoparticles, determining the structure of
protein bound to surfaces, and maintaining biomolecules and materials in a
biological relevant state when using ultra-high vacuum based analysis
techniques.

This talk will discuss the current challenges in biomedical surface analysis
and what is being done to address them. Also discussed will be the role of
well-defined standards to develop new biomedical surface analysis methods
for characterizing more complex, biological relevant samples.

3:40pm BP-SuA3 Depth Profiling and 3D Analysis of Organic
Surfaces, A.G. Shard, National Physical Laboratory, UK INVITED
Cluster ion impacts have been shown to sputter organic materials, whilst
imparting low levels of damage to the freshly exposed surface. When
coupled with a surface analytical technique, such as SIMS or XPS, it is
possible to generate depth profiles with truly molecular information.
Concurrent 2D  spectroscopic imagingenables a three dimensional
reconstruction of molecular distributions. This offers enormous potential for
the label-free and multiplexed imaging of biological materials and medical
devices.

The mechanism of cluster ion beam sputtering has been established over the
past ten years and the most important factor that permits organic depth
profiling is the large sputtering yield of organic material following a cluster
ion impact. This is typically of the order of 100 nm’ of material per
individual impact. However it has been shown that, for many materials, the
sputtering yield changes as the cluster ion dose increases and therefore the
interpretation of organic depth profiling data is, in general, not trivial.
Additionally, this change in sputtering yield is often associated with sputter-
induced roughening with a concurrent degradation of depth resolution.
Recently, there has been a growing emphasis on the development of
methods by which a wider range of materials can be depth profiled and a
constant sputtering yield maintained. The most significant advances have
been the use of sample cooling, low ion beam incidence angles and sample
rotation. Large argon clusters appear to offer significant improvements over
traditional cluster beams, such as Cgin these regards.

The reliability of organic depth profiling was tested recently in two
VAMAS interlaboratory studies. Results from these studies highlight the
rapid developments that have recently been made. The application of this
technique to medical devices and biological materials will be reviewed and
the remaining challenges described.

4:20pm BP-SuA5 Nanoscale Surface Analysis of Living Cells using
Atomic Force Microscopy, Y.F. Dufirene, Université catholique de
Louvain, Belgium INVITED
The emerging new field of “live-cell nanoscopy” has revolutionized the way
biologists explore the living cell to molecular resolution. Whereas far-field
fluorescence nanoscopy enables to study the nanoscale localization and
dynamics of biomolecules in cells, recent developments in atomic force
microscopy (AFM) techniques offer unprecedented opportunities for
imaging the supramolecular organization of cell surfaces, and for probing

the functional properties and interactions of their molecular machineries. In
the past few years, AFM-based nanoscopy has enabled key breakthroughs
in cell biology, including deciphering the nanoscale architecture of cell
surfaces and their remodelling upon changing the cells functional state,
understanding cellular mechanics and its functional implications,
quantifying cell adhesion forces contributing to processes like tissue
development and bacterial infection, unravelling the molecular elasticity of
cellular proteins such as sensors and adhesion molecules, and elucidating
how cells reassemble membrane receptors into nanodomains and modulate
their functional state. In this talk, I will provide a survey of the recent work
we have done using the AFM multifunctional toolbox, emphasizing its
potential for understanding cell surface properties and interactions on the
nanoscale.
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Nat. Chem. Biol., 5 (2009), 857-862.

Nat. Commun., 1:27 (2010).
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5:00pm  BP-SuA7 AVS 2011 Biointerphases Lecture - Tissue
Engineering and Surface Science: 2D to 3D, Dry to Wet, Dead to Living
and the Challenges to the Instrumentation, B.D. Ratner*, University of
Washington Engineered Biomaterials INVITED
The biointerface and related surface science ideas have had profound impact
on biomaterials science since at least the 1960’s. In the 21% century there is
much discussion of tissue engineering, clearly a “3-D” phenomenon. This
talk will review some history of the biointerface, illustrate modern trends,
and show how biointerface ideas can be applied to tissue engineering and 3-
D scaffolds. Techniques such as electron spectroscopy for chemical analysis
(ESCA) and secondary ion mass spectrometry (SIMS) will be featured.
SIMS has proven to be powerful for cell identification in culture dishes and
for the analysis of decellularized extracellular matrix scaffolds. SIMS also
provides much information on synthetic scaffold materials. There are now
profound challenges in interpretation of complex spectra and in gleaning
useful, biomedically relevant information from complex data sets. Finally,
this talk will discuss healing, biointegration and regeneration, particularly in
the context of new scaffolds made by a sphere-templating process.

* AVS 2011 Biointerphases Lecture
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Applied Surface Science Division
Room: 102 - Session AS-MoM

Quantitative Surface Chemical Analysis and Technique
Development - Part 1
Moderator: 1.S. Gilmore, National Physical Laboratory, UK

8:20am AS-MoM1 Characterization of Nano-structures from Analysis
of the XPS Background: Automation and 3D-imaging, S. Tougaard,
University of Southern Denmark INVITED
The XPS peak intensity and its background of inelastically scattered
electrons varies strongly with the depth distribution of atoms. This
phenomenon is the basis for a widely used method for nano-structure
analysis.! With the rapid increase in the application of XPS, there is a
growing need for automated XPS analysis. To meet this demand, a modified
simpler and less accurate algorithm, which however is suitable for
automation was developed.” For each XPS peak, this algorithm determines
just two numbers: the total amount of atoms within the outermost ~ 10 nm
and the approximate depth of the atoms. The validity of the algorithm was
demonstrated experimentally by comparison to more elaborate
quantification methods.” The algorithm is thus of interest for automated
XPS analysis. Another application of the algorithm is in XPS imaging,
where thousands of spectra must be analyzed. Here automatic data-handling
procedures are crucial. Software that can automatically analyze thousands
of spectra corresponding to the situation in XPS imaging is now being
developed. The method produces nondestructively a 3-D image of the
surface with nanometer depth resolution. The practical applicability of this
to XPS imaging was recently demonstrated.**

In ref 3 the algorithms ability to produce images of Ag taken from a series
of samples with increasing thicknesses of plasma patterned Octadiene (2, 4,
6 and 8nm) on Ag substrates was demonstrated. The obtained images of the
amount of Ag atoms in the outermost few nano-meters were in good
agreement with the nominal thicknesses. Produced images of atoms at
different depths clearly proved the potentials of the method for quantitative
and nondestructive 3-D characterization of nano-structures. Spectral noise is
a major limitation in imaging because the time allowed to acquire the
spectrum at each pixel is typically ~1 sec. Different procedures for noise
reduction were studied in ref* and principal component analysis (PCA) was
found to significantly improve the 3D images of a thermally patterned
oxidized silicon where detailed 3-D images of the Si, O, and C atoms were
determined on the nano-meter depth scale.

In the talk we will summarize the technique and discuss its limitations and
potentials for both automation of conventional XPS data analysis and for
3D XPS imaging.

'S. Tougaard, Surf. Interf. Anal. 26 (1998) 249
?'S. Tougaard, J. Vac. Sci. Technol., A21 (2003) 1081; A23(2005) 741

3s. Hajati, S. Coultas, C. Blomfield and S. Tougaard, Surf. Interf. Anal. 40
(2008) 688

4 S. Hajati, . Walton, N. Fairley, and S. Tougaard, Surf. Sci. 602 (2008)
3064

9:00am AS-MoM3 Characterization of Model Gradient Inorganic
Thin Films with XPS Spectral Modeling, L. Lohstreter, Medtronic, Inc,
R. Sanderson, J. Dahn, Dalhousie University, Canada

Information about the layer structure of surfaces at the angstrom level can
be probed through X-ray Photoelectron Spectroscopy (XPS) by analyzing
the structure of the entire spectrum, including the inelastic background.
Model samples were prepared through a unique magnetron sputtering
system to create thin film gradients ranging from two angstroms to
hundreds of angstroms thick across a distance of seven centimeters. The
system studied consisted of a titania wedge on a gold substrate. The samples
were characterized using Variable Angle Spectroscopic Ellipsometry
(VASE) to measure the thickness of the wedge along the sample at many
points along the gradient. The thickness values from the XPS and VASE
modeling were shown to have excellent linearity from two angstroms until
the XPS photoelectron peak was extinguished. The effective attenuation
lengths of the titania at the kinetic energies of the various gold
photoelectron peaks were also measured and compared to theoretical values
for inelastic mean free path. The values were within 29% of each other.
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9:20am  AS-MoM4  Corrections for Backscattering Effects in
Quantitative Auger Analyses, 4. Jablonski, Polish Academy of Sciences,
Poland, C.J. Powell, National Institute of Standards and Technology

The backscattering factor (BF) has long been recognized as an important
matrix-correction factor for quantitative AES. The BF definition
(“fractional increase in the Auger current due to backscattered electrons”
[1]) has been shown to be unsatisfactory since the “fractional increase” can
be negative at low primary energies and more grazing-incidence of the
primary electrons [2]. ISO/TC 201 is considering the definition of a new
term, the backscattering correction factor (BCF), as a “factor equal to the
ratio of the total Auger-electron current arising from ionizations in the
sample caused by both the primary electrons and the backscattered electrons
to the Auger-electron current arising directly from the primary electrons.”
NIST recently released a new BCF Database [3] for AES. This database
provides BCFs from Monte Carlo simulations for two models, a simplified
model based on the previous BF definition which is relatively rapid and an
advanced model based on the proposed BCF definition which is more
accurate but slower. BCFs can be determined for a solid of arbitrary
composition, a user-specified instrumental configuration, and primary
energies up to 30 keV.

Examples will be given of the dependence of the BCF for Pd M;sNusNys
Auger electrons on various instrumental conditions (primary energy,
primary-beam angle of incidence (6,), and analyzer acceptance solid angle)
[4]. BCFs calculated from the advanced model of electron transport in the
surface region of the Pd sample varied weakly with analyzer half-cone
angle for 6p = 0° but more strongly for 6, = 80° where there were BCF
differences varying between 19% at a primary energy of 1 keV and 6% at a
primary energy of 5 keV. These BCF differences are due partly to variations
of the density of inner-shell ionizations within the information depth for the
detected Auger electrons. The latter variations are responsible for
differences larger than 10% between BCFs from the widely used simplified
BCF model and those from the more accurate advanced model for primary
energies less than about 5 keV for 6, = 80°. These and other BCF
differences indicate that the simplified model can provide only approximate
BCF values. In addition, the simplified model does not provide any BCF
dependence on Auger-electron emission angle or analyzer acceptance angle.
Comparisons will also be made with measured BCFs for elemental solids.

[11 ASTM E 673-03, “Standard Terminology Relating to Surface Analysis,”
in Annual Book of ASTM Standards, Vol. 3.06, 2010, p. 655.

[2] A. Jablonski, Surf. Science 499, 219 (2002).
[3] http://www.nist.gov/srd/nist154.cfm .
[4] A. Jablonski and C. J. Powell, Surf. Science 604, 1928 (2010).

9:40am AS-MoMS Effect of Monochromator X-ray Bragg Reflection
on Photoelectric Cross Section, A. Herrera-Gomez, CINVESTAV-Unidad
Queretaro, Mexico

The photoelectric differential cross section plays a fundamental role for
assessing the relative concentration of the various elements present within
the XPS probing depth. Accounting for the different issues affecting the
cross section is paramount not only for quantitative chemical studies
(including angle-resolved XPS) but also for a proper comparison between
the results obtained with different XPS tools, or in the same tool but with
different X-ray sources. In XPS experiments employing monochromatized
light, the X-ray Bragg reflection undergone by the beam at the
monochromator crystal causes a partial polarization of the X-rays. The
photoelectric cross section is affected since it depends on the angle between
the electric field vector and the direction of the escaping electrons. An
expression for the photoelectric differential cross section is presented that
accounts for the effect of the monochromator and of the geometrical
configuration of the XPS tool. The correction is as large as 9% for s-orbitals
and reduces to up to 5% for orbitals with f ~ 1. The differences are directly
related to the beta factor within the dipole approximation, which is the first
order treatment of photoemission; i.e., they are not due to higher order
quadruple terms.

10:00am AS-MoM6 An XPS Investigation of CdS Based Photoresistor
During Operation, S. Suzer, H. Sezen, Bilkent University, Turkey

We have recently developed a technique for recording the shifts in the
positions of the XPS peaks in response to different waveforms of electrical
and/or optical stimuli for probing the dynamics of the developed electrical
potentials originating from intrinsic or extrinsic (like doping) properties of
semiconductive materials such as charging/discharging, photoconductivity,
surface photovoltage, band-bending/flatting/inversion, etc."® We have also
shown that fast data acquisition (in the snapshot mode) and laterally spatial
resolved XPS analysis (an area mapping mode) helps us to compare and



align extracted electrical behaviors and chemical information from the
sample. For a better understanding of a realistic performance (or failure) of
a device during operation, we have extended our measurements to a CdS
based photoresistor, where we have mapped the position of the Cd3d peak
over an area of 5 mm x Smm while the device is under operation without
and under photoillumination. This method allows us to detect defects and
malfunctioning sites/domains. We will present our methodology with
experimental results and an electrical circuit model.

(1) Sezen H., Suzer, S. Surface Science, 2010, 604, L59.

(2) Suzer, S., Sezen, H., Ertas, G., Dana, A. Journal of Electron
Spectroscopy and Related Phenomena 2010, 176, 52.

(3) Sezen, H., Ertas, G., Suzer, S. Journal of Electron Spectroscopy and
Related Phenomena, 2010, 178-9, 373.

(4) Sezen H., Suzer, S. Journal of Vacuum Science and Technology A,
2010, 28, 639.

(5) Sezen, H., Ozbay, E., Aktas, O., Suzer, S. Applied Physics Letters 2011,
98, 111901.

(6) Sezen, H., Suzer, S. Journal of Spectroscopy and Dynamics (in press).

10:40am AS-MoM8 Coronene Ion Bombardment Effects in the
Quantitative Analysis of Polymeric Materials by XPS, G.E. Hammer,
L.J. Gamble, D.G. Castner, University of Washington

XPS has long been a primary technique for the analysis of material surfaces,
providing quantitative analysis of elemental atomic concentrations and
chemical bonding states. When combined with ion sputter etching, it has
provided a similar level of detail in depth profiling of metals,
semiconductors, and inorganic compounds; however, the damage produced
by ion bombardment precluded the depth profiling of organic and polymeric
specimens. More recently it has been shown that sputter etching by carbon
cluster ions significantly reduces the apparent damage to such materials,
presumably the result of a combination of a reduced damage layer thickness
and efficient removal of the damaged material. In this work we have used a
coronene (C,4H},") ion source to sputter etch a series of organic compounds
and polymers, including trehalose, poly(amide), poly(glycolic acid),
poly(lactic acid), poly(ethylene glycol), poly(methyl methacrylate),
poly(acrylonitrile), poly(ethylene terephalate), poly(vinyl chloride), and
poly(tetrafluoroethylene). Specimens were sputtered to a steady-state
condition and analyzed by XPS. Elemental composition and chemical
bonding were compared to the original surface and the theoretical values.
These data will be used to refine our understanding of cluster ion
bombardment effects in polymers, and to interpret data from the analysis of
future materials and devices.

11:00am AS-MoM9 Using A C60 Ion Source For Routine Surface
Chemical Analyses, W. Stickle, M.D. Johnson, D.K. Bilich, HP ADL
Corvallis, C. Knutson, W. Wang, W. Cowell, Oregon State University

C60" ion sources are becoming one of the routinely used tools in the surface
chemical analysis laboratory. While finding early acceptance and utility in
the TOF SIMS community because of its direct applicability to organic
systems, the C60 ion source is now a standard option for photoelectron
spectroscopy tools. Routine use of this ion source requires characterization
and understanding of the surface that is being created during the ion milling
process. Such characterizations include the shape and roughness of the
resulting surface, changes in chemistry of the surface created by the ion
milling process and changes in the mechanical characteristics of the surface
that might influence the interpretation of the surface analytical results. Full
characterization requires the preparation of standards and also validation of
the measurements. The characterization of the application of the C60 ion
source for a variety of common polymers such as PMMA, SU8 and
polycarbonate are discussed. Further, anticipating the examination of mixed
mode systems, the application of the C60" source for the characterization of
inorganic materials such as titania, hafnia and alumina multilayered
structures as well as metal-metal oxide layered structures is presented where
sputter induced chemistry from the C60" source is observed.

11:20am AS-MoM10 Large Area Quantitative XPS Imaging for Small
Feature Compositional Screening, S.J. Coultas, C.J. Blomfield, S.J.
Hutton, A.J. Roberts, Kratos Analytical Ltd, UK, D.J. Surman, Kratos
Analytical Inc.

Many technologically important devices require nanometre level chemical
characterisation over areas of several square mm, or even cm, for
applications such as coating continuity and integrity or contamination
monitoring.

The traditional approach when employing XPS for this application has been
to acquire a number of small area spectra at different points. The advent of
quantitative parallel XPS imaging introduced the possibility of faster

acquisition times and higher spatial resolution than the traditional small
XPS probe approach.

Here we present an alternative approach whereby multiple features are
simultaneously analysed over a large area using XPS imaging. Acquisition
conditions and post acquisition data treatment to optimise this approach on
a range of samples will be discussed

This approach provides both a faster and more easily interpreted graphical
method for multiple feature analysis.

We present examples of this approach on a variety of samples.

11:40am AS-MoM11 A New Type of Detector for Dynamic XPS
Measurements, K. Winkler, P. Baumann, B. Kroemker, G. Pruemper, A.
Feltz, Omicron NanoTechnology, Taunusstein, Germany

Real time observation of fast processes occurring in a time window of a few
milliseconds to a few minutes have been always difficult to observe by x-
ray excited photoemission (XPS) studies under laboratory conditions.
However the demand to understand the chemistry of surface processes e.g.
during heating processes, electro migration and diffusion is of high
relevance in various research fields.

In this contribution we will report on first results of a new multi-anode
detector concept with 128 individual anodes, preamplifiers and counters. It
has the capability to allow for quantitative XPS studies on fast time scales
with good signal to noise ratio excited with a monochromated Al Ka
laboratory source. The detector can be operated in snapshot XPS mode.
This mode allows recording an energy window in the spectrum versus time
with high repetition-rates and good energy resolution, e.g. a 15 eV
detectable energy window with an approximate energy resolution of 0.5 eV.

As an early application we report on results of removing an in-situ grown
SiO2layer on a Si substrate. The measurement was made during a sample
temperature ramp from 600 to 900 degree Celsius within a time frame of
one hour. The target of the experiment was to analyze the time window in
which the oxide was removed.

Snapshot spectra have been recorded with an acquisition time of 0.5
seconds per spectrum to follow the evolution of the subcomponents Si4+ to
SiOduring the heating process of the Silicon. The snapshot series with
>5000 spectra shows the evolution of the peak versus time. The complete
removal of the oxide occurred at a very small temperature window around
850°C. A closer look into the data revealed that the removal of the oxide
from the silicon took place in about 2.5 minutes. Within this transition time
300 spectra have been recorded.

Biomaterial Interfaces Division
Room: 108 - Session BI-MoM

Biomolecules at Interfaces
Moderator: A. Rosenhahn, Karlsruhe Institute of
Technology, Germany

8:20am BI-MoM1 Cell Instructive Biomaterials by Non-Equilibrium
Self-Assembly, R.V. Uljin, V. Jayawarna, S. Roy, M.J. Dalby, The
University of Strathclyde, UK, S.L. McArthur, Swinburne University of
Technology, Australia INVITED
Peptides are highly versatile building blocks for the production of
supramolecular gels which mimick certain properties of biological systems
but with minimal complexity. These gels may be ideally suited to interface
synthetic systems with biology, and as such have attracted much interest in
a range of areas including health care and energy related technologies. We
have developed versatile gelator systems based on aromatic peptide
amphiphiles, which self-assemble via a unique mechanism involving 7w-
interlocked B-sheets. These systems display highly tunable supramolecular
functionalities, giving rise to materials with controlled mechanical
properties, nanotopography and bioactive properties. We will show that
these properties can be controlled by exploiting non-equilibrium self-
assembly which may involve the use of biocatalysts to control the self-
assembly process. We will discuss progress in fundamental understanding
of these systems as well as applications as matrices for stem cell
differentiation.

References:

Nature Chemistry, 2010, 2, 1089-1094..; Chem. Soc. Rev. 2010, 39, 3351-
3357.; Nanoscale, 2010, 2, 960-966.; Chemical Communications, 2010, 46,

Monday Morning, October 31, 2011



3481-3483.; Nature Nanotechnology, 2009, 4, 19-24.; Langmuir, 2009, 25,
9447-9453.; Faraday Discussions, 2009, 143, 293-303.; Langmuir, 2009,
25, 7533-7539.; Acta Biomaterialia, 2009, 5, 934-943.; Biomaterials, 2009,
30, 2523-2530.; Soft Matter, 2009, 5, 1728-1734.; Small, 2009, 5, 587-590.;
Adv. Mater., 2008, 20, 37-41.; Small, 2008, 4, 279-287.

9:00am BI-MoM3 Lipid Vesicle Fusion for Studies of Cell Functions,
L. Simonsson, A. Gunnarsson, M. Kurczy, P. Jonsson, AS. Cans, F. Hook,
Chalmers University of Technology, Sweden

Fusion of lipid vesicles and cells is a natural process which takes place in
eukaryotic cells. It is a vital process, since it enables cells’ communication
with the outside, both via vesicle content release and through delivery of
e.g. membrane proteins to the outer cell membrane. Exocytosis is still not
fully understood and although attempts have been done to deliver
membrane constituents to supported lipid bilayers, improvement in e.g.
efficiency remains. In order to gain a deeper understanding of the
mechanism of membrane fusion as well as improve the delivery of arbitrary
membrane constituents including complete cell membrane fragments, to
supported lipid bilayers, we have in this work developed two novel and
powerful techniques.

To mimic exocytosis, we use giant unilamellar vesicles (GUVs) as a model
of the cell membrane, cholesterol-DNA[1-3] as a mimic of the SNARE-
proteins and small unilamellar lipid vesicles filled with easily oxidized
catechol to represent the cellular vesicles. We probe the fusion process
using a carbon fiber electrode, detecting the released catechol. By building
this advanced but yet controllable model system of exocytosis, we believe
that a wide range of studies can be made in order to decipher the process of
exocytosis. Future applications are delivery of e.g. membrane proteins to
GUVs, as well as for vesicular drug delivery to cells.

In order to deliver membrane constituents to SLBs, we use a controlled bulk
flow through a microfluidic channel to move the front edge of a supported
lipid bilayer and fuse it with vesicles adsorbed in front of it. The membrane
constituents of the adsorbed vesicles are efficiently incorporated into the
supported lipid bilayer and can be manipulated in 2D (accumulated and
separated) by again using the bulk flow. We show that this method is
perfectly compatible with cell membrane fragments derived directly from
3T3 fibroblast cells[4]. The method enables studies of e.g. receptor-ligand
interactions as well as membrane protein separation in a native
environment.

Simonsson et al., ChemPhysChem, (2010)
Stengel et al., J. Am. Chem. Soc., (2007)
Stengel et al. J. Phys. Chem. B, (2008)
Simonsson et al., Submitted

9:20am BI-MoM4 Watching Biomineralization at Work: The Specific
Interactions of Statherin with Hydroxyapatite Surfaces Probed at the
Molecular Level, T. Weidner, M. Dubey, K. Li, J. Ash, J.E. Baio,
University of Washington, C. Jaye, D.A. Fischer, National Institute of
Standards and Technology, G.P. Drobny, D.G. Castner, University of
Washington

Biomineralization proteins act as nature's crystal engineers and adsorb onto
crystal surfaces with high binding affinity and precision using specific
substrate-surface binding motifs. Owing to the importance of the underlying
physiological processes and a general interest in biomineralization
mechanisms, the binding of regulatory proteins has attracted significant
interest. We have studied statherin, which regulates the growth of
hydroxyapatite (HAP) in bone and tooth enamel and prevents the buildup of
excess HAP by inhibiting spontaneous calcium phosphate growth. A
detailed understanding of the underlying molecular recognition mechanisms
would help bioengineers and scientists to devise new biomimetic
approaches for clinical applications and biomineral nanofabrication. Sum
frequency generation (SFG) spectroscopy can probe protein orientation and
secondary structure at the solid-liquid interface and we have recently shown
it can address specific protein regions with atomic resolution when
combined with isotopic labeling and solid state NMR (ssNMR) data.(1) We
have combined both techniques with near edge X-ray absorption fine
structure (NEXAFS) spectroscopy to characterize the structure of the
binding domain of statherin, SN-15, on HAP. Protein adsorption was
verified using XPS and ToF-SIMS. NEXAFS N K-edge spectra clearly
show that hydrogen bonding is important for the binding of both peptides.
SFG confirmed an a-helical secondary structure of SN-15 on HAP with the
helix axis parallel to the surface. Deuteration was used to specifically probe
the orientations of all hydrophobic side chains (leucine, isoleucine,
phenylalanine) with SFG in situ. The leucine chain was tilted 120° from the
surface normal (pointing towards the surface) and isoleucine was tilted 5°
from the surface normal. We also employed fluorine labels to probe
individual phenylalanine rings with NEXAFS spectroscopy. Measurements
of ring orientations in combination with ssNMR surface distance and
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rotamer dynamics data allowed us to develop a clear picture of the side
chain structure.

1. Weidner T, Breen NF, Li K, Drobny GP, & Castner DG (2010) A Sum
Frequency Generation and Solid-State NMR Study of the Structure,
Orientation and Dynamics of Polystyrene-Adsorbed Peptides. Proc. Natl.
Acad. Sci. U. S. A. 107:13288-13293.

9:40am BI-MoMS5 ECM Ordering Effects as a Marker for Early
Tissue Formation on Artificial Substrates - A Sum-Frequency-
Generation Spectroscopy Study, M.-O. Diesner, P. Koelsch, Karlsruhe
Institute of Technology (KIT), University of Heidelberg, Germany

The in situ monitoring of the interphase between a substrate and a cellular
layer is of great interest as it allows determination of changes in surface
properties and extracellular matrix (ECM) organization. The latter is an
early indicator of major cellular processes like migration, adhesion,
proliferation, metastasis, tissue formation, and gain or loss of differentiation
occurring. Typically, ECM studies of adherent cells involve labeling and
fixing cell samples, which may result in their disruption and in the loss of
valuable information. In addition, the weak signal-to-noise ratio of
fluorescent probes limits the probing capabilities at early stages of cell
adhesion.

Recent work from our group has shown that sum-frequency-generation
(SFG) spectroscopy can be used to interrogate the ordering of the ECM
beneath adherent cells on an artificial substrate during these early stages.'”
It turns out that SFG spectroscopy is suitable to probe the layer in between a
solid substrate and living cells and that the information which can be
obtained on such systems are twofold: first, changes of the surface coating
can be investigated in real-time and in vitro on a molecular scale while cells
adhere to it. Secondly, SFG spectroscopy is suitable for the determination of
ordering parameters within the ECM without the need for labeling and
processing.

In this contribution we will report on ordering phenomena occurring at early
stages of rat and mouse embryonic fibroblasts adhesion on Au-coated Si
wafers. Several phases observed during the adhesion process will be
discussed and the results obtained by nonlinear optical spectroscopy will be
correlated to classical tools including Western blot analysis of ECM
constituents, fluorescent probes, and genetic screens blocking the formation
of fibrils.

References

[1] M.-O. Diesner, C. Howell, V. Kurz, D. Verreault, and P. Koelsch. In
vitro characterization of surface properties through living cells. J Phys
Chem Lett, 1:2339—- 2342, 2010.

[2] C. Howell, M.-O. Diesner, M. Grunze, and P. Koelsch. Probing the
extracellular matrix with  sum-frequency-generation  spectroscopy.
Langmuir, 24:13819-13821, 2008.

10:00am BI-MoMé6 Structure and Function of von Willebrand Factor
on Synthetic Surfaces and Collagen, E. Hillenmeyer, O. Yakovenko, R.
Penkala, W. Thomas, D.G. Castner, University of Washington

von Willebrand Factor (VWF) is a soluble clotting protein responsible for
binding platelets through the glycoprotein 1b platelet receptor. VWF can
become activated and bind platelets when bound to collagen in an injured
blood vessel or under increased shear.

VWF can also bind platelets when adsorbed to synthetic surfaces,
specifically biomaterials. There is evidence that surface characteristics
influence VWF adsorption. Previous AFM studies of VWF adsorbed to
hydrophilic (mica) and hydrophobic (octadecyltrichlorosilane modified
glass) surfaces showed differences in adsorbed topography'. However,
studies were not performed to relate adsorption differences to VWF
function.

Previous studies in our lab have shown differences in function and structure
of the platelet binding domain of VWF (A1 domain) when adsorbed to three
surfaces: polystyrene (PS), tissue culture polystyrene (TCPS), and glass,
with Al most active when adsorbed onto PS. Al function was tested by
measuring platelet binding under flow. Al surface structure was
investigated using time of flight secondary ion mass spectrometry (ToF-
SIMS) and binding of conformation-dependent antibodies in ELISA assays.

In the work presented here, we have used surface analysis techniques to
obtain greater detail about structural differences of the VWF Al domain
adsorbed onto synthetic surfaces. We used near-edge x-ray adsorption fine
structure (NEXAFS) to examine the amide backbone, corresponding to the
pi* feature of the nitrogen edge NEXAFS spectrum. Differences were
observed in the angle dependence of the spectra when Al was adsorbed
onto PS, TCPS, and glass, indicating significant structural differences in the
protein when adsorbed onto different surfaces. Sum Frequency Generation
(SFG) was also used to probe the structure of the amide backbone using
amide I spectra.



In addition to examining VWF on synthetic surfaces, we have used ToF-
SIMS to obtain structural information about Al bound to collagen, as
occurs during in vivo injury. Principal component analysis of ToF-SIMS
data showed differences between Al bound to collagen and Al adsorbed
directly onto polystyrene. This suggests that Al adopts different
conformations on the natural versus synthetic substrates, potentially leading
to different mechanisms of activation.

In this work, we use surface analysis tools to increase our understanding of
VWEF behavior, both on synthetic surfaces and in complex, layered protein
systems. Increasing our fundamental knowledge of VWF can improve our
understanding of VWF interactions with biomaterial surfaces, as well as
thrombosis during injury.

1. M. Raghavachari, et al. Colloids Surf B (2000) 19:315.

10:40am  BI-MoM8 ToF-SIMS Study of Orientation of Fnllly,
Fibronectin Fragment on Self-Assembled Monolayers, L. Arnadéttir,
L.J. Gamble, University of Washington

Fibronectin (FN) is an extra cellular matrix protein that is involved in many
cell processes such as adhesion, migration and growth. The orientation and
conformation of FN adsorbed onto surfaces can therefore have a critical
effect on cell-surface interactions. Experimental orientation studies of
model systems also provide an important benchmark for molecular
simulations and are of great value for further development of force fields
used in many theoretical studies of protein adsorption. In this study the
adsorbed orientation of the 9-10 fragment of FNIII was studied on three
different model surfaces (self-assembled monolayers (SAM) of Cy;
alkanethiols on Au, -CH;, -NH,, and -COOH terminated SAMs.) The
FNIIIy. o fragment includes the two binding sites for the FN protein, a RGD
site on segment 10 (segl0) and a synergy site on segment 9 (seg9). This
fragment also has a significant asymmetry in its amino acid distribution
with His found exclusively on seg9, Lys only on segl0 and three times
more Tyr on segl0 then seg9. Taking advantage of this asymmetry, we use
time of flight secondary ion mass spectrometry (ToF-SIMS) to study the
different orientation on different surfaces and X-ray photoelectron
spectroscopy (XPS) to determine the difference in surface coverage. While
CH; and NH, have similar full coverage the highest COOH coverage is
about half the maximal coverage observed for the two other surfaces. A
ToF-SIMS comparison of the FNIIly,;, on COOH and NH, at similar
coverages shows significantly more His on the COOH and more Tyr on the
NH, surfaces suggesting an opposite orientation of the fragment on these
two surfaces. Results indicate that on the COOH surface the fragment is
oriented with segl0 down while on the NH, surface seg9 is closer to the
surface. Comparing similar coverages of the FNIIly_;o on NH, and CHj3, the
later has less Tyr signal (from segl0) suggesting that the segl0 is closer to
the surface on CH; than on NH,. In contrast, when FNIIly.;, on CH; and
COOH results were compared, the fragment on the CH; sample has less His
signal suggesting that seg9 is closer to the surface compared to COOH.

11:00am BI-MoM9 Single Protein Manipulation with STM, S. Khan,
K. Clark, C. Henneken, E. Rauh, S.-W. Hla, Ohio University

Scanning tunneling microscope (STM) is not only an instrument to image
atomic landscape of material surfaces but also is a tool to manipulate
individual atoms and molecules. If STM manipulation and spectroscopy can
be applied to individual biomolecules, it will be advantageous for multiple
research areas. Here we use a low temperature STM in an ultrahigh
environment to image individual protein molecules with molecular
resolution on Ag (111) surface at 4.6 K. A-b type amyloid precursor
proteins molecules and various single chain proteins were deposited on
atomically clean Ag (111) surface. STM images and tunneling spectroscopy
enables direct sequencing of amino acid groups in these molecules.
Moreover, using an STM manipulation procedure employing an attractive
tip-molecule interaction, individual molecules were relocated on the
surface; thereby their mechanical integrity can be tested. Protein folding is a
major issue in biological processes. Here, we will demonstrate that folding
of carbon back-bone in these proteins is possible using an STM
manipulation procedure. This experiment presents a novel avenue of
biological research where sequencing and manipulation may be performed
one molecule-at-a-time. We acknowledge the financial support provided by
US-DOE-DE-FG02-02ER46012.

11:20am BI-MoM10 DNA Origami from Inkjet Synthesis Produced
Strands, I. Saaem, A. Marchi, J. Tian, T. LaBean, Duke University

High-throughput synthesis of quality mixed oligonucleotides (oligos) allows
for exhaustive studies of DNA nanostructured material formation. In situ
DNA synthesis was achieved with a custom piezoelectric inkjet system
using phosphoramidite chemistry, on functionalized cyclic olefin copolymer
(COC) as a chip substrate. When amplified off of the chip via strand
displacement amplification (SDA), the oligos were eluted and used directly
for constructing multiple DNA origami nanostructures in a one-pot

assembly. By performing SDA, each chip may be reused multiple times to
produce pools of staple strands for repeated experiments. Two separate
DNA origami structures were formed from a double-stranded scaffold
strand. By redesigning specific staple strands, these structures can be
connected to provide a larger nanostructured template.

11:40am BI-MoM11 Solid State Electron Transport across Proteins,
D. Cahen, M. Sheves, 1. Pecht, L. Sepunaru, Weizmann Institute of Science,
Israel

We found that solid-state electron transport (Etp) studies are possible across
non-modified 'dry' proteins, between two solid electrodes, using the light-
induced proton pumping protein, Bacteriorhodopsin (bR), the electron
transfer (ET) protein, Azurin (Az), and Bovine Serum Albumin (BSA).
Clear differences between these proteins, where for bR and Az we can show
that they preserve their structure in the solid state measurement
configuration, were observed, with small tunneling decay constants for all
three proteins, suggesting that incoherent transport is the dominant
mechanism. Putting our data in perspective by comparing them to all known
protein Etp data in the literature, we concluded that, in general, proteins
behave more akin to molecular wires than to insulators. An important part
of these studies was the modification of the proteins by, e.g., removing or
disconnecting the retinal in bR and removing the Cu redox centre in Az.

We now report that, notwithstanding the above-noted earlier conclusion on
hopping, which was based on the Etp efficiency, Az shows 9-360K
temperature independent Etp, until its denaturation temperature. Removal of
the Cu changes this behavior to Arrhenius-like thermally activated Etp,
which becomes temperature independent below ~ 200K, a behavior that
apo-Az shares, qualitatively with bR, its variants and with BSA.

This difference between bR and Az leads to the truly remarkable situation
that above room temperature the non-ET protein bR shows significantly
better Etp than ET protein Az.

Electronic Materials and Processing Division
Room: 210 - Session EM-MoM

Dielectrics for Novel Devices and Process Integration
Moderator: S. King, Intel Corporation

8:20am EM-MoM1 Surface Cleaning and Monolayer Seeding for ALD
of High-k Studied by In Situ STM, STS, and XPS, W. Melitz, T. Kent, J.
Shen, A.C. Kummel, University of California San Diego

Air exposed III-V surfaces nearly always defects which prevent full
modulation of the Fermi level thereby impeding their use in practical
semiconductor devices such as MOSFETs. For a high speed device, the air
induced defects need to be removed to reduce trap states while maintaining
an atomically flat surface to minimize interface scattering thereby
maintaining a high carrier mobility. For silicon, the only commercial atomic
layer deposition (ALD) high-k fabrication process is a replacement gate
process to avoid processing induced damage. Surface channel 11I-V MOS
devices can be fabricated with ALD high-K gate-first processes; while ALD
is known to greatly reduce surface contaminants, contamination removal is
not complete and the order of the surface after ALD cleanup is unknown.
Using in-situ scanning tunneling microscopy (STM) and scanning tunneling
spectroscopy (STS) the surface morphology of a multistep process was
explored for gate-last unpinning of air exposed InGaAs and InP surface via
cleaning with atomic H and ALD nucleating/passivating with trimethyl
aluminum (TMA). STM of atomic H cleaned surfaces shows the dosing
temperature and a post deposition anneal are critical to forming surfaces
that resemble the decapped InGaAs or a highly ordered InP surfaces. For
InGaAs(100), 300K H dosing can produce large multilayer etch features
which cannot be annealed out; however by dosing at elevated temperatures
these features can be avoided. After H cleaning at 380°C, the surface
contains dark features consistent with monolayer etch pits, and these
features are reduced by a factor ~50 with a post deposition anneal. The H
cleaned and annealed surface can be unpinned by a half cycle dose of TMA
followed by annealing because it generates an ordered dimethyl aluminum
layer providing monolayer nucleation density, and an atomicly flat surface,
critical for aggressive EOT scaling. For InP, a low dose of H at similar
temperatures and post deposition anneal generates a mixed surface
reconstruction; however, with a higher dosing temperature around 440°C
and post deposition anneal around 470°C, a single surface reconstruction is
observed. A similar atomic H cleaning and TMA dosing procedure has been
demonstrated to produced an ordered passivation layer on air exposed
InP(100). It has been shown that for InGaAs and InP an oxide free surface
can be achieved with atomic H dosing and annealing, however there is a
dependence of surface roughness and defect densities on dosing and
annealing conditions. The combination of atomic H cleaning and TMA
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dosing provides a flat ordered surface ideal as a template for ALD of high-k
gate dielectrics.

8:40am EM-MoM2 Selective Area Regrowth of Self-Aligned, Low-
Resistance Ohmic Contacts on InGaAs, J.J.M. Law, A.D. Carter, G.B.
Burek, B. Thibeault, M.J.W. Rodwell, A.C. Gossard, University of
California, Santa Barbara

As electronic device areas scale with each generation by 1:4, resistances
must remain constant, so contact resistivities must scale by 1:4. The high
dopant concentrations achievable by molecular beam epitaxy (MBE)
provide a method for creating low-resistance ohmic contacts; however, line-
of-sight deposition and low desorption of atomic species may hinder the
self-alignment of such regrowth. Careful control over growth conditions
makes MBE a suitable technique for creating self-aligned, low resistance
ohmic contacts to InGaAs.

Samples were grown by solid source MBE lattice matched to semi-
insulating InP with layer structure as follows from the substrate: 400 nm
InAlAs, 3 nm of Si-doped 2 and 3x10" cm™ InAlAs, and 25 and 15 nm of
InGaAs, respectively. 300 nm of SiO, and 20 nm of Cr were deposited by
PECVD and e-beam evaporation. A combination of electron beam and
photolithography followed by ICP dry etching was used to define dummy
spacer pillars. Oxidation and oxide removal of exposed InGaAs was done
with UV o-zone and a dilute 10 H,O:1 HCL dip. Samples were heated to
420 °C and treated with thermally cracked hydrogen (=1x10° Torr) for 40
minutes prior to regrowth. 70 nm of 5x10" Si-doped InAs was grown on
the exposed InGaAs regions with quasi-migration enhance epitaxy (MEE)
at 500 °C with V:III beam equivalent pressures of 4.0, 5.6, and 8.0. After
regrowth, shorts over the dummy pillar were removed, and samples were
metalized with lifted-off e-beam evaporated Ti/Pd/Au and mesa isolated.
Contact resistances were extracted by transmission line measurements
(TLM).

RHEED images during regrowth showed 4x2 surface reconstructions for
regrowths with V:III ratios of 4.0 and 5.6 indicating a group In-rich surface
reconstruction. SEM of regrowths at V:III ratios of 4.0 and 5.6 showed no
faceting and fill-in to the dummy pillar edge. AFM showed roughened
surfaces possibly due to high Si incorporation and lattice mismatch between
InGaAs and InAs. Regardless of the V:III ratio during growth, 25 nm thick
InGaAs channels showed contact resistances of 190 Q um while 15 nm
thick InGaAs showed contact resistances of 105 Q um. Metal-
semiconductor contact resistances were 2.1 Q um. Local electrode atom
probe shows that the regrowth carries some of the Ga along with it creating
a varying InGaAs alloy concentration throughout the regrowth.

9:00am EM-MoM3 Boron Nitride Development and New Applications
for sub-20nm Device Fabrication, M. Balseanu, L.Q. Xia, V. Nguyen, M.
Naik, D. Cui, K. Zhou, J. Pender, B. Mebarki, Applied Materials, Inc.

INVITED
The continuous need for films with lower dielectric constant, higher
strength, and greater etch resistance drives the need to explore new
materials. In this paper we present a study of boron nitride and other boron-
based materials for multiple applications in semiconductor devices
discussing the benefits and integration challenges.

As critical dimensions shrink and RC delay increases, the dielectric constant
of the interconnect is a continuous area of focus. The current silicon carbo-
nitride (SiCN) Cu barrier film has a dielectric constant greater than 5.0 and
relatively poor step coverage. Significant advances have been made in
recent years to develop a low k, conformal and manufacturable BN thin film
for Cu barrier applications. The BN film was shown to have improved
leakage, mechanical properties and insensitivity to UV cure relative to
SiCN.

Back-end of line patterning has increased in complexity with the
introduction of ultra-low k (ULK) dielectric materials. Dual hardmask
(HM) patterning scheme eliminates the ULK damage caused by photoresist
strip process. The TiN HM has faced challenges in extending below 20nm
due to post etch residue and high stress leading to line bending. A boron-
based HM material was developed to address those integration challenges.
The new material has a low and tunable stress eliminating the line bending
concerns. Boron content was optimized for the best selectivity to ULK
without impacting the film stress. Significant defectivity and queue time
improvement was observed with the boron-based HM due to volatility of
the etch byproducts. 9% RC reduction relative to the conventional tri-layer
patterning scheme was measured using 45nm 2-metal level electrical test
structures.

Double or quadruple patterning technique is required for critical dimensions
reduction due to the lack of manufacturable EUV lithography. Spacer-based
double patterning (SADP) is one of the most adopted process flows to
generate one-dimension regular array structures. Its implementation is
impacted by the poor step coverage of the conventional PECVD SiN spacer
leading to metal line cuts after final polishing step. A low temperature BN
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film with superior step coverage, minimum pattern loading, good
uniformity and low cost was developed for 20nm node and beyond. Its
benefit for SADP was verified using a 20nm half pitch logic structure where
a 200mm long serpentine yield was improved by 80%.

Evaluation of the boron-based thin films for Cu barrier and patterning
applications has shown their potential to replace the conventional materials
used today in the logic and memory process flow and thus enabling scaling
below 20nm.

9:40am EM-MoMS5 Novel Organosilicate Polymers for Ultralow-
Dielectric Films with High Modulus, Low CTE, and Closed-Pore
Morphology, D.Y. Yoon, J.H. Sim, Seoul National University, Korea, M.
Liu, University of Michigan, H.W. Ro, C.L. Soles, National Institute of
Standards and Technology, D.W. Gidley, University of Michigan INVITED
Novel organosilicate polymers are prepared using porogen bridged
comonomers for ultralow-dielectric constant insulator applications. We
synthesize silsesquioxane based terpolymers with methyltrimethoxysilane,
ethylene bridged silane (1,2-bis(triethoxysilyl)ethane) and a porogen
bridged silane comonomer via sol-gel reaction. The conventional route to
generate nanoporous organosilicate films is to blend in a low molecular
mass porogen that phase separates from the organosilicate network into
isolated nanoscale domains that template the pores. However, using this
approach it is difficult to achieve isolated nanopores with diameters below 2
nm when the total porosity becomes greater than 20 % by volume, which is
essential for obtaining ultralow-k ( k<2.2 ) films. Our novel approach here
is to covalently tether the both terminal ends of linear organic porogen to
the trialkoxysilane monomers. This helps minimize the phase separation of
the porogen during the thermal curing process of organosilicate polymers
and keeps the resultant pores both smaller and less interconnected. For
comparison we also prepare an analogous grafted version of this terpolymer
series where only one end of the linear porogen is tethered to a
trialkoxysilane monomer. The pore structures and porosities of this series of
bridged and grafted porogen films are fully characterized with positron
annihilation lifetime spectroscopy (PALS) and X-ray porosimetry (XRP).
The resulting nanoporous films from the porogen bridged organosilicate
polymers show much smaller pore sizes (I nm to 2 nm), reduced
interconnectivity of the pore structure, and superior mechanical properties
in comparison with their analogs using the porogen grafting approach,
especially at the high porosities (ca. 30 %) that are relevant for ultralow-k
(2.0 to 2.2) insulators for advanced microprocessor applications.

10:40am EM-MoMS8 Interface Traps and Low Subthreshold Swing in
II-V Tunnel FETs, A. Seabaugh, S.-D. Chae, P. Fay, W.-S. Hwang, T.
Kosel, R. Li, Q. Liu, Y. Lu, T. Vasen, M. Wistey, H. Xing, G. Zhou, Q.
Zhang, University of Notre Dame, R.M. Wallace, University of Texas at
Dallas INVITED
Tunnel field-effect transistor (TFETs) are metal-oxide semiconductor
(MOS) devices that use the gate electrode to control the band-overlap of a
Zener tunnel junction. In TFETs, the subthreshold swing can be less than
the thermal limit of 60 mV/decade in MOSFETs, allowing lower supply
voltages for the same on/off current ratio, and lower power dissipation.
Traps, however, at the high-k-dielectric/semiconductor interface act to
terminate the gate field without contributing charge carriers to the channel
and thereby degrade the subthreshold swing. This presentation will examine
the relationship between interface traps and subthreshold swing and show,
through impedance and transport measurements on InAs/AlGaSb TFETs,
our current understanding of the interface, physics, charge control, and
channel transport.

11:20am  EM-MoM10 Impact of Vertical Structured Devices for
Future Nano LSI, 7. Endoh, Tohoku University, Japan INVITED
For the past thirty years, the device downscaling has been the guiding
principle in Si-LSI. The planar MOSFET has supported the expansion of
the semiconductor industry; however, recently, the limit of planar
MOSFETs is becoming apparent. As the feature size of planar MOSFETs
approach the nano generation, it is becoming more difficult to improve its
performance by SCE etc. Moreover, the process cost becomes expensive. In
order to extend the scalability of CMOS technology to the nano generation;
a new device structure is necessary. From above viewpoint, many new
structured MOSFETs are proposed. The key points of next generation
MOSFET are multi-gate structure, floating body structure and 3D structure.
Therefore, proposed Vertical MOSFET [1-2] is emerging as one of the
candidate to replace the conventional MOSFET.

In this paper, I will show the excellent performance of Vertical MOSFETSs
in comparison with others structured MOSFETs from viewpoints of high
packing density and large driving current and good gate controllability etc.
Moreover, I will show the impact of Vertical MOSFET for high density
Memory [3].Next, I will discuss that by using both proposed Vertical
MOSFETs[4] and Spin device, Silicon ULSI can be evolved even if



becoming in nano generation in forces to Logic. Logic demands new
scheme technology for realizing lower power operation and managing the
total power consumption. On the other hands, Memory, especially non-
volatile memory demands new cell technology for shrinking cell size and
realizing high speed programming, low voltage operation and good
reliability including endurance. From above viewpoint, we will show the
excellent performance of both Logic-in-Memory Architecture [5-7] using
MT]J, and MT]J based Vertical structured cell, as follows. First, it is shown
that by Logic-in-Memory Architecture using MTJ, a compact LSI with a
standby-power-free and immediate-power-up capability can be realized.
Next, it is shown that by Vertical structured cell using MTJ, ultra high
density non-volatile memory can be realized with utilizing both a capability
of Vertical structure MOSFET such as large drive current, excellent gate
controllability and compact footprint, and a capability of MTJ such as
unlimited endurance and manufacturability integrated in backend metal line
of Silicon CMOS technology. Finally, we discuss the impact of spintronic
devices for future Nano Si-LSI.

[1] T.Endoh,etal. IECE Trans.EL. E80-C, 1997

2] T.Endoh,etal. AWAD, 2008

3] T.Endoh,etal. IEEE IEDM, 2001

4] T.Endoh,etal. IECE Trans.EL. E92-C, 2009

5] A.Mochizuki, etal. IEICE Trans.EL E88-A, 2005
6] S.Matsunaga, etal. APEX 1, no.9, 2008
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8:20am EN+PS-MoM1 Plasma Energy R&D at National Fusion
Research Institute (NFRI): Fusion Energy, Silicon Quantum Dot Solar
Cell, and Plasma-Enhanced Coal Gasification, S.J. Yoo, National Fusion
Research Institute, Republic of Korea INVITED
National Fusion Research Institute (NFRI) is a unique national laboratory
dedicated to conducting research and development of the most powerful
plasma energy application, the fusion energy, in Korea: We have
constructed and a fully superconducting Tokamak device named KSTAR
(Korea Superconducting Tokamak Advanced Research) which is now
successfully in operation, and actively involved in the world's largest joint
fusion project - International Thermonuclear Experimental Reactor (ITER),
in which seven countries are participating to investigate engineering
feasibility of fusion power commercialization.

Besides the fusion research, the NFRI has actively developed various
plasma applications related to energy harvesting such as silicon quantum
dot solar cells and plasma-enhanced coal gasification.

We have challengingly developed a new fabrication method of the silicon
quantum dot solar cell by using hyperthermal neutral beams which are
neutral beams with an energy range of 1 ~ 100 eV and very effective tools
for thin film deposition at much lower substrate temperature without
plasma-induced damages. The hyperthermal neutral beams can be
effectively applied to each fabrication step of the silicon quantum dot solar
cells: Deposition of a silicon thin film consisting of nano-crystal silicon and
amorphous silicon matrix, then selective etching of the amorphous silicon
matrix by keeping only nano-crystal silicon remained in order to obtain the
silicon quantum dots, thereafter dielectric barrier coating on the silicon
quantum dot surface, and then repetition of the procedure until a required
thickness achieved.

We also have developed a steam plasma torch driven by microwave powers
of 2.45 GHz and 915 MHz for effective gasification of various hydrocarbon
materials and even low grade coals which can be hardly gasified by
conventional thermal gasification methods since the steam plasma torch can
produce much more abundant reaction catalysts such as O*, H*, OH*,
H,0,, and O; than the thermal gasification methods. And, furthermore, the
microwave plasma torch has a great advantage of the system life time
compared to conventional arc plasma torches for which metallic electrodes
are inevitable and thus easily eroded by the reaction catalysts produced for
the coal gasification.

9:00am EN+PS-MoM3 Synthetic Fuel Processing through Plasma-
Assisted CO, Conversion, S. Welzel, S. Ponduri, F. Brehmer, M. Creatore,
M.C.M. van de Sanden, R. Engeln, Eindhoven University of Technology,
Netherlands

Continuously increasing green house gas emissions and forthcoming (fossil)
fuel depletion has stimulated research in novel fuel processing, cleaner
combustion as well as CO, capturing and conversion. Conventional fuel
processing usually aims at producing syngas (CO/H,) mixtures that may be
further converted into value-added hydrocarbons and oxygenates (CH,0,).
Photocatalytic CO, hydrogenation is now considered as alternative
approach which would simultaneously lead to a global green carbon cycle.
It could reduce atmospheric CO, concentrations, while at the same time
provide fuels on a renewable basis that can directly be supplied to our
present energy infrastructure. Since the efficiency of such an artificial
photosynthesis is low, we propose the plasma-assisted hydrogenation of
COy into hydrocarbons.

This contribution focuses on the efficiency of CO, depletion and selectivity
of CH,4 production in a low-temperature plasma expansion. The plasma is
created from mixtures of argon and hydrogen while COy is injected into the
expansion part where the dissociation mechanism might be radical- and/or
ion-driven. Results on measurements of the (steady state) gas composition
obtained by mass spectrometry and mid-infrared tuneable diode laser
absorption spectroscopy will be reported.

Especially under argon rich conditions, where the chemistry is mainly
driven by combined charge exchange with the Ar ions and dissociative
recombination, a CO yield of 50 % was achieved. CH, formation was
particularly detected at high hydrogen admixtures. C,H, hydrocarbons were
in most cases absent while H,O and CO turned out to be the main stable
products. The results suggest an inherent syngas step during the plasma-
assisted conversion approach, particularly a successive hydrogenation of
CO.

9:20am EN+PS-MoM4 Effective Light Trapping for Crystalline
Silicon Solar Cells by Plasma Texturing, F.M.M. Souren, Eindhoven
University of Technology, Netherlands, J. Rentsch, Fraunhofer Institute for
Solar Energy Systems (ISE), Germany, M.C.M. van de Sanden, Eindhoven
University of Technology, Netherlands

Currently, in the photovoltaic (PV) industry, wet chemistry based etching is
used for saw damage removal and surface texturing. It is known that plasma
based dry etching leads to an improved light trapping on multi-crystalline
silicon material and, therefore, it has the potential to increase the solar cell
efficiency. However, up to now plasma based texturing has not been
implemented in the PV industry, because of the very low etch rate (<l
pm/min) and the high cost of ownership. In this study, different front
surface textures obtained by means of the Linear Microwave Plasma (LMP,
commercialized by Roth&Rau) technique and the high rate Expanding
Thermal Plasma (ETP, commercialized by OTB-Solar) technique, are
investigated to reduce the overall reflection losses of mono-crystalline
silicon solar cells and compared to KOH/IPA (Potassium
hydroxide/Isopropanol) which is the standard process in solar cell
manufacturing industry. The created textures employing the different
etching techniques are characterized by reflectometry (250-1200 nm) to
determine the weighted reflection and by Atomic Force Microscopy (AFM)
to measure the surface topography so as to determine statistical roughness
parameters. We have found that the average scatter angle, determined from
the AFM measurements, shows a clear correlation to the measured weighted
reflection. Effective light trapping has been obtained for two typical
textures based on the described etching techniques. A texture which leads to
a successive hit of the incident light ray towards the solar cell surface, can
result in effective light trapping, as for example, the KOH/IPA process
which creates a pyramidal texture. Efficient light trapping can also be
obtained by the creation of a diffuse front surface (resembles the
topography of “black silicon”), as for example by using the LMP technique,
under the conditions used, which creates micro roughness. This micro
roughness can be described as an effective medium with a refractive index
between air and silicon and a typical thickness of up to (60+10) nm [1]. The
micro roughness leads to an effective light trapping of a broad range of
wavelengths from 250 nm up to 1200 nm. The light trapping of the wafer
etched by the ETP technique is smaller than the as cut wafer and can be
explained by a smaller average scatter angle compared to the as cut wafer.
A short post treatment of the ETP textured wafer by the LMP technique,
creates a diffuse front surface and results, therefore, in an improved light
trapping. Moreover this combination shows great promise for a cost-
effective approach towards plasma based texturing.

[1] R.B. Stephens and G.D. Cody, Thin Solid Films 45 (1977) 19.
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9:40am EN+PS-MoMS RF-PECVD Processes Excited by Asymmetric
Voltage Waveforms, P.-A. Delattre, S. Pouliquen, Laboratoire de Physique
des Plasmas, France, E.V. Johnson, Laboratory of Physics of Interfaces and
Thin Films, France, J.-P. Booth, Laboratoire de Physique des Plasmas,
France

Voltage Waveform Tailoring (VWT) is a promising new technique for
Radio-Frequency (RF) process plasma excitation. It is known that
asymmetric waveforms resembling peaks (short positive and long negative
voltage) or valleys (long positive, short negative voltage) can produce a
voltage self-bias, even in a symmetrical reactor [1], known as the Electrical
Asymmetry Effect (EAE). We have implemented a system to provide such
voltage waveforms on the RF electrode of our Capacitively Coupled Plasma
(CCP) reactor. For a peak to peak voltage (Vpp) of 300 V, we can control
the self-bias from -190 V to 15 V, without changing any other process
parameter. A new differential RF probe gives us the real-time current and
voltage derivatives, and therefore, the instantaneous power. For a voltage
waveform composed of a 15 MHz fundamental and three harmonics,
instantaneous power changes from +1 kW to —1kW in 10 ns. Using a
hairpin resonator probe in hydrogen at 13 Pa, we have measured an electron
density of 2E8 cm™ with a standard sine waveform, 2E9 cm™ with a valleys
waveform and 2E10 cm™ with a peaks waveform (all with Vpp= 300V).
With a view towards photovoltaic applications, using a gas mixture of 4 %
of SiH, in H, at 65 Pa, we have achieved a deposition rate of high-quality
amorphous silicon of 1 A/s for sine, 2.7 A/s for valleys, and 3.8 A/s for
peaks voltage waveforms.

'Brian G Heil et al 2008 J. Phys. D: Appl. Phys. 41 165202

10:00am EN+PS-MoM6 Spontaneous and High Rate Synthesis of
Nanocrystalline Silicon by Expanding Thermal Plasma, I. Dogan, NJ.
Kramer, M.A. Verheijen, Eindhoven University of Technology,
Netherlands, K. Dohnalova, T. Gregorkiewicz, University of Amsterdam,
Netherlands, M.C.M. van de Sanden, Eindhoven University of Technology,
Netherlands

Silicon nanocrystals (Si-NCs) draw attention since they exhibit size
dependent luminescence, improved charge storing capacity and increased
surface reactivity. For instance, the size dependent optical properties of Si-
NCs show great promise for increasing the efficiency of solar cells. Si-NCs
could be used as spectrum down converters by converting the excess energy
of a hot photon to generate multiple exciton pairs. For successful
applications, the main issues on Si-NC synthesis are size control and
surface engineering for improved optical properties, and high throughput.
Among these points, the amount of throughput is highly critical for large
scale applications however, it is not possible to achieve with current
production techniques. Our research goal is to show that it is possible to
fulfill these demands with a novel route by using the remote expanding
thermal plasma (ETP) technique. Synthesis of Si-NCs in a remote Ar/SiHy4
plasma occurs by means of a reaction sequence of ion-SiHs charge
exchange and subsequent addition of SiH, molecules. This realizes
spontaneous and nearly complete conversion of SiH, into Si-NCs with very
high throughputs of about 25mg/min, the fastest deposition rate reported in
the literature so far. Moreover, ETP has the freedom of tuning the size of
the Si-NCs by controlling the flow rates of SiH, and Ar, i.e. the residence
time in the plasma. Synthesized Si-NCs have a bimodal distribution of
small (4-7nm) and large (50-80nm) sizes as confirmed by TEM, which is a
consequence of the plasma expansion and reactor geometry. Bimodality has
been analyzed with Raman spectroscopy by studying the asymmetry and
shift in the transverse optical vibration mode of bulk-Si at 52lcm’.
Photoluminescence spectroscopy confirms the presence of monodisperse
size distribution of small Si-NCs (4-7nm) leading to luminescence in the
region 600-900nm. Observation of luminescence illustrates the quality of
the nanocrystal surface passivated by the rapid native oxidation.
Preliminary results show separation of the bimodal distribution can be
controlled by means of geometrical isolation of the regions, in which small
and large particles are formed.

10:40am  EN+PS-MoM8 SiH; and SiF; Dissociation in Matrix
Distributed ECR Sources, and Potential for High Deposition Rate of
Thin Film Silicon Alloys, S. Kasouit, Total S.A, France, P. Bulkin, P. Roca
i Cabarrocas, LPICM, France

Depositing at high rates and on ever larger areas are important objectives
for the reduction of thin film silicon modules costs. High deposition rates
have been achieved so far using different plasma sources but uniformity
over large areas is still problematic. Matrix distributed electron cyclotron
resonance (MDECR) systems consist of individual ECR plasma sources,
which can be arranged in arrays with virtually no size limitations.
Deposition rate of silicon alloys exceeding 10 nm/s, has been demonstrated,
but little is known so far about the precursors’ dissociation and species
fluxes onto the surface.
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We study here the dissociation of Silicon film precursors, using optical
emission spectroscopy and quadrupole mass spectrometry, both in the
plasma phase and in the fore line. We correlate the dissociation on the one
hand to the electron density and temperature measured using Langmuir
probes and microwave interferometry, and to film growth rate and structure
on the other.

It is found that more than 90% of SiH4 is used across a wide range of
microwave powers, with a small dependence on gas residence time and
pressure. Deposition rate depends primarily on the total flow of SiH4, and
values above 3 nm/s are easily obtained. Transition from amorphous to
microcrystalline silicon growth, on the other hand, occurs at high powers,
and correlates to the electronic temperature and the high H/Si ratio observed
in the gas phase. Direct dissociation of SiH4 by electron impact, followed
by deposition from atomic Si and subsequent crystallization by hydrogen is
therefore a satisfactory explanation.

On the contrary, for deposition from SiF4 , consumption is found to be
lower than 60%, and independent of the gas residence time and microwave
power. The deposition rate is also much lower, on the order of 0.3 nm/s.
SiF4 consumption increases with the total hydrogen flow rate added to the
mixture. The total concentration of atomic Si in the gas phase varies linearly
with the product of SiF and H species, estimated by actinometry, suggesting
fluorine abstraction by hydrogen as a possible mechanism. Deposition rate
is also proportional to the Si content in the plasma phase and increases with
the hydrogen flow rate added to the plasma. We propose that film growth
from MDECR plasmas of SiF4/H2 mixtures occurs through the deposition
of atomic silicon, obtained from hydrogen abstraction of fluorine in the gas
phase, direct electron impact dissociation of SiF4 playing a smaller role.

This illustrates the importance of gas phase reaction for achieving high
deposition rates, even in the case of high density low pressure plasma
sources.

11:00am EN+PS-MoM9 The Effects of Showerhead Hole Structure on
the Deposition of uc-Si:H Thin Films by VHF PECVD, S.-S. Wi, Y.-G.
Kim, H.-J. Lee, Pusan National University, Republic of Korea, D. Kim, D.
Hwang, W.S. Chang, LG Electronics, Republic of Korea

We presents the characteristics of hydrogenated microcrystalline silicon
thin films deposited from SiH4/H, in 40 MHz plasma enhanced chemical
vapor deposition (PECVD)equipped with multi-hole-array showerhead. The
effects of hole array structure are analyzed in terms of their diameter and
depth. Cross dependences between the hole structure and process
parameters, such as SiHs concentration, rf power, pressure, substrate
temperature and total gas flow rate, are also investigated. The results show
that deposition rate is not a strong function of hole structure compared with
other process parameters. However, it is found that uniformity can be
controlled by varying the surface density of hole array. With decreasing
total flow rate, faster increase in deposition rate is found at the multi-hole
array compared with flat electrode. This may be attributed to the high
electron density and longer residence time of within the holes. It is
demonstrate that the multi hole array electrode can be used as an effective
control variable for optimization of Si thin film solar cell PECVD process.

11:20am EN+PS-MoM10 Plasma-Enhanced CVD and ALD Prepared
Nanolayers for High-Efficiency Solar Cell Manufacturing, W.M.M.
Kessels, Eindhoven University of Technology, the Netherlands INVITED
Photovoltaics has become a very innovative field of research and
manufacturing due to the continuous improvement in the solar cell
cost/performance ratio and its tremendous growth opportunities (past
average annual growth rate of 40%). Several innovations with respect to the
improvement of the cell efficiency lie in the field of thin film technology,
not only for thin-film solar cells but also for crystalline silicon solar cells
which are currently still dominating the market (87% market share in 2010).
One particular trend is the application of ultrathin films or “functional
nanolayers” for solar cell interface engineering. In crystalline silicon
technology these nanolayers have as a main application the reduction of
charge carrier recombination at interfaces through “surface passivation”.
Plasma-based deposition processes such as plasma-enhanced chemical
vapor deposition (CVD) are key for the preparation of such films and
recently the interest also shifted to (plasma-enhanced) atomic layer
deposition (ALD) processes due to their precise growth control and their
excellent uniformity and conformality [1]. Moreover, ultrathin films of < 10
nm have been found feasible in terms of reaching very-well passivated
surfaces. In this contribution, the application of ultrathin films of various
materials such as a-Si:H, a-SiNy:H, SiO,, and in particular ALO; will be
addressed. The preparation methods will be described as well as the
relevant surface reaction mechanisms during the film synthesis. Passivation
and solar cell results will be presented with a main emphasis on the key
mechanisms underlying the good passivation performance of the ultrathin



films. Also the market feasibility of new ALD technologies, e.g., in terms of
high throughput processing, will be addressed.

[1] Atomic layer deposition: prospects for solar cell manufacturing,
W.MM. Kessels, et al., Proc. 33rd IEEE Photovoltaic Specialist
Conference, San Diego, U.S.A. (2008).

Energy Frontiers Focus Topic
Room: 104 - Session EN-MoM

Industrial Physics Forum on Energy I
Moderator: R.A. Sears, Massachusetts Institute of
Technology, B. Clark, Schlumberger

8:20am EN-MoM1 Energy Security and Energy Policy, W.W. Hogan,
Harvard University INVITED
Energy security is broader and different than energy independence.
Different definitions of energy security produce different policy
prescriptions. A consistent framework for energy security must address
basic principles.

9:00am EN-MoM3 Technology Innovation and China's Skyrocketing
Demand for Energy, E. Steinfeld, Massachusetts Institute of Technology
INVITED

9:40am EN-MoMS5 Making Energy Sustainable — Scientific Challenges
in Determining the Pathways to the Future, E.D. Williams, BP plc, UK

INVITED
The scale and cost of the energy challenge are immense. Everyone wants
secure, reliable, and affordable energy, but climate change, demand growth
and, increasingly, resource scarcity, are transforming the energy landscape
and it will continue to evolve.

There are many possible technical pathways to a low-carbon energy future,
and each presents unresolved technical challenges that will influence the
time, money and global-scale asset and infrastructure deployment that will
take place over the next decades. BP’s energy portfolio demonstrates many
of the research challenges in this arena, and some examples from Carbon
Capture and Storage and Biofuels will be discussed here specifically.
Ultimately, research, technology, policies and partnerships will determine
the pace of change.

10:40am  EN-MoMS8 Synthetic Biology for Energy and the
Environment, A.4.N. Patrinos, Synthetic Genomics (SGI) INVITED
Synthetic biology is one of the major “tools” that are converting biology
from a concept-driven scientific revolution to a tool-driven scientific
revolution. This paradigm shift will enable significant applications of the
new biology to major challenges in medicine, energy, and the environment.

11:20am EN-MoM10 Manufacturing Innovations for a Sustainable
Energy Future, R. Castro, O. Nalamasu, Applied Materials, Inc.INVITED
Nanomanufacturing  technology, the cost-effective and practical
manufacturing solutions based on equipment and process solution platforms
have been translating the promise of nanotechnology to reality in advancing
transforming the electronics and display industries. Technology, Scale and
Innovation would continue to be fundamental to meet the global inflections
associated with Electronics and Display industries and more importantly,
advances in nanomanufacturing technology are critical to solving the energy
and environment challenges. In this presentation, I will detail the challenges
and opportunities in building a sustainable energy future based on
nanomanufacturing innovations.

Electron Transport in Low Dimensional Materials Focus
Topic
Room: 209 - Session ET+EM+SS-MoM

Quantum Transport: From 0- to 2-Dimensions
Moderator: A.-P. Li, Oak Ridge National Laboratory, K.
Varga, Vanderbilt University

8:20am ET+EM+SS-MoM1 Charge and Spin Transports at Surfaces
of Strong Spin-Orbit-Coupling Materials, S. Hasegawa, T. Hirahara,
University of Tokyo, Japan INVITED
Transports of charge as well as spin at crystal surfaces are now intensively
studied by various kinds of experiments. Surface electronic states are
generally decoupled from the bulk states and therefore intrinsically low-
dimensional. Furthermore, space-inversion symmetry is broken down at
crystal surfaces; one side of the surface is empty vacuum while other side is
full of electrons in the crystal. These effects provide rich physics of
transport, especially on surfaces of strong spin-orbit-coupling (SOC)
materials. The surface-state bands are known to be spin-split of such strong
SOC crystals such as Bi and Bi alloys, which is called by Rashba effect [1-
4]. Similar effect is observed on a special kind of materials called
topological insulators such as BiSb, BiSe, and BiTe alloys. Some of them
have spin-split Dirac-cone type surface-state bands. This implies that spin-
polarized current will flow at the surfaces of such materials.

In my presentation, by using samples of pure Bi [1-4], BiSb [5], BiSe [6,7],
and BiTe, I will show that the surface-state bands are really spin-split and
the Dirac-cone conductivity is directly measured by microscopic four-point
probe method. An on-going project to detect the spin-polarization of surface
current by using magnetic tips in a four-tip STM will be also introduced.

[1] T. Hirahara, et al., Phys. Rev. Lett. 97, 146803 (2006).
2] T. Hirahara, et al., Phys. Rev. B 76,153305 (2007).

3] T. Hirahara, et al., Appl. Phys. Lett. 91, 202106 (2007).
4] T Hirahara, et al., New J. Phys. 10, 083038 (2008).

5] T .Hirahara, et al., Phys. Rev. B81, 165422 (2010).

6] Y. Sakamoto, et al., Phys. Rev. B81, 165432 (2010).
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[7] T. Hirahara, et al., Phys. Rev. B82, 155309 (2010).
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9:00am ET+EM+SS-MoM3 Electron Transport in Ferroelectric
Domains and Walls, A. Baddorf, Oak Ridge National Laboratory

INVITED
Ferroelectric tunneling, where electron transport is controlled by the
polarization state, has recently been realized in a number of experiments.
Polarization-controlled transport effects have been detected in tunnel
junctions, thin films, single crystals and at domain walls. Yet, little analysis
of data has undertaken to determine the transport mechanisms and their
interaction with ferroelectric fields and domain boundaries involved in
switching. We present seminal experimental observations of transport in
thin films of Pb(Zry,Tips)O; (PZT) and BiFeO; (BFO). Earlier we have
shown that both materials exhibit pronounced polarization-controlled
electroresistance [1]. Temperature and voltage dependence of currents are
not well fit by any one standard model. Instead a transition between surface
and bulk limiting effects is observed. Upon close inspection, I-V curves
exhibit a reproducible region of negative differential conductance associated
with ferroelectric switching. Although this anomaly may originate from
extrinsic processes, e.g. due to oxygen vacancies or charge injection, we
have carried out a series of control experiments on PZT films that
unequivocally connect variation of conductance with the size of the
polarization domain in the plane of the surface. The I-V anomaly therefore
originates from significant conductivity of the domain wall and a relatively
slow expansion of the domain following polarization switching. However,
our results do not imply simply that transport is through domain walls, but
further that nanoscale domains formed by switching have fundamentally
different conduction behavior [2]. We suggest that domains formed by tip-
applied bias have curved walls and are consequently charged, modifying
adjacent material much as charge accumulation modifies a semiconductor.
Engineering the ferroelectric domain size produces a tunable conductance
reminiscent of analogue memristors, providing a quasi-continuous spectrum
of non-volatile resistive states, even though the PZT polarization itself is
bistable. Ferroic memristive behavior, which based on our measurements is
likely to be universal to ferroic semiconductors, is a striking departure from
the conventional picture of discrete electron transport states in
ferroelectrics.

Research was conducted at the Center for Nanophase Materials Sciences
and sponsored by the Division of Scientific User Facilities, U.S.
Department of Energy.
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[1] P. Maksymovych et al., Science 324 (1421) 2009.
[2] P. Maksymovych et al., submitted.

9:40am ET+EM+SS-MoM5 Electronic Instabilities, Fluctuations, and
Transport in Epitaxial Nanowires, H.H. Weitering, University of
Tennessee and Oak Ridge National Laboratory INVITED
Quantum transport is at the heart of nanoscience and marries a fundamental
law of nature — quantum mechanics — with applied electrical engineering
and emerging materials technologies. Ultimately, nanoscale electronic
devices will contain networks of wires whose cross sections will be so small
as to represent one-dimensional conductors with novel transport properties.
We have fabricated exceptionally long and uniform Y Si, nanowires via self-
assembly of yttrium atoms on Si(001). The wire widths are quantized in odd
multiples of the Si substrate lattice constant. The thinnest wires represent
one of the closest realizations of the isolated Peierls chain, exhibiting van
Hove type singularities in the one-dimensional density of states and charge
order fluctuations below 150 K. Conduction through individual nanowires
follows an inverse Arrhenius behavior, indicative of thermally-assisted
tunneling of small polarons between defect centers. Quantitative analysis of
individual wire resistances, probe resistances, and negative differential
resistances of nanowire networks indicates significant electronic interwire
coupling below 150 K. The long-range coupling mechanism involves the
dielectric polarization of the substrate, which induces current blockades in
neighboring conduction channels.

This work is sponsored by the NIH/NHGRI and was partially conducted at
the Center for Nanophase Materials Sciences, which is sponsored at Oak
Ridge National Laboratory by the Office of Basic Energy Sciences, U.S.
Department of Energy

10:40am ET+EM+SS-MoM8 Grain Boundary Resistivity in Copper
Nanowires, 7.H. Kim, POSTECH, South Korea INVITED
The reliable choice of the interconnect materials in current integrated
circuits is copper because of its higher electrical conductivity and improved
stability against electromigration among all possible candidates. However,
as the width of interconnects is approaching a mean free path of the
electrons, the resistivity of copper interconnects is known to increase
dramatically. Typically, this increase in the resistivity of the narrow
interconnect is attributed to enhanced sequential scattering of electrons from
defect planes such as either grain boundaries (GB) or other
surfaces/interfaces. But, it is very challenging to distinguish which
scattering factor is dominant over others in such a small scale.

To answer such a fundamental question, theorists developed semi-empirical
methods and the relative contribution of various electron scattering
mechanisms has been understood largely by relying on the semi-empirical
methods based on the theories of Fuchs-Sondheimer and Mayadas-
Shatzkes. The direct measurements of the resistance of individual GBs have
been surprisingly lacking mainly due to technical difficulty to access single
GBs in a nanowire that could not be realized by conventional fabrication
methods using a fixed electrical contacts. Recently, Y. Kitaoka et al. have
observed a resistance change along a damascene Cu interconnect wire with
four-probe scanning microscope. They successfully separated the GB
scattering effect from other scattering sources; however, the direct
correlation between the GB structure and the specific GB resistivity
remained unclear.

Here we present the direct measurement of individual GB resistances and
the critical role of GB structure in the increased resistivity in copper
nanowires with a four-probe scanning tunneling microscope. The
resistances of high symmetry coincidence GBs are then calculated using a
first-principle method, which confirms that the coincidence GBs have
orders of magnitude smaller resistance than those measured at the high-
angle random GBs. As well, to explain high resistivity of random GBs, we
used free-electron-with-random-point-scatterer (FERPS) model. In the
FERPS model, we derived that the specific GB resistivity of random GB is
independent of the specific structures of random GB such as orientation and
is determined entirely by the Fermi wavelength of the bulk.

This research was conducted at the Center for Nanophase Materials
Sciences, which is sponsored at Oak Ridge National Laboratory by the
Office of Basic Energy Sciences, U.S. Department of Energy.

11:20am ET+EM+SS-MoM10 Tunable Coulomb Blockade and Giant
Coulomb Blockade Magnetoresistance in a Double Quantum Dot
System, X.-G. Zhang, Oak Ridge National Laboratory, T Xiang, Chinese
Academy of Sciences

We propose a Hubbard model to describe the tunneling effect of electrons
in a double quantum dot system connected in the parallel circuit
configuration to electrodes. The change in the interdot coupling is shown to
dramatically influence the Coulomb blockade properties. For magnetic
double dots, the interdot coupling can be tuned by the external magnetic
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field, leading to a giant Coulomb blockade magnetoresistance. Possible
detection of this effect in organic systems is discussed.

This research was conducted at the Center for Nanophase Materials
Sciences, which is sponsored at Oak Ridge National Laboratory by the
Office of Basic Energy Sciences, U.S. Department of Energy.

11:40am  ET+EM+SS-MoM11 Quantum Transport in Crossbar
Devices, B. Cook, P. Dignard, K. Varga, Vanderbilt University

Electronic devices with crossbar geometries have recently been fabricated
with nanoscale features (Zhong. et al, Science Vol. 302). Consisting of a
two dimensional grid, devices have been formed with a variety of
components including carbon nanotubes and semiconductor nanowires.
These devices are assumed to operate classically, but as the dimensions of
the device shrink consideration of quantum effects becomes necessary. We
consider a single junction between two wires up to a four by four grid of
wires. Through a series of calculations with atomistic first-principles, tight-
binding and analytic models of multi-terminal devices we demonstrate the
presence of unique behavior, such as interference effects, not present in
classical models. It is expected that exploitation of these effects will useful
in the creation of circuit components.

Graphene and Related Materials Focus Topic
Room: 208 - Session GR-MoM

Graphene Growth
Moderator: D.K. Gaskill, U.S. Naval Research Laboratory

8:20am GR-MoM1 Atomic Layer Growth of Graphene, L. Colombo,
Texas Instruments Incorporated, C. Magnuson, Y. Hao, X. Li, R.S. Ruoff,
University of Texas at Austin INVITED
Graphene has been shown to have unique electronic, chemical and physical
properties over the past few years and this is opening many opportunities
for its use. However, to date most of the experiments have been performed
on graphene exfoliated from natural graphite and the graphene films have
been rather small, hundreds of microns squared. Transport properties
equivalent to those achieved on exfoliated graphene have also been
achieved on layers of graphene on SiC; but this graphene is not easily
transferred to other substrates. There is now a need to develop high quality,
large area single crystal graphene. Li et al. discovered the growth of
graphene on copper metal foils by chemical vapor deposition (CVD) using
methane gas which led for the first time to the growth of meter square
graphene. The current CVD process can indeed grow very large graphene
films but the films are polycrystalline. The domain size for the baseline
process is a few tens of microns in diameter and in principle there is
pathway to achieving much larger domain size films. Large single crystals,
0.5 mm size, have recently been reported and perhaps we can learn from
these results how to extend them to grow even large graphene films with
higher quality. The growth mechanisms of graphene and single crystal
growth of graphene will be presented and discussed together with a
discussion of what the semiconductor industry would need to make
graphene a reality.

9:00am GR-MoM3 Graphene on Ni(111): Growth and Defects, M.
Batzill, University of South Florida, J. Lahiri, Brookhaven National
Laboratory, 1.1. Oleynik, L. Adamska, University of South Florida

Using scanning tunneling microscopy (STM), Auger electron spectroscopy
(AES), and low energy electron microscopy (LEEM) we have investigated
the growth of graphene on Ni(111) surfaces by carbon segregation from the
bulk. We reveal two distinct growth modes for graphene growth. Between
480 and 650 °C graphene forms on clean Ni(111) and below 480 °C
graphene grows by an in-plane conversion of a surface carbide phase [1,2].
This is the first time that graphene formation is observed by transformation
of a surface carbide. STM indicates that a lattice-matched, one-dimensional
in-plane domain boundary between graphene and the carbide forms. In the
presence of the carbide graphene grows by replacing Ni-atoms with carbon
at this interface. In addition to the growth of graphene we will also briefly
discuss atomic-scale defects that can be synthesized in Ni-supported
graphene. Different adsorption configurations of graphene on Ni will result
in domain boundaries that exhibit pairs of pentagonal and octagonal carbon
rings [3]. These line defects have similar electronic properties to graphene
zig-zag edges but without the dangling bonds.

[17 J. Lahiri, T. Miller, L. Adamska, I.I. Oleynik, M. Batzill Nano Lett. 11,
518 (2011)

[2]7J. Lahiri, T. Miller, A.J. Ross, L. Adamska, L.I. Oleynik, M. Batzill New
J. Phys. 13, 025001 (2011).



[3]1 J. Lahiri, Y. Lin, P. Bozkurt, I.I. Oleynik, M. Batzill Nature
Nanotechnol. 5, 326 (2010).

9:20am GR-MoM4 Investigating Graphene Nucleation on C-Face SiC
via Electron Channeling Contrast Imaging and Raman Mapping, J.K.
Hite, J.D. Caldwell, J.L. Tedesco, R.L. Myers-Ward, C.R. Eddy, Jr., D.K.
Gaskill, U.S. Naval Research Laboratory

Epitaxial graphene (EG) has lately garnered enormous interest, due to its
high free-carrier mobility and compatibility with semiconductor processing.
Furthermore, EG RF field effect transistors have been demonstrated.'
Current RF device work has been on the Si face (0001) semi-insulating 6H-
SiC substrates as EG on this face mainly consists of mono- and bilayer
graphene. In contrast, the C-face consists of up to a dozen or more graphene
layers and has a rougher morphology. Even so, there is significant interest
in obtaining few layer, smooth EG on the C-face of SiC due to its superior
mobility (for similar charge density) as compared to growth on the Si-face.
However, the growth mechanism of this material is not well understood.
Recently, it was shown that C-face EG grown in an argon ambient slows the
growth rate and, under certain conditions, results in localized growth of the
graphene on the C-face.” These localized areas, referred to herein as
graphene covered basins (GCBs), create the possibility of investigating the
initial stages and mechanism of graphene growth on the C-face of SiC.

Previously, we had used electron channeling contrast imaging (ECCI) to
investigate GCB morphology as a function of GCB size and growth
conditions for EG growth on C-face SiC.’ Threading screw dislocations
(TSDs) in the SiC substrate were found to be nucleation sites for GCBs.
The TSDs were easily identified at the centers of small EG GCBs (<20 um
diameter). This work shows the evidence that the TSDs fade then disappear
with increasing GCB size, suggesting that as the GCBs grow or coalesce to
larger diameters the TSDs become buried. Concurrently, Raman mapping
experiments determined graphene thickness and quality at GCB genesis; the
maximum graphene thickness for TSD detection in the SiC by ECCI was
also determined. Initial findings with Raman mapping confirm ECCI results
showing that the graphene is thicker in the middle of the GCB. The small
GCBs (<20 pm), which exhibit a strong TSD signal, are comprised of
roughly 3-4 monolayers of graphene in the center, with decreased
thicknesses near the edge. In addition, the Raman 2D spectral linewidth for
these small GCBs were correlated with thickness. Atomic force and
scanning electron microscopy of the same GCBs were used to obtain
correlated morphological details. These results imply that graphene growth
is complex on this polar surface of SiC.

'1.S. Moon et al., IEEE Electron Device Lett. 31, 260, 2010.
?J.L. Tedesco et al., Appl. Phys. Lett. 96, 222103, 2010.
* JK. Hite et al., Nano Lett. 11, 1190, 2011.

9:40am GR-MoM5 Graphene Band Engineering on One-
Dimensionally-Modulated SiC Substrate, K. Nakatsuji, T. Yoshimura,
University of Tokyo, Japan, K. Morita, S. Tanaka, Kyushu University,
Japan, F. Komori, University of Tokyo, Japan

Engineering of the gapless graphene Dirac bands has been studied for
understanding and useful applications of distinctive electronic properties
due to their chiral nature. It has been theoretically shown that the group
velocity of the bands can be tuned anisotropically by external potentials of a
few tens nanometer scale. [1] A three-hold anisotropy of the conical band
was found for a single-layer graphene modified by adsorbed metal clusters
[2] while it was partly masked by the intrinsic trigonal warping of the
bands. Here, we report uniaxial deformation of the Dirac cone of the single-
layer graphene grown on a vicinal SiC(0001) substrate.

In the experiment, single-layer graphenes were thermally made by
annealing in 5 x 10° Torr N, gas at 1970 K for 1 sec on Si-terminated
surfaces of nitrogen-doped 6H- and 4H-SiC(0001) substrates vicinal to the
[1-100] direction. The tilting angle was either 4 degree for the 6H substrate
or § degree for the 4H substrate. The terraces were elongated as confirmed
by scanning tunneling and atomic force microscopes. The terrace widths in
the [1-100] direction were 21 and 13 nm for the 4- and 8-degree-off
substrates, respectively, while the width perpendicular to the [1-100]
direction was commonly 100 nm.

The shapes of the graphene pi and pi* bands were studied using angle-
resolved photoemission spectroscopy (ARPES) at 130 K. The graphene and
reconstructed interface structures were confirmed by low energy electron
diffraction (LEED) before the ARPES measurements, and we adjusted the
orientation of the crystal axes using LEED. The Dirac point was 0.4 eV
below Fermi energy Er as previously observed graphene grown on flat
SiC(0001) substrates. The spectrum width of the graphene on the 8-degree-
off substrate is larger than that on the 4-degree-off substrate because of the
electronic scattering at the curved area of graphene on the substrate step
edges as discussed for the graphene on a SiC(0001)substrate vicinal to the
[11-20] direction. [3]

11

The constant-energy ARPES intensity maps of the pi and pi* bands for the
graphene on the 4-degree-off substrate are trigonally warped, and almost
agree with the previous reports. On the other hand, the intensity maps for
the graphene on the 8-degree-off substrate are significantly elongate in the
[1-100] direction. The group velocity of the pi* band in the G-K direction
parallel to [1-100] is more than 20 % lower than the velocity in the other G-
K directions. The velocity reduces in the direction parallel to the substrate
slope in contrast to the theoretical prediction.[1]

References

1. C.-H. Park, L. Yang, Y.-W. Son, M. L. Cohen, and S. G. Louie, Nat.
Phys. 4, 213 (2008).

2. S. Rusponi, M. Papagno, P. Moras, S. Vlaic, M. Etzkorn, P.M.
Sheverdyaeva, D. Pacile, H. Brune and C. Carbone, Phys. Rev. Lett. 105
246803 (2010).

K. Nakatsuji, Y. Shibata, R. Niikura, F. Komori, K. Morita and S. Tanaka,
Phys. Rev. B82 045428 (2010).

10:00am  GR-MoM6 Graphene Growth on Au(111), J. Wofford,
University of California at Berkeley and Lawrence Berkeley National
Laboratory, E. Starodub, N.C. Bartelt, K. McCarty, Sandia National
Laboratories, O. Dubon, University of California at Berkeley and Lawrence
Berkeley National Laboratory

Studies on the growth of graphene on metal surfaces indicate that the
strength of the interaction between the two materials plays a significant role
in determining the evolution and final properties of the resulting film. A
number of relatively strongly interacting graphene-metal systems, such as —
Ru and —Ir, have been studied comprehensively, but the graphene-Cu
system remains the only comparatively weakly interacting combination to
have been so scrutinized [1]. Comparisons between graphene growth on Cu
and Au provide an opportunity to systematically understand graphene
growth on weakly interacting substrates. For example, both Cu and Au have
low C solubility, but the mismatch between the lattice of graphene aligned
with that of the metal’s (111) surface is substantially larger for Au than for
Cu. To examine what effect these differences have, we used low-energy
electron microscopy (LEEM) to observe graphene growth on Au (111) in
UHV by direct deposition of C from a heated graphite rod. Low-energy
electron diffraction (LEED) analysis of the pre-growth Au (111) surface
showed the characteristic “herringbone” reconstruction peculiar to Au.
Graphene islands nucleate rapidly upon exposure to the C flux, suggesting a
relatively low equilibrium C adatom concentration on the otherwise bare Au
surface. The graphene islands nucleate simultaneously across the surface
with a slight preference for nucleation along Au step edges rather than on
terraces. The nucleation density is substantially higher than previously
observed on other metals, causing inter-island impingement to begin at sub-
micron sizes. Similar to Cu, no island growth due to C precipitation from
the bulk of the Au occurs during sample cooling. We find that the graphene
lattice prefers strongly to be aligned with the Au lattice with a small
minority of the domains rotated by 30 degrees. The prevalence of the
aligned graphene orientation is particularly surprising due to the substantial
lattice mismatch involved and calculations predicting a 30 degree relative
rotation is preferred [2,3]. We draw comparisons between the observed
rotational structure and those predicted by first principle calculations.

Work at Sandia was supported by the Office of Basic Energy Sciences,
Division of Materials Sciences and Engineering, U. S. Department of
Energy under Contract No. DE-AC04-94AL85000. J.M.W. acknowledges
support from the National Science Foundation Graduate Research
Fellowship Program.

[11J. M. Wofford, et al., Nano Lett. 10, 4890 (2010).
[2] M. Vanin, et al., Phys. Rev. B 81, 081408 (2010).
[3]1C. Gong, et al., J. Appl. Phys. 108, 123711 (2010).

10:40am GR-MoMS8 Synthesizing Pristine Epitaxial Graphene and its
Impact on Electronic Properties, V.D. Wheeler, G.G. Jernigan, N.Y.
Garces, L.O. Nyakiti, R.L. Myers-Ward, C.R. Eddy, Jr., D.K. Gaskill, U.S.
Naval Research Laboratory

Epitaxial graphene (EG) enables wafer-scale production needed to realize
graphene-based technologies. Since monolayer graphene is all surface, any
impurities or adsorbed atoms can alter the graphene by doping, acting as
scattering sites which decrease the mobility, and creating additional
resistances that degrade device performance. Also, impurities and resist
residues can increase ohmic contact resistance and impact the ability to
deposit uniform gate dielectrics. Achieving pristine graphene surfaces
allows ultimate control over future interface formations and thus improves
device performance. In this work, an in-situ H, anneal is explored to attain
the pristine epitaxial graphene required to fully realize the advantages of
this material for future electronic applications.
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EG was grown on semi-insulating, on-axis, (0001) 6H-SiC substrates in an
Aixtron VP508 CVD reactor from 1575 to 1650°C for 60 to 180 min.
Initially, samples were grown and cooled in a 100 mbar Ar ambient.
Chemical analysis, using x-ray photoelectron spectroscopy (XPS), of the as-
grown graphene surfaces showed the presence of both O and excess C
impurities. These impurities can dope the EG and reduce the mobility,
suggesting the need for methods to obtain pristine surfaces.

To address this need, several post-growth treatments were studied. Unlike
exfoliated graphene', uncontaminated EG surfaces could not be obtained
using a 400 °C Ar/H, anneal, and wet chemical cleans reduced the surface
impurities. A pristine post-growth EG surface was only accomplished with
a 1300 °C UHV anneal for 30 min.

Ex-situ UHV anneals are not practical for manufacturing graphene devices,
so we explored a new technique incorporating a H, anneal during cool down
from growth temperature. First, EG samples were cooled in Ar from growth
temperature to 1000°C. Next, Ar was evacuated and H, introduced at
constant pressure. Samples were annealed at 1000°C for 30 min., cooled in
H, to 700°C, and then the chamber was evacuated. XPS analysis showed
that the EG samples have no O impurities and reduced excess C impurities
compared to Ar cooled samples. Also, the signal from the interfacial layer*
is reduced, and both the graphene and SiC peaks are shifted to lower
binding energies, suggesting a reduction in strain between the EG and the
SiC substrate. These samples also had a more inert surface, showing only a
small amount of adsorbed O (< 2%) after 3 days in atmosphere. Further, van
der Pauw Hall measurements revealed a 2X increase in mobility over Ar
cooled samples with no change in the sheet concentration magnitude.

1. Ishigami, et. al. Nano Letters 7(6) 1643 (2007)
2. Jernigan, et. al. Nano Letters 9(7) 2605 (2009)

11:00am GR-MoM9 Growth and Characterization of Graphene Films
on Cu(111), Z.R. Robinson, P. Tyagi, H. Geisler, C.A. Ventrice, Jr.,
University at Albany, H. Yang, T. Valla, Brookhaven National Laboratory,
A.A. Bol, J.B. Hannon, IBM T.J. Watson Research Center

Previous studies have shown that monolayer graphene films can be grown
on Cu substrates by the catalytic decomposition of various carbon
containing molecules. These films are typically grown on poly-crystalline
Cu foils, which have a tendency to recrystallize into a {100} texture during
the growth procedure. Since graphene crystallizes in a hexagonal lattice and
the {100} surface of a face centered cubic lattice has a square symmetry,
this is expected to result in multi-domain graphene growth. Because the
Cu(111) surface has hexagonal symmetry and a lattice mismatch of 3.7%
with graphene, growth on this surface termination has potential for
producing films with a lower defect density.

There have been relatively few studies of graphene growth on single crystal
Cu substrates, owing to the fact that hydrocarbon source pressures in the
range of 100 millitorr are needed, which is incompatible with most UHV
systems. In this study, graphene films were grown on Cu(111) substrates by
first preparing the clean surface in UHV by sputtering with inert gas ions
followed by annealing. The sample was then transferred to a conventional
tube furnace where the graphene film was grown by annealing in forming
gas to reduce the surface oxide, followed by annealing in ethylene to
produce the graphene film.

The growth morphology of the graphene overlayer was characterized using
low energy electron microscopy (LEEM) and low energy electron
diffraction (LEED). The LEEM shows a mesa-like surface texture with
relatively flat terraces covered with graphene and valleys between the
terraces with low carbon coverage. Micro-Raman spectroscopy of the
terrace regions produces a signal characteristic of a well-ordered graphene
overlayer, whereas the Raman signal in the valleys is much weaker and
shows a distinct D-peak. The typical lateral dimension of the terraces was
~10 pm. Micro-LEED performed on the terrace sites shows a sharp Moiré
pattern. Conventional LEED, which probes a lateral area of ~1 mm, shows a
ring structure with increased intensity in the six high symmetry directions of
the Cu(111) substrate lattice. This indicates that for this growth procedure
there is a quasi-epitaxial relationship between the graphene overlayer and
the Cu(111) substrate with rotational disorder of the graphene from mesa to
mesa. Synchrotron-based angle-resolved ultraviolet photoelectron
spectroscopy (ARUPS) measurements have been performed to probe the
electronic band structure of the graphene overlayer. A linear dispersion has
been measured in the K direction with the Dirac point located near the
Fermi level.
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11:20am GR-MoM10 Graphene Growth on Cu(111), S. Nie, Sandia
National Laboratories, J. Wofford, University of California at Berkeley and
Lawrence Berkeley National Laboratory, N.C. Bartelt, Sandia National
Laboratories, O. Dubon, University of California at Berkeley and Lawrence
Berkeley National Laboratory, K. McCarty, Sandia National Laboratories
Large area graphene growth on copper foils has attracted considerable
interest because of the low cost and high graphene quality. However,
relatively little is understood concerning the effect of substrate
crystallographic orientation on the morphological evolution of graphene
islands. Complication arises by the fact that the foil surface texture depends
on how the foil is manufactured. In previous work we have examined
graphene growth on the commonly occurring (100) surface of cold-rolled
Cu foil.' However, growth on the Cu(111) surface, another often observed
orientation in textured Cu foil was not studied.

In this work we investigate graphene growth on single crystal Cu(111) in
situ using a carbon evaporator in a low-energy electron microscope
(LEEM). We find that graphene first nucleates at defects and impurities. A
considerable fraction of the islands is misaligned in plane with the substrate,
generating rotational boundaries upon inter-island impingement. Islands are
dendritic with  distinct lobes, similar to those reported on
graphene/Cu(100)." However, instead of each lobe being a graphene sheet
with a different orientation, all lobes in an individual island form a single
crystal. We propose that these dendritic shapes are the result of diffusion-
limited growth. Consistent with this, we find that new island nucleation
caused by an increase in the carbon flux occurs equidistant from existing
islands. Furthermore, we show that the growth velocity of each lobe is
accurately predicted by simulations assuming diffusion limited growth. This
diffusion limited growth is in stark contrast with the large carbon
attachment barriers seen on Ru and Ir? Unlike graphene growth on
Ru(0001) and Ir(111),? large densities of carbon adatoms are not detected
before island nucleation. Temperature plays an important role in the
crystallographic alignment of the graphene film. At high growth
temperature (> 900 °C), graphene islands are found closely aligned with Cu,
while at low temperature (< 800 °C), increased disorder in the orientation of
graphene with respect to Cu(111) is observed in the low-energy diffraction
patterns.

Work at Sandia and LBNL was supported by the Office of Basic Energy
Sciences, Division of Materials Sciences and Engineering, U. S.
Department of Energy under Contracts No. DE-AC04-94AL85000 and No.
DE-AC02-05CH11231 respectively. IMW acknowledges support from the
National Science Foundation Graduate Research Fellowship Program.

1. Wofford, J. M.; Nie, S.; McCarty, K. F.; Bartelt, N. C.; Dubon, O. D.,
Nano Lett., 10, 4890 (2010).

2. Loginova, E.; Bartelt, N. C.; Feibelman, P. J.; McCarty, K. F., New J.
Phys. 10, 093026 (2008).

11:40am GR-MoM11 Epitaxial Graphene Growth on Non-Polar 6H-
SiC Substrates, L.O. Nyakiti, R.L. Myers-Ward, V.D. Wheeler, F.J.
Bezares, N.Y. Garces, J.K. Hite, C.R. Eddy Jr., J.D. Caldwell, D.K. Gaskill,
U.S. Naval Research Laboratory

Graphene has attracted recent interest due to its unique electronic
properties. Epitaxial graphene (EG) grown on different planes of 6H-SiC
can have different morphological and electrical properties. For example, EG
grown on the (0001) plane produces single or bilayer regions, step bunched
heights of 5-10nm and lower carrier mobility compared to EG on the (000-
1) plane that produces multilayer EG with ridge heights up to 80nm. Step
bunching introduces conduction anisotropy’ and poses a challenge to
lithography at <100nm. To mitigate step heights and improve carrier
mobility, we studied the formation of EG on non-/semi-polar surfaces,
specifically the (10-10), (11-20), and (03-312). Here, we show the
morphology of EG on these non-traditional planes is improved by an order
of magnitude compared to vicinal plane growths.

EG samples (16x16mm?®) were synthesized on non-polar (10-10), (11-20),
and (03-312) substrates. Growth was carried out in an Aixtron VP508
chemical vapor deposition reactor. Prior to EG growth, substrates
underwent an in situ H, etch at 1520°C for 50min., producing a controlled
nucleating surface with average RMS of 0.1nm. Subsequent EG growth was
conducted under a flowing Ar ambient of 20 standard liters per minute at
100mbar. Micro-Raman spectroscopy contour mapping was used to confirm
the presence, thickness and strain variation of EG. Atomic force microscope
(tapping mode) and scanning electron microscope was used to extract
surface morphology variations.

Initial results show that 15min. of EG growth on (10-10) non-polar surface
has horizontal wrinkles, indicative of multiple layers of graphene, peak-to-
valley heights <5nm, and an RMS of ~0.73nm from a 10x10um* AFM scan.
Growth on (11-20) non-polar plane showed the presence of wrinkles (~3nm
in height) and an average RMS of 1.Inm. Both (10-10) and (11-20) plane
EG do not show the step bunch and terrace morphology typically associated
with polar surfaces. While uniform terraces on the (0001) face can be up to



several um wide, the (10-10) and (11-20) plane exhibits smaller terrace
widths ~75 and ~115nm, respectively. Finally, EG grown on high order (03-
312) plane was observed to have wrinkles as well as vertical ridges that
were preferentially oriented parallel to each other and an average RMS of
1.17nm. The distance between the successive ridge peaks was ~500nm.
Compared to the RMS values of 2.3 and 3.7nm for EG on (0001) and (000 )
planes, respectively, all EG films grown on non-/semi-polar orientations
were markedly smoother. This work shows that the morphology of EG can
potentially be controlled using different SiC orientations.

1.Yakes, M. Y., et al Nano lett. 10, 1559 (2010)

In Situ Spectroscopy and Microscopy Focus Topic
Room: 106 - Session IS+AS+SS-MoM

In Situ Studies of Catalysis and Gas-Solid Reactions
Moderator: G. Rijnders, University of Twente, the
Netherlands

8:20am IS+AS+SS-MoM1 In Situ X-ray Studies of Model and Real
Catalysts: Bridging the Complexity Gap, A.I. Frenkel, Yeshiva
University INVITED
In the last decade, there was a surge in advanced characterization methods
to study catalytic materials at work. Most notable innovations in
synchrotron-based techniques include the coupling of in situ/operando x-ray
absorption and scattering methods to vibrational spectroscopies, empowered
by improved time and energy resolutions. For example, in situ XAFS-XRD
combination enables complementary studies of short and long range order
in the same system, a great tool when multiple spatial dimensions evolve in
a certain process, such as: modifications of both the catalyst and the support
during catalytic reaction, the nucleation and growth of a nano-catalyst,
oxidation/reduction of a bulk oxide. Combining in situ XAS or XRD with
infrared or Raman spectroscopy is critical for understanding how the
structural and electronic properties of a catalyst relate to its reactivity.

Although these are important new improvements in the way we currently
study, and understand, processes in nanomaterials, they are done by
methods that are not sensitive to local fluctuations in size, shape, structure
of nanomaterials, that are present even in well-defined, model catalysts.
Thus, in addition to the ensemble averaging that these and other commonly
used methods provide, local information, such as one provided by electron
microscopy, is needed. In this talk, I will focus on the new efforts in
combining the local and average information by coupling the in situ x-ray
absorption spectroscopy to in situ environmental transmission electron
microscopy (E-TEM) for in situ investigations. Such experiments, done in
two separate facilities (NSLS and CFN) at Brookhaven National
Laboratory, revealed anomalous, mesoscopic phenomena in the electronic,
structural and thermal properties of supported Pt nanoparticles. These
systems have long been excellent model systems in catalysis research, yet,
at a closer look, as our in situ measurements demonstrated, they turned out
to be much more unstable and complex then previously perceived. These
clusters exhibited unique physical properties, such as negative thermal
expansion, increase in the Debye tempeature, broad amorphous-to-
crystalline transition zone, large surface strain, as well as charge exchange
with support and adsorbates.

I will review recent works showing how such complex behaviors can be, in
the case of Pt on g-alumina and carbon supports, theoretically understood
by separately studying the effects of their size, shape, support and
adsorbates.

9:00am IS+AS+SS-MoM3 Communicating Nanostructures: Spillover
Processes Studied on Ceria-supported Platinum Nanoparticles, M.
Happel, Friedrich-Alexander-Univ. , Germany, Y. Lykhach, T. Staudt,
Friedrich-Alexander-Univ., Germany, N. Tsud, Charles Univ., Czech
Republic, 7. Skdla, K.C. Prince, Sincrotrone Trieste, Italy, V. Matolin,
Charles Univ., Czech Republic, 4. Migani, Univ. de Barcelona, Spain, G.P.
Petrova, Univ. of Sofia, Bulgaria, 4. Bruix, F. lllas, K.M. Neyman, Univ. de
Barcelona, Spain, G.N. Vayssilov, Univ. of Sofia, Bulgaria, J. Libuda,
Friedrich-Alexander-Univ. Erlangen-Nuremberg, Germany

Ceria-based catalysts are technologically important for various applications,
including automotive catalysis, SOy scrubbers, and hydrocarbon
transformation reactions. The complex surface chemistry and reaction
kinetics in these systems are assumed to be strongly influenced by so-called
metal-oxide (MO) interactions. We use a surface science-based model
approach to obtain detailed insight into the origins of such effects at the
microscopic level.

The model catalysts are based on ordered CeO,(111) films on Cu(111), on
which noble metal nanoparticles (e.g. Pt) are grown by PVD under UHV
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conditions. The growth and geometric structure of the model catalysts are
characterized by STM. Adsorption and reaction are followed by XPS,
synchrotron radiation photoelectron spectroscopy (SR-PES), IRAS, and
molecular beam (MB) methods, in combination with DFT calculations.
Resonant PES (RPES) is used to monitor the changes in the cerium
oxidation state with high sensitivity.

Two types of MO interaction are identified, electron transfer from the Pt
nanoparticle to the support, and oxygen transfer (spillover) from ceria to Pt.
Whereas electron transfer occurs on ceria supports irrespective of their
morphology, oxygen transfer shows a pronounced structure dependency, i.e.
it requires the presence of nanostructured ceria aggregates in close contact
with Pt.[1]

Not only oxygen spillover, which is a key step in oxidative-self cleaning of
carbon-poisoned catalysts, but also spillover and reverse-spillover of
hydrogen and hydrocarbon fragments can be followed in detail by RPES. A
particularly complex behavior is expected for SOy, for which strong MO
effects and spillover have been suggested in previous studies on powder
catalysts. On the Pt-free model support we identify different sulfur species
forming upon SO, exposure even at 150 K (sulfites, atomic sulfur, and
potentially sulfates), formed via different adsorption, decomposition and
disproportionation pathways. At higher temperature, these species transform
into a bulk-like cerium oxysulfide. For interpretation of the sulfur-chemistry
on Pt/CeO,, reference experiments on Pt(111) were performed and
numerous SOy species were identified by IRAS and SR-PES. RPES for SO,
adsorption on Pt/CeO, provides direct evidence for spillover of SO to the
Pt nanoparticles above 300 K. Between 300 K and 600 K Pt acts as a
"sulfur-collector", before at even higher temperatures sulfur is finally
transformed into a cerium oxysulfide species.

[1] G. Vaysillov, Y. Lykhach, A. Migani, T. Staudt, G.P. Petrova, N. Tsud,
T. Skala, A. Bruix, F. Illas, K.C. Prince, V. Matolin, K.M. Neyman, J.
Libuda, Nat. Mater. 2011, 10, 310.

9:20am IS+AS+SS-MoM4 HPXPS Study of the Oxidation of 10 nm
PdAg Nanoparticles, S. Blomberg, J. Gustafson, N.M. Martin, M.E.
Messing, K. Deppert, J.N. Andersen, Lund University, Sweden, L.E. Walle,
A. Borg, Norwegian University of Science and Technology, Norway, H.
Gronbeck, Chalmers University of Technology, Sweden, M.E. Grass, Z.
Liu, Lawrence Berkeley National Laboratory, E. Lundgren, Lund
University, Sweden

Due to the economic and environmental rewards, one goal in catalysis
related research is to create cheaper catalysts. One way to realize this is to
dilute the more expensive active catalyst material with a less costly one.
This requires that the active material stays at the surface. This could be
achieved by using a material which is less prone to interact with the reactant
gases, such as a noble metal. In most catalysts, the active material is
dispersed in a high area complex oxide support as nanoparticles. In order to
maintain the high activity, it would be necessary to ensure that the active
material is at the surface of the nanoparticle.

In the present contribution we report on our initial findings from attempts to
produce PdAg alloy particles using an aerosol deposition technique [1]. The
particles have a diameter of 10 nm distributed over a SiO, wafer. The
samples was characterized by high pressure XPS, SEM and TEM as was
done previously for aerosol Pd particles [2,3]. By comparing to XPS data
from a single crystal Pd;sAg,s(100) and from The X-ray Energy Dispersive
Spectoscopy (XEDS) analysis we show that the PdAg particles have a
similar alloy composition.

The in-situ high pressure XPS data from the 10 nm PdAg particles
demonstrates that the Pd segregates to the surface in an oxygen rich
environment and that the core of the particles are rich in Ag. Although a
thin PdOx shell is formed, bulk oxidation is inhibited. The limited oxide
formation is promising for the full oxidation of methane, since recent
investigations [4] suggest that the PdO is less active for methane oxidation
than the metallic Pd.

[11 M. E. Messing, K. A. Dick, L. R. Wallenberg, K. Deppert, Gold Bull. 42
(2009) 20.

[2] M. E. Messing et al, J. Phys. Chem. C. 114 (2010) 9257 .

[3] R. Westerstrom et al, Phys. Rev. B. 83, (2011) 115440.

[4]A. Hellman et al., submitted.

9:40am IS+AS+SS-MoM5 New Assignment for Ag(IIl) from In Situ
XPS of Highly Oxidized Silver Films, 7T.C. Kaspar, T. Droubay, S.A.
Chambers, Pacific Northwest National Laboratory, P.S. Bagus, University
of North Texas

For decades, it has been a goal to elucidate the mechanisms behind the
unique chemistry of both oxygen-exposed silver metal and silver oxides.
Silver compounds in bulk, thin film, and nanoparticle form are widely
investigated for applications including industrially-relevant catalysis,
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electrochemistry, transparent conducting oxides, and antimicrobial coatings.
Determining the chemical state of both silver and oxygen is critical to
developing a mechanistic understanding of the remarkable properties of
these materials. Ex situ x-ray photoelectron spectroscopy (XPS) has been
applied, starting in the 1970’s, to determine the chemical state of Ag in
various silver metal and silver oxide compounds. In contrast to most
elements, Ag*” (x>0) cations exhibit a negative binding energy (BE) shift
relative to metallic Ag(0); thus, the lowest XPS core level binding energy
observed for the Ag 3d peak, 367.3 eV, has been assigned to Ag(Ill) in AgO
[Ag(DAg(1I1)O,]. However, the XPS analysis has been hindered by the ease
with which silver oxides form carbonate species upon atmospheric
exposure, as well as the instability of silver oxides in vacuum. In this work,
silver oxide films have been formed under very oxidizing conditions, by
molecular beam epitaxy (MBE) deposition of silver metal in the presence of
activated oxygen. /n situ XPS was then collected in an appended chamber.
For the most highly oxidizing deposition conditions, a substantially lower
BE, 366.8 eV, was found for the Ag 3d peak, with an associated satellite
located at 368.2 eV. This oxide species proved unstable in vacuum over
several days, but could be recovered by further exposure to activated
oxygen. Based on the decomposition behavior of the Ag 3d and O ls
spectra, the low BE species was assigned as Ag(Ill), while the previous
peak position for Ag(Ill) was re-assigned as Ag(I). These assignments are
supported in part by electronic structure calculations predicting the
photoemission spectra of Ag(Ill). The combination of highly oxidizing
deposition conditions and in situ characterization allowed identification of
the true Ag(IIl) XPS spectrum for the first time.[1]

[1] T.C. Kaspar, T. Droubay, S.A. Chambers, and P.S. Bagus. J. Phys.
Chem. C 114 21562 (2010).

10:00am IS+AS+SS-MoM6 The Oxidation of Methane Over Pd, 4.
Hellman, Chalmers Univ. of Tech., Sweden, 4. Resta, European Synch.
Rad. Fac., France, J. Gustafson, N.M. Martin, Lund Univ., Sweden, A4.
Trinchero, P.-A. Carlsson, Chalmers Univ. of Tech., Sweden, O. Balmes,
European Synch. Rad. Fac., France, J.N. Andersen, Lund Univ., Sweden, R.
Feici, European Synch. Rad. Fac., France, E. Lundgren, Lund Univ.,
Sweden, H. Gronbeck, Chalmers Univ. of Tech., Sweden

An important goal in surface science is to provide fundamental information
on gas-surface interactions for the design of cheaper and more efficient
catalysts. For this purpose, the required minimum knowledge is the
composition of a catalyst for a certain reaction under realistic reaction
conditions. Although this information seems trivial it is surprisingly
difficult to obtain due to the complex structural nature of a real catalyst and
the sometimes high temperatures and pressures under reaction conditions.

In the case of the complete oxidation of methane using Pd as the catalyst,
pure Pd metal, Pd surface oxides and bulk PdO have all been reported to be
most efficient to convert CH4 into CO2 and H2O [1-5]. This highlights the
complexity of catalysis even for a relatively simple catalytic reaction.

In order to shed some light on the state of Pd during complete methane
oxidation, we have performed in-situ Surface X-Ray Diffraction (SXRD)
over a Pd(100) surface in a realistic reaction environment combined with
DFT calculations. Our study demonstrates that significant roughening of the
surface occur during the reaction, which increases the active surface area
and thus affects the overall reactivity. Nevertheless, our study strongly
suggests that the Pd metal is the most active phase for the full oxidation of
methane.

[1] R. Burch, P. K. Loader, and F. J. Urbano, Catalysis Today 27 (1996)
243.

[2] R. F. Hicks, H. H. Qi, M. L. Young, and R. G. Lee, J. Catal. 122 (1990)
280.

[3] M. Lyubovsky and L. Pfefferle, Catalysis Today 47 (1999) 29.
[4] S. Oh, P. J. Mitchell, and R. Siewert, J. Catal. 123 (1991) 287.
[517. G. McCarthy, Catalysis Today 26 (1995) 283.

11:00am  IS+AS+SS-MoM9 The New Ambient Pressure X-ray
Photoelectron Spectroscopy Instrument at MAX-lab - An Instrument
also for Ultrahigh Vacuum Studies, J. Schnadt, J. Knudsen, A,. Pietzsch,
N. Johansson, A. Olsson, F. Hennies, Lund University, Sweden, N.
Martensson, H. Siegbahn, Uppsala University, Sweden, J.N. Andersen,
Lund University, Sweden

Ambient pressure x-ray photoelectron spectroscopy (APXPS) is a
technique, which dates back to the 1970s and 1980s, but which only during
the past ten years has developed a very significant impact, driven forward
especially by groups at the Advanced Light Source and BESSY. APXPS
makes possible x-ray photoelectron spectroscopy (XPS) measurements
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under realistic or close-to realistic conditions, while conventional XPS is
limited to vacuum conditions of 10® mbar or better. APXPS thus
contributes to closing the “pressure gap” of surface science, which has
inhibited the understanding of processes and chemical reactions, for which
the chemical potential of the gas atmosphere plays a decisive role. It also
renders possible experiments on samples with a large vapour pressure, such
as liquids or solid samples with a high degasing rate. Today, there exist a
number of APXPS instruments around the world, including a small number
of systems at synchrotrons. Common to these instruments is that they
perform well at elevated pressures, but none of them is specifically
designed to also allow studies under ultrahigh vacuum conditions. This
complicates the connection to results from ultrahigh vacuum studies.

A new instrument for APXPS has just been installed at beamline 1511 of the
Swedish Synchrotron Radiation Facility MAX-lab. This instrument, which
has been delivered by SPECS GmbH, Berlin, Germany, and which makes
use of a PHOIBOS 150 NAP analyser, has been developed with the
particular aim of building a strong link between ultrahigh vacuum and
ambient pressure experiments and science. The instrument is capable of
performing XPS measurements on the same sample in both types of
environment. This is made possible by a unique design, which is based on
the use of a retractable ambient pressure cell. For ambient pressure
measurements at pressures of around 0.1 to 10 mbar the cell is docked to the
electron energy analyser. Once the sample is loaded the cell is locked, and
the only leak to the vacuum is through the nozzle of the analyser’s lens
system. Hence, even during ambient pressure measurements the vacuum
remains intact in the analysis chamber. For UHV measurements the cell
together with the nozzle is retracted into a separate chamber, and UHV XPS
measurements can be performed normally. This entails also another
attractive feature of the instrument, namely, that the high pressure cell
easily can be replaced by dedicated cells for other sample environments.

In this contribution the design and concept of the APXPS instrument at
MAX-lab will be discussed and first results shown. Also plans for an
upgraded and dedicated new beamline at MAX-lab will be presented.

11:20am IS+AS+SS-MoM10 In Situ XPS and STM Studies of Ge,Hg
Interactions with the Si(100) Surface, S. McDonnell, J.F. Veyan,
University of Texas at Dallas, J. Ballard, J.H.G. Owen, J.N. Randall, Zyvex
Labs, Y.J. Chabal, R.M. Wallace, University of Texas at Dallas

We present a study of the reactions between Ge2H6 and Si(100) surfaces.
Ge2H6 is a potential precursor that could allow atomic layer epitaxy (ALE)
on Ge(100) and Si(100) surface [1,2] which will be a vital component for
atomically precise manufacturing (APM). We investigate the effects of
various growth conditions such as substrate temperature, dosing pressure
and post deposition annealing. We study the formation of seed layers for
ALE along with the reactions on both the atomically clean and the hydrogen
passivated surfaces, were we see evidence of Ge2H6 reacting with the
dangling bonds.

To facilitate these studies, we utilize a UHV deposition/characterization
tool. Chemical analysis of the surfaces is achieved using in-situ x-ray and
ultraviolet photoelectron spectroscopy. Differences in the chemical states of
germanium present on the surface under the various growth conditions are
indentified. This analysis is supplemented by in-situ scanning tunneling
microscopy, which allows us to monitor the growth of germanium on
silicon and confirm 2D or 3D growth. Comparisons a made with similar
experiments carried out in a different UHV chamber where the surface is
characterized with Fourier transform infrared spectroscopy (FTIR) and
shows evidence of the digermane reacting with the surface at 173K as
Ge2HS5 rather than GeH3.

This material is based upon work supported by the Defense Advanced
Research Project Agency (DARPA) and Space and Naval Warfare Center,
San Diego (SPAWARSYSCEN-SD) under contract N66001-08-C-2040. It
is also supported by a grant from the Emerging Technology Fund of the
State of Texas to the Atomically Precise Manufacturing Consortium.

[1] D.-S. Lin, K.-H.Huang, T.-W. Pi, and R.-T. Wu. Phys. Rev. B, 54 16
(1996) 958

[2] K.-H.Huang, T.-S. Ku, and D.-S. Lin Phys. Rev. B, 56 8 (1997) 4878



Marine Biofouling Focus Topic
Room: 105 - Session MB-MoM

Interfacial Aspects of Marine Biofouling
Moderator: D. Barlow, Naval Research Laboratory

8:20am MB-MoM1 Fouling in the Face of a "Little" Surface
Roughness, R. Lamb, A. Wu, K. Cho, H. Zhang, The University of
Melbourne, Australia INVITED
Nano-engineered superhydrophobic surfaces have been investigated for
potential fouling resistance properties. Integrating hydrophobic materials
with nanoscale roughness generates surfaces with superhydrophobicity that
have water contact angles (0) in excess of 160° and low hysteresis (< 10°).

Small angle x-ray scattering (SAXS) was used to investigate the presence of
air incursions at immersed superhydrophobic interfaces with varying
nano/microscale architecture. This technique, sensitive to local changes in
electron density, looks at the nanoscale wetting of the rough interface.

Three superhydrophobic coatings differing in their chemical compositions
and architecture were analyzed using SAXS and tested against major
fouling species (Amphora sp., Ulva rigida, Polysiphonia sphaerocarpa,
Bugula neritina, Amphibalanus amphitrite) in settlement assays.

Varying extents of attachment-inhibiting properties were observed across
the tested coatings and appeared to correlate with the resistance to
nanowetting rather than macroscopic contact angle measurements.

9:00am MB-MoM3 Chemistry Depending Surface Conditioning and
its Implication for Colonization by Microorganisms, I. Thomé,
Karlsruhe Inst. of Tech. (KIT), Germany, M.E. Pettitt, University of
Birmingham, UK, S. Kirchen, T. Schwarz, S. Heissler, Karlsruhe Inst. of
Tech. (KIT), Germany, M.E. Callow, J.A. Callow, Univ. of Birmingham,
UK, G. Swain, Florida Inst. of Tech., M. Grunze, A. Rosenhahn, Karlsruhe
Inst. of Tech. (KIT), Univ. of Heidelberg, Germany

Biofouling is a ubiquitously occurring phenomenon in tidal zones
worldwide [1]. To prevent unwanted effects caused by biofouling, suitable
non-toxic coatings for these environments are required. Changing the
surface chemistry and the composition of a coating changes not only its
properties but also the formation and composition of a conditioning layer.
We use self-assembled monolayers (SAMs) on gold as highly controlled
surface chemistries which allow to fine tune the physicochemical surface
properties. In order to correlate colonization with surface conditioning, we
varied the surface chemistry and thus their wetting properties. In agreement
with previous work, chemical termination of the surface affects not only the
settlement kinetics of spores of the macrofouler Ulva linza [2] but also the
settlement of other species. As different SAMs have different affinity
towards macromolecules, settlement is controlled by both, surface
chemistry itself and an adsorbed conditioning layer. To disentangle both
effects, formation of conditioning layers depending on the surface
chemistry was investigated in greater detail by spectral ellipsometry and
IRRAS. Organism settlement is significantly changed if pristine chemistries
are compared to conditioned surfaces.

[1] M.E. Callow, J.A. Callow, J.D. Pickett-Heaps, R. Wetherbee, “Primary
Adhesion of Enteromorpha (Chlorophyta, Ulvales) Propagules: Quantitative
Settlement Studies and Video Microscopy”, J. Phycol., 1997, 33, 938.

[2] M. E. Callow, J. A. Callow, L. K. Ista, S. E. Coleman, A. C. Nolasco, G.
P. Lopez, “Use of self-assembled monolayers of different wettabilities to
study surface selection and primary adhesion processes of green algal
(Enteromorpha) zoospores*, Appl. Environ. Microbiol., 2000, 66, (8), 3249-
3254.

9:40am MB-MoMS5 Probing Molecular Details of Marine Bioadhesion
with In Situ Infrared Spectroscopy, A.J. McQuillan, University of Otago,
Dunedin, New Zealand INVITED
The critical step which triggers biofouling at interfaces is the initial
adhesion of an invading species to a solid substrate. Of less importance in
what occurs thereafter is growth of the species under the infuence of
nutrients and with the protection of its more sheltered environment.
Understanding the factors determining the propensity of species to adhere to
substrates is the key to developing new strategies aiming to more effectively
inhibit the development of biofouling in many contexts.

Much of the thinking about biofilm formation and the adhesion of
biological species to surfaces has been extrapolated from macroscopic
observations about the aggregation of colloids. This has been largely based
on the interplay between attractive dispersion forces and repulsive
electrostatic forces and has given rise to adhesion descriptions in terms of
reversible and irreversible stages. A major advance has been the use of in
situ atomic force microscopy (AFM) to measure forces during adhesion of
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microbes to substrates and evaluate their environmental influences.
Nevertheless, this approach is unable to provide in situ molecular details of
the chemical components which are suspected to play major roles in
adhesion processes.

Vibrational spectroscopy is powerful to reveal the identity and
environmental details of molecules in wet interface environments.
Vibrational sum frequency spectroscopy and infrared spectroscopy are
increasingly thus employed. However, attenuated total reflection infrared
(ATR-IR) spectroscopy has the advantages of relative simplicity and greater
general familiarity in spite of its use for wet surface situations having only
recently been recognised. The ATR-IR approach employs total internal
reflection at a high index refraction crystal such as ZnSe or diamond
resulting in an evanescent wave sampling a few micrometers of material.

In this talk I will outline the principles of the ATR-IR method and how we
have adapted them for studies of initial settling of live marine organisms
settling onto surfaces under controlled temperature and environment
conditions. Observations from recently published work on the settling of
Perna canalicula mussel larvae and Undaria pinnatifida kelp spores will be
presented and prospects for breakthrough studies of the settling and
propagation of the feshwater diatom Didymosphenia geminata, invasive to
New Zealand, will also be discussed.

10:40am MB-MoMS8 Relationships between Cement Production Cycles
and Adhesive Strength of the Barnacle Balanus Amphitrite, D.K.
Burden, D.E. Barlow, U.S. Naval Research Laboratory, B. Orihuela, D.
Rittschof, Duke University Marine Laboratory, K.J. Wahl, U.S. Naval
Research Laboratory

Marine organisms attach themselves to a wide variety of submerged
surfaces. The barnacle is one of the most pervasive and persistent species to
do so, securing itself by forming a thin film of permanent proteinaceous
adhesive. For hard-shelled acorn barnacles like Balanus amphitrite, this
process involves the recurring sequential release of two major secretions at
the adhesive interface. We show that as the barnacle grows laterally, one of
these cement precursor solutions, CPS1, is released on a fairly continuous
basis, while the other, CPS2, is released cyclically. By utilizing the
differences in secretion patterns, we have begun to deconvolve the
contributions of these cement precursors to adhesion. Barnacles were
resettled on CaF, substrates and release of the components at the interfaces
was distinguished by optical and fluorescence microscopy. Shear
detachment measurements of resettled barnacles showed that the release of
CPS2 into the interface corresponded with a roughly twofold increase in
adhesion versus CPS1 alone. AFM and FTIR also showed distinct
differences in morphology, protein conformation, and chemical
functionality for the CPS mixture versus CPS1. Possible ways in which the
two components contribute to barnacle adhesion will be discussed based on
these results.

11:00am  MB-MoM9 Micro to Nanostructured Stimuli-Responsive
Surfaces for Study and Control of Bioadhesion, G.P. Lopez, Duke
University

This contribution will present recent results on the development and study
of bioadhesion on stimuli responsive surfaces that are patterned on lateral
length scales of the order of 10 microns and below. These length scales are
commensurate with the sizes of the smallest creatures known to be
problematic in marine biofouling. Model stimuli responsive surfaces
include patterned polymer brushes and model marine organisms include
marine bacteria grown in culture. Our previous studies have demonstrated
that stimuli responsive materials can be used to control the adhesion of
model marine organisms and this presentation will provide our latest
advancements in this line of study, as regards to both molecular and cellular
biointerfacial phenomena. Methods for preparing nanopatterns of stimuli
responsive polymer brushes over areal scales necessary for biofouling
studies will be presented, along with characterization of their structure and
dynamic behavior.

11:20am MB-MoM10 Surface Topographic Features to Control
Biofouling, L. Xiao, University of Heidelberg, Germany, M. Rohrig,
Karlsruhe Institute of Technology, Germany, S.E. Thompson, M.E. Callow,
J.A. Callow, University of Birmingham, UK, 4. Rosenhahn, M. Grunze,
University of Heidelberg, Germany

Marine biofouling is the undesirable accumulation of microorganisms,
plants and animals on artificial surfaces immersed in the sea [1]. The
increased hydrodynamic drag caused by fouling leads to higher operating
costs of vessels. Studying the interaction between marine organisms and
surfaces enhances the development of environmentally compatible
approaches to control fouling [2]. Surface microtopography has been found
to influence the settlement of cells and larvae [3]. We have studied the
influence of surface topographic features on the biofouling process.
Honeycomb gradient structures, inspired by the pattern found on the skin of
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the pilot whale [4], were obtained by a hot embossing process, and the
effect on the density of spores of the green alga Ulva that attached in
laboratory assays was quantified. Spore settlement density was higher on
the microstructured gradients than the smooth background. The highest
density of spores was found when the size of the microstructures was
similar to or larger than the size of a spore. With decreasing size of the
honeycombs, spore settlement decreased to a level similar to that on the
smooth background. In line with the results from the Brennan group [5],
spore settlement correlated with Wenzel roughness.

[1] D. M. Yebra, S. Kiil, K. Dam-Johansen, “Antifouling technology — past,
present and future steps towards efficient and environmentally friendly
antifouling coatings”, Progress in Organic Coatings, 2004, 50, 75-104.

[2] M. E. Callow, J. A. Callow, "Marine biofouling: a sticky problem",
Biologist, 2002, 49, (1), 1-5.

[3] A. J. Scardino, R. de Nys, "Mini review: Biomimetic models and
bioinspired surfaces for fouling control", Biofouling, 2011, 27, (1), 73-86.

[4] X. Cao, M. E. Pettitt, F. Wode, M. P. Arpa Sancet, J. Fu, J. Ji, M. E.
Callow, J. A. Callow, A. Rosenhahn, M. Grunze, “Interaction of zoospores
of the green alga Ulva with bioinspired micro- and nanostructured surfaces
prepared by polyelectrolyte layer-by-layer self-assembly”, Adv. Funct.
Mater., 2010, 20, 1984-1993.

[5] M. L. Carman, T. G. Estes, A. W. Feinberg, J. F. Schumacher, W.
Wilkerson, L. H. Wilson, M. E. Callow, J. A. Callow, A. B. Brennan,
“Engineered antifouling microtopographies — correlating wettability with
cell attachment”, Biofouling, 2006, 22, (1-2), 11-21.

11:40am MB-MoM11 Biofouling: It's a Rough Business, 4. Wu, R.
Lamb, A. McDonald, The University of Melbourne, Australia

The effect of minute changes in nanoengineered superhydrophobic surfaces
on the attachment behaviour of several fouling species (dmphora sp., Ulva
rigida, Bugula neritina) was investigated.

Superhydrophobic surfaces were fabricated from latex-templated silica sol-
gels'. Nanoscale features of the surfaces were varied using two building
blocks; silica nanoparticles ranging from 7 — 40 nm and PMMA templating
latex ranging from 400 — 800 nm. The combination of these building blocks
affords various roughness changes at the nanoscale. In maintaing surface
chemistry identical, all fabricated surfaces exhibited superhydrophobic
characteristics.

Attachment assays of each surface were conducted and a large variation in
attachment-inhibition behaviour was observed. Correlating this behaviour
against measured AFM roughness suggests that an intricate relationship
exists between surface roughness and attachment behaviour. Data indicate
that surface fabricated using small nanoparticles (7 nm) coupled with large
templating latexes and high RMS roughness (> 130 nm) exhibited
significant attachment inhibiting behaviour. This set of criteria also
conforms to the definition of a fractal surface, where self-similarity is
present different length scales.

Coupled with previous work® that linked pseudo-fractal dimension with
nanowetting, this work strongly suggests that resistance to nanowetting has
a key influence on attachment of marine organisms.

1 Cho, K. L., Wu, A. H. F., Lamb, R. N. & Liaw, 1. I. The Journal of
Physical Chemistry C 114, 11228-11233, (2010).

2 Zhang, H., Lamb, R. N. & Cookson, D. J. 4Applied Physics Letters 91,
254106, (2007).

Nanomanufacturing Science and Technology Focus
Topic
Room: 207 - Session NM+MS+NS+TF-MoM

ALD for Nanomanufacturing
Moderator: B. Lu, AIXTRON Inc.

9:00am NM+MS+NS+TF-MoM3 Industrialization of Atomic Layer
Deposition: From Design to Deposition, J.S. Becker, A. Bertuch, R.
Bhatia, L. Lecordier, G. Liu, M. Sershen, M. Sowa, R. Coutu, G.M.
Sundaram, Cambridge NanoTech, Inc. INVITED
The demonstrated benefits provided by Atomic Layer Deposition (ALD) in
producing films of exceptional uniformity, and conformality, has set the
stage for its use in large area, batch processing, and Roll-to-Roll
applications. In this work we discuss the use of Computational Fluid
Dynamics (CFD) as a means of gaining insight into the system performance
of such industrial instruments, but also as a technique for refining system
design. Additionally we describe the basic underpinnings of design for ALD
systems operated under atmospheric conditions, (for Roll-to-Roll use),
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along with the design factors which must be considered for zone separated
ALD methods. Finally we will present film results taken from a zone-
separated ALD system, and discuss the salient aspects of the deposition
process.

9:40am NM+MS+NS+TF-MoM5 Improved MOS Characteristics of
Ce0,/La,0; and MgO/La,0; Gate Stacks Prepared by ALD, 7. Suzuki,
M. Kouda, Tokyo Institute of Technology and AIST, Japan, K. Kakushima,
P. Ahmet, H. Iwai, Tokyo Institute of Technology, Japan, 7. Yasuda, AIST,
Japan

La,O; is one of the candidate materials for the next-generation high-k gate
stacks because it can achieve sub-1 nm EOT by forming direct-contact La
silicate with Si. There have been many ALD studies for La,0;, however, the
performance of the MOSFETs incorporating ALD-La,O; needs much
improvement. Our previous studies using EB evaporation showed that
capping the La,0; dielectrics with an ultrathin layer of CeO, or metallic Mg
(~1 nm) effectively improved the channel mobility [1,2]. In this paper, we
report fabrication of CeO,/La,0; and MgO/La,0; gate stacks by ALD/CVD
for the first time, and demonstrate that these stacks show improved
electrical properties (k value, channel mobility, etc.) as compared to single-
layer ALD-La,0;.

The experiments were carried out using a multi-chamber ALD/CVD system
which was capable of in-situ metallization and RTA. The CeO,/La,0; and
MgO/La,0; gate stacks were formed on H-terminated Si(100) using
Ce[OCEt,Mely, La('PrCp)s, and Mg(EtCp), metal sources. La,O; and MgO
films were formed by ALD using H,O as an oxidant. The ALD temperature
was set at a relatively low temperature of 175°C in order to ensure the self-
limiting growth [3]. CeO, films were formed in the CVD mode via thermal
decomposition of Ce[OCEt,Me], at 350°C. The gate electrodes were formed
by sputtering of W. MOSFETSs were fabricated by the gate-last process.

The effective k values for the CeO,(1nm)/La,0s;(3nm) and
MgO(0.8nm)/La,0;(4nm) stack capacitors were approximately 16, which
was significantly larger than those for La silicate without any capping layer
(k=10~12). The k-value improvement by the CeO, capping is presumably
due to the higher k value of CeO, (~23), whereas the improvement by the
MgO capping is ascribed to suppression of excessive La-silicate formation.

We have also found that the CeO,/La,O; gate stack leads to excellent
mobility characteristics. The mobility for the MOSFET with 1.43 nm EOT
was 214 cm?/Vs at an effective field of 1.0 MV/cm, which was 85% of the
Si universal mobility. The mobility improvement by the CeO, capping is
attributed to the reduced fixed-charge density, since Vy, approached to the
ideal values by the CeO, capping. On the other hand, the MgO capping
induced a negative shift in Vy, and consistently degraded the mobility.
These effects of ALD-MgO capping are qualitatively different from those
observed for EB-evaporated Mg [2]. The mechanisms causing such a
difference between EB evaporation and ALD are now under investigation.

This work was carried out in Leading Research Project for Development of
Innovative Energy Conservation Technologies supported by NEDO.

References: [1] T. Koyanagi, et al., JJAP, 48, 05DC02 (2009); [2] M.
Kouda, et al., 2009 VLSI Symp., p. 200; [3] K. Ozawa, et al.,2010 ICSICT,
p. 932.

10:00am NM+MS+NS+TF-MoMé6 Highly Uniform and Conformal
Thin Film Metallization with Thermal and Plasma-Enhanced Atomic
Layer Deposition, M. Toivola, J. Kostamo, T. Malinen, T. Pilvi, T. Lehto,
C. Dezelah, Picosun Oy, Finland

Ultra-thin, nanometer-scale metal or metallic films are a crucial component
in eg. several applications of modern  MEMS/NEMS
(Micro/NanoElectroMechanical ~Systems) and other advanced IC
technologies, sensors, optical devices and catalyst manufacturing. When the
component sizes keep diminishing and at the same time, the level of system
integration increasing (for example the so-called “System-in-a-Package”
multifunctional chip devices), it creates a drive from “conventional” 2D
device architecture to 3D component integration. Through Silicon Vias
(TSV) are a central structure in these 3D-stacked devices and there’s often a
need to produce highly uniform and conformal thin films of metals or
otherwise conducting materials on the insides of the vias. Due to the often
very high aspect ratio (AR) of the TSV structures, Atomic Layer Deposition
(ALD) is one of the only methods with which reliably uniform and
conformal material layers can be deposited on the via walls.

Industrially upscalable ALD processes were developed for several metals
and metallic compounds, i.e. Pt, Ir, Ru, Cu, Ag, Au, TiN and TiAICN.
Deposition of metals can be done with thermal ALD and plasma-enhanced
(PEALD). The main benefits of the PEALD technique are the possibility to
use reductive processes instead of oxygen, lower deposition temperatures
which decreases the thermal stress on the substrates, and a wider variety of
precursor chemicals.



Inductively coupled remote plasma source system was further developed to
reduce any possibility of plasma damage, which can often happen in the
more conventionally designed, direct plasma devices. Instead of direct ion
bombardment, our plasma system utilizes highly reactive radicals.
Protective flows and separating metal precursor inlets shield the plasma
source from getting short-circuited by films from precursor back-diffusion.
E.g. No/ H,, Hy/Ar, O, and mixed gas plasmas can be generated with the
system.

Structural design solutions were optimized for ALD reactors. Top flow
delivery of the precursor gases ensures even distribution of reactive
molecules inside the reactor vessel. This is beneficial especially in the case
of non-optimal processes with precursor decomposition or etching or
poisoning of reactive sites by reaction by-products. Less impurity and
thickness gradient scan be achieved with the top flow, compared to the side-
flow (cross-flow) design since all the area reacts at the same time leaving
less reactive sites left for reaction with the by-products. Therefore, it is
possible to get more challenging reaction chemistries working with the top-
flow design, and also a forced flow for through-porous samples is possible.
With modified stopped flow design, extended reaction time inside the
chamber can be reached while still keeping the protective flows from the
inlets on to prevent any back-diffusion of precursor and subsequent particle
formation in the inlet lines.

Upscalable structure was specifically designed to bridge the gap between
R&D and production. Smaller ALD tools can be used for process and
chemical precursor development at for universities and research labs,
whereas the larger, ALD tools can be fully automatized, upscaled and
clustered into full scale high volume throughput industrial production unit
capable of coating even several thousands of wafers per hour.

10:40am  NM+MS+NS+TF-MoM8
Continuous Roll-to-Roll Processing, S.M. George, P.R. P. Ryan
Fitzpatrick, University of Colorado at Boulder INVITED
Atomic layer deposition (ALD) is currently being developed for continuous
roll-to-roll processing. This development is significant because roll-to-roll
processing would allow ALD to address many applications in a cost
effective manner. This talk overviews the approaches and progress to date.
The original idea of ALD with moving substrates and constant precursor
flows was presented in a patent by Suntola and Antson in 1977. This
scheme involved rotating the substrate between alternating precursor
sources and vacuum pumping regions. One current approach under
development is based on moving the substrate close to a gas source head.
The ALD precursors continuously flow through slits in the gas source head
that are separated and isolated by inert gas purging. A second version of this
design involves using a gas bearing to set the gap spacing between the gas
source head and substrate. Another ongoing approach is based on moving
the substrate through separate regions of precursor pressure and inert gas
purging. Limited conductance between the regions prevents the gas phase
reaction of the ALD precursors. The talk examines the issues and prospects
for achieving ALD for continuous roll-to-roll processing. Additional details
are presented for the dependence of precursor isolation on reactor
parameters for a substrate under a model gas source head.

Atomic Layer Deposition for

11:20am NM+MS+NS+TF-MoM10 High Rate Continuous Roll-to-Roll
Atomic Layer Deposition, E. Dickey, Lotus Applied Technology

INVITED
Atomic Layer Deposition (ALD) is a unique thin film deposition process,
capable of producing coatings with unmatched quality and performance. Its
unique attributes include high conformality and outstanding thickness
precision, enabling the deposition of dense, continuous pinhole-free films,
even when extremely thin, and even on highly imperfect substrate surfaces.
These qualities have made the process attractive for applications on flexible
substrates, including dielectrics and semiconductors for flexible electronics
devices, and high performance gas diffusion barriers to encapsulate and
protect environmentally sensitive devices such as OLED displays and
lighting, and CIGS photovoltaic modules.

Until recently, ALD films have generally been deposited using conventional
static processing, in which the individual precursors are sequentially
introduced into and purged from a common volume containing the
stationary substrate. This sequence, commonly called an ALD cycle,
typically requires at least several seconds and results in the growth of
approximately 0.1nm thickness. As a result, the time required to deposit
films of reasonable thickness can be quite long. Furthermore, the static
nature of the process makes roll-to-roll processing impractical. In this
presentation, we discuss the development of a new ALD process based on
substrate translation, with the ALD cycle elements enabled by transport of
the flexible substrate back and forth between the precursor zones. Because
no time is required for introducing, saturating, and removing precursors for
each cycle, the deposition speed is dramatically increased. In addition, this
configuration naturally provides the unique feature of film deposition only
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on the substrate itself, as it is the only surface which is exposed to both
precursors. In turn, this allows the use of steady-state plasma as the oxygen
source, enabling a new technique of precursor isolation; “precursor
separation by radical deactivation”, in which the oxygen gas precursor
actually mixes with the metal precursor, but is only reactive in the region of
the plasma source. Together, this technology set has allowed the deposition
of high quality ALD films on polymer substrates, including ultra-barrier
films, at substrate speeds in excess of one meter per second.

Nanometer-scale Science and Technology Division
Room: 203 - Session NS+EM-MoM

Nanowires and Nanoparticles I: Assembly and Devices
Moderator: M. Hines, Cornell University

8:20am NS+EM-MoM1 ZnO Nanowire Logic Inverter with the
Difference of Two Gate Electrode, J K. Kim, Y.T. Lee, R. Ha, H.J. Choi,
S.I. Im, Yonsei University, Republic of Korea

Recently, zinc oxide nanowires (ZnO NWs) have attracted much attention
for high mobility and sensing properties. These advantageous give us strong
possibility to use nanostructures as nanoelectronic device application; such
as field effect transistors (FETs), diodes, and logic circuit devices.[1] In this
work, we fabricated the logic circuit inverter using difference of gate
electrodes which have the different work function.[2]

In order to fabricate the inverter devices, grown ZnO NWs were dispersed
to the SiO,/Si substrate by using a drop-and-dry method. The Ni/Ti source
and drain electrodes were deposited by e-beam evaporator with a
combination of photo-lithography and lift-off process. To make 30nm-thick
ALO; gate insulator layer, we used Atomic Layer Deposition (ALD)
system. And then, Pd and Ni/Ti top gate electrodes were deposited and
these two devices were connected by wire bonding technique.

The threshold voltage of the Pd top gate ZnO NWs FET shows more
positive value (~ 0 V) than that of the other FET (~ -1 V) with Ni/Ti top
gate, and these transistors are able to be used as a driver and a load,
respectively. The linear mobility of the driver shows about 119 ¢cm*/Vs at
Vp = 0.6 V and the inverter device has high gain value of ~15 at Vpp =5 V.
Furthermore, the dynamic property of the logic inverter was measured
under the 5 V square input voltages.

More details will be discussed in the meeting.
References

1. GJ, W. K. Hong, J.S. Maeng, M.H. Choe, W.J. Park, and T. K. Lee,
Appl. Phys. Lett. 94 173118 (2009)

2. K.M. Lee, J.H. Kim and S.I. Im, Appl. Phys. Lett. 88, 023504 (2006)

8:40am NS+EM-MoM2 Control of Growth Kinetics for Three-
Dimensional III-nitride Nano-Heterostructures Towards Nanowire
Devices, S.D. Carnevale, P.J. Phillips, T.F. Kent, J. Yang, M.J. Mills, R.C.
Mpyers, Ohio State University

The geometry of semiconductor nanowires (NWs) allows for both vertical
and coaxial heterostructures, while only vertical heterostructures can be
formed using planar structures. This is especially important for III-nitride
NWs because crystallographic directions in which heterostructures are
formed largely determine the magnitude of internal electric fields due to
polarization. Here we describe a method to control the relative vertical and
coaxial growth rates in catalyst-free GaN/AIN NW heterostructures grown
on Si(111) substrates by plasma-assisted molecular beam epitaxy*.

A growth phase diagram is established relating NW density to substrate
temperature and III/V ratio. This diagram reveals a reduction in effective
growth rate and an increase in nucleation time caused by GaN
decomposition. Using this information, a two-step method is developed to
independently control NW density from NW deposition time. To begin we
nucleate NWs until a small but appreciable density is reached. If deposition
continues under these conditions, density will increase over time until
reaching a saturation point. To suppress this increase, substrate temperature
is increased upon completion of the initial nucleation time. NWs already
nucleated continue to grow, but there is no new nucleation, thus controlling
density. Additionally, the change in conditions alters growth kinetics,
leading to purely vertical NW growth, which allows for the formation of
NWs with arbitrarily large aspect ratios and small diameters (~20 nm).
Kinetics that favor coaxial growth are also achieved. A low density, high
aspect ratio NW array is prepared using the method described above then
material is deposited at a lower substrate temperature. The relative coaxial
growth rate increases due to lower Ga ad-atom mobility at the lower
substrate temperature. Using this dynamic method, we demonstrate multiple
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period GaN/AIN (2 nm / 2 nm) superlattices along either the vertical or
coaxial NW axis, which exhibit atomically sharp compositional profiles. A
coaxial, AIN/GaN resonant tunneling diode structure is presented. Large
areas of nanowires are processed for electrical measurements without
removing them from the Si(111) substrate. Preliminary electrical
measurements are provided for both room temperature and low temperature
conditions. This work is supported by the ONR under grant N00014-09-1-
1153.

* S.D. Carnevale, J. Yang, P.J. Phillips, M.J. Mills,and R.C. Myers. “Three-
Dimensional GaN/AIN Nanowire Heterostructures by Separating
Nucleation and Growth Processes”. Nano Letters 11, 2, pp. 866-871, Jan.
2011.

9:00am NS+EM-MoM3 III-V Nanowire MOSFETs, L.-E. Wernersson,
Lund University, Sweden INVITED
III-V Nanowire transistors are cosidered possible candidates to extend the
transistor scaling roadmap. The improved electrostatic control in the
cylindrical geometry provides benefits for scaling and the advantageous
transport properties of the III-V materials may be used to increase the drive
current. Besides heterostructure design may be used to tailor the properties
in the transistor channel.

In this talk, we will review some of the efforts made in Lund to realize
high-perfromance III-V nanowire transistors using vertical nanowires
grown by MOVPE. We will show how bottom-up technologies can be
combined with top-down processing to realize nanowire-based RF-devices
on Si 2" wafers. We use CV techniques to characterize the properties of the
high-k material in vertical nanowire capacitors and compare the data to the
1/f-noise characteristics of scaled transistors to evaluate the influence of the
high-k material on the transistor performance. We also show that the
transistor channel may be reduced down to a diameter of 15 nm without
degradation of the transport properties. Finally, we explore the use of novel
materials in the transistor structures as we developed GaSb/InAs
heterostructures with excellent Esaki diode characteristics to be used for
TFET implementations.

9:40am NS+EM-MoMS5 Optimizing Quantum Efficiency in Quantum
Dot Display, S.J. Lim, J. Kwon, Y. Oh, Seoul National University,
Republic of Korea, B.L. Choi, K. Cho, Samsung Advanced Institute of
Technology, Republic of Korea, Y. Kuk, Seoul National University,
Republic of Korea

In our previous study, we were able to fabricate full-color, 4-inch display
made of colloidal quantum dot (QD). Despite such a demonstration of QD
light emitting device which is one of candidates for next-generation display,
understanding the interface characteristics between QD layer and electron
(or hole) accumulation layer is still lacking and further study for
improvement of quantum efficiency is essential. Here, we report on a study
of scanning tunneling microscopy (STM), spectroscopy (STS) and cathode
luminescence induced by tunneling current, performed on individually
manipulated QD. We control the distance between two QDs using STM to
reveal the mechanism of interaction between QDs. STS measurement
showed shift of energy levels as manipulating the distance between two
QDs. This result suggests that there exists the optimal distance between
QDs for efficient light emission. Besides by making contacts between
separated QDs and organic molecules, we simulated contacts between QD
layer and electron (or hole) accumulation layer. From these experiments, we
could understand excitonic behavior and carrier hopping from QD to QD or
surrounding materials. Our findings thus suggest optimal configuration for
QD application in display.

10:00am  NS+EM-MoM6 Polarization Engineered 1-Dimensional
Electron Gas, D.N. Nath, P.S. Park, M. Esposto, Ohio State University, D.
Brown, S. Keller, UK. Mishra, University of California Santa Barbara, S.
Rajan, Ohio State University

One-dimensional electron gas (nanowire) based devices are of great interest
due to their promise in high-performance electronics and other future device
applications. However, synthesis and patterning of arrays of nanowires is a
challenge in all material systems since both bottom-up and top-down
approaches have their own merits and demerits.

Here we report on the demonstration of pure 1-dimensional arrays of
electrons with current density up to 130 mA/mm and carrier confinement
greater than 100 meV using lateral polarization engineering in N-polar
vicinal AlGaN/GaN heterostructures. The width of the atomic terraces
characteristic of vicinal surfaces defines the dimensions of the nanowires
which are found to exhibit sharp and clear signatures of 1-dimensionality at
room temperature making them promising for novel device applications.

We report on devices fabricated on MOCVD grown N-polar AlGaN/GaN
HEMT structures on vicinal sapphire substrate (4° miscut towards a-plane)
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with anisotropy in current and channel pinch-off voltages. Channels parallel
to the miscut direction pinched off at higher negative gate biases than those
perpendicular to the steps and carried more charge as measured by
direction-dependent C-V profiling. An electrostatic model which predicts a
saw-tooth energy band profile in the lateral direction has been proposed to
explain the charge anisotropy. Each atomic terrace characteristic of the
surface morphology of vicinal GaN with its corresponding saw-tooth energy
profile is proposed to exhibit quasi-1D confinement. We will discuss the
heterostructure/polarization design of structures demonstrating pure 1-D
transport in direction parallel to steps.

Gated structures were fabricated to investigate the physics of the system as
the Fermi occupation function is varied by varying gate bias. To confirm
that the carriers are indeed l-dimensional, we used direction-dependent
small-signal capacitance voltage measurements to probe the density of state
function and hence dimensionality of electrons as a function of gate bias.
We developed a 2-band model consisting of one 1-D and one 2-D subband
to describe the behavior of these wires at room temperatures. The variation
of capacitance as well as charge density for a pure 1-D and a pure 2-D
system as a function of applied gate bias as predicted by our 2-band model
based on density of states matches very well with the data measured
experimentally for 1-D and 2DEG respectively. This confirms that the
channels created are indeed 1-dimensional in nature. Since 1-D channels are
atomic terrace defined, they are promising for eliminating the disadvantages
of both bottom-up and top-down approaches.

10:40am NS+EM-MoM8 Adding New Capabilities to Silicon CMOS
via Deterministic Nanowire Assembly, 7.S. Mayer, M. Li, T. Morrow, J.
Kim, B. Won, K. Sun, X. Zhong, K. Liddell, J.S. Mayer, C.D. Keating, Penn
State University INVITED
Integrating functionalized nanowires directly onto Si CMOS chips has the
potential to combine highly selective and sensitive chemical and/or
biological sensing capabilities with electronic signal processing in a single
ultra compact, low power platform. Conventional integrated circuit
manufacturing methods place considerable limits on the range of and
number of different materials and molecules that can be incorporated onto
Si chips, making it difficult to realize this goal. This talk provide an
overview a new deterministic assembly approach that uses electric field
forces to direct many different types of bioprobe-coated nanowires to
specific regions of the chip and to provide accurate registration between
each individual nanowire and a specific transistor on the chip. This is
achieved by synchronizing sequential injections of nanowires carrying
different bioprobe molecules with a programmed spatially-confined electric
field profile that directs nanowire assembly. Subsequent back-end
lithographic and metal deposition processes are then used to electrically and
mechanically connect all of the nanowire devices to the Si chip at the same
time. Using this technique, individual nanowire device integration yields
exceeding 90% have been demonstrated with a less than 1% mismatch
across three populations of DNA-coated nanowires for arrays with densities
of 106 cm-2. The nanowire-bound DNA retained its ability to selectively
bind complementary target strands following assembly and device
fabrication showing that this process is compatible with these back-end
manufacturing steps. The uniformity in the electrical properties of nanowire
device arrays that were fabricated using this hybrid integration strategy will
also be discussed.

11:20am NS+EM-MoM10 Solid-State Dewetting of Direct
Nanoimprinted Metallic Thin Films, R. Clearfield, North Carolina State
University, J.D. Fowlkes, Oak Ridge National Laboratory, P.D. Rack,
University of Tennessee Knoxville, N. Samatova, Oak Ridge National
Laboratory, A.V. Melechko, North Carolina State University

Heat applied to thin films below a critical thickness will generally cause
transformation of the film into isolated particles. This process is known as
dewetting. Solid state dewetting occurs below the melting temperature of
the film and is governed by diffusive mass transport. Currently two
mechanisms of dewetting are distinguished: hole nucleation and growth,
and spinodal dewetting. Spinodal dewetting proceeds via film surface
undulations that have characteristic wavelengths related to the thickness of
the film. Lithographic patterning of thin films has been utilized to direct the
dewetting instability development toward designed nanostructured
geometry of nanoparticle arrays. Tailoring the geometry of thin film edge
have been shown to affect both heterogeneous nucleation and spinodal
dewetting regimes. Nanoimprint lithography, conventionally used for
definition of the edges of thin films, is a fabrication method where a stamp
is pressed into a thin normally monomer or polymer film at elevated
temperatures. Nanoimprinting can also be conducted in direct mode where
the stamp is pressed into a metallic film. Surface undulations characteristic
for spinodal dewetting will be used to direct the stamp design. Such
imprinting allows setting initial conditions, programming instability, in the
thin metallic film that is linked to the spinodal surface instability. In this
work we are presenting the results of the investigation into behavior of thin



films in which a 3D structure has been imprinted. We present observations
on the effect of direct nanoimprint lithography on nanoscale Au and Ni
films using periodic arrays of cylinders. Our focus is on the spatial
distribution of the particles produced from dewetting of the nanoimprinted
films. Particles in patterned regions are characterized in terms of their
spacing, periodicity and size, and shape. The geometry of the dewetted
patterns is compared to that of the 3D features created after direct
nanoimprinting of the films. Analysis of spatial correlation of the final
dewetted patterns to stamp patterns is presented.

Plasma Science and Technology Division
Room: 201 - Session PS-MoM

Advanced FEOL / Gate Etching I
Moderator: A. Agarwal, Applied Materials, Inc.

8:20am PS-MoM1 Impact of Synchronized Plasma Pulsing
Technologies on Key Parameters Governing STI Etch Processes, M.
Haass* M. Darnon, G. Cunge, P. Bodart, C. Petit-Etienne, M. Brihoum, L.
Vallier, LTM-CNRS, France, S. Banna, Applied Materials, Inc., O. Joubert,
LTM-CNRS, France

Plasma etch processes are the only technological solution to address the
critical dimension control at the nanometer range imposed by the
continuous downscaling of CMOS device dimensions in microelectronics.
However, the current processes are reaching their limits of controlling etch
selectivity, defects, critical dimensions and uniformity. Lately, pulsed
plasmas are increasingly used to overcome some of these limitations. On
the basis of HBr/O, plasmas, dedicated to STI (Shallow Trench Isolation)
etching, we discuss the role of the pulse parameters regarding the etched
profiles, the reactive etch layer, the uniformity and the passivation layer. To
investigate the passivation layer at various trench depths and CDs we
developed a new XPS technique for quasi in-situ chemical topography
analysis.

The experiments are carried out in a 300 mm AdvantEdge™ tool from
Applied Materials Inc. The two generators to sustain the plasma (ICP) and
to polarize the wafer (CCP), operated at 13.56 MHz, have been modified
with the Pulsync™ system to allow pulsing at a wide range of parameters.
However, only synchronous pulsing is studied here. Moreover, a Theta300
angle resolved XPS system from Thermo VG is connected under vacuum,
allowing quasi in-situ analysis of an etched sample. Several additional
diagnostic methods including time resolved UV-absorption, mass
spectroscopy and ellipsometry are used to study the impact of pulsing the
plasma on the surface and the gas phase compared to a continuous wave
process.

We demonstrate that plasma pulsing can minimize the mask faceting and
consumption which is due to a change in the ion energy distribution and the
presence of larger molecular ion species. The duty cycle controls the
formation of the passivation layer that governs in turn the form of the
etched profiles. This correlation can partly be explained by less dissociated
oxygen molecules in low duty cycle pulsing. Nevertheless, XPS analyses
show that the chemical composition of the passivation layer changes little
with height and trench CD while its thickness is directly linked to the aspect
ratio of the analyzed part of the sidewall. Less thickness variation with
respect to the aspect ratio is observed in pulsed mode, which explains an
improved local uniformity in profile evolution. Furthermore, the time
compensated etch rate with respect to the actual ON time of the plasma is
increasing at low duty cycles due to a change of etch regime from more
radical flux limited to ion flux limited. Nevertheless, the overall process
etch rate is decreasing in pulsed mode which can be partly counteracted by
increasing the source and the bias power.

8:40am PS-MoM2 Effect of Si Damage on Shallow Source-Drain (SSD)
Recess Structures, J. Guha, S. Sriraman, Lam Research Corporation

Continued scaling in the semiconductor industry provides new challenges
for critical Front-end-of the-line (FEOL) process etch applications in front-
end logic devices. One such application that is utilized in the PMOS
transistor is the Strained Source Drain recess (SSD) structure that embeds
an epitaxial strained SiGe thin film that significantly improves hole
mobility in the channel region. Scale down of critical dimensions (CD) in
current and future CMOS devices puts ever increasing emphasis in reducing
post-etch Si surface damage in a source-drain (SD) recess structures. For a
typical SSD application, the roughness of Si surface obtained after SD etch
governs both the epitaxial growth of SiGe as well as the roughness of the
SiGe layer, and ultimately determines the device performance. This paper

* Coburn & Winters Student Award Finalist
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will discuss the factors that contribute to the Si surface roughness arising
from a representative SD process etch step and its impact on the subsequent
SiGe epitaxy and device performance. Typically, the SD etch sequence may
consist of an anisotropic etch (halogen/oxygen based chemistry) followed
by an isotropic etch (halogen/halogen based chemistry). Surface roughness
of the etched silicon is quantified and spatially resolved through atomic
force microscopy and surface haze measurements, and contributions of the
anisotropic and isotropic etch steps to surface roughness are inferred. The
effects of halogen ratio and relative halogen atom reactivity in the isotropic
etch chemistry on surface roughness and the vertical-to-lateral (V/L) etch
ratio in the SSD recess feature will be discussed and a surface reaction
model proposed to characterize roughness evolution.

9:00am PS-MoM3 Improving Etch Processes by using Pulsed Plasmas,
M. Darnon, M. Haass, P. Bodart, G. Cunge, C. Petit-Etienne, M. Brihoum,
R. Blanc, CNRS-LTM, France, T. David, Cea Leti Minatec Campus,
France, E. Pargon, L. Vallier, O. Joubert, CNRS-LTM, France, S. Banna,
T. Lill, Applied Materials, Inc. INVITED
The etching processes for integrated circuits fabrication becomes extremely
challenging when the devices dimensions are downscaling and the etch
process has to stop on the ultra thin layers (less than 2nm) of materials.
Perfect control of the passivation layers and mask erosion are required to
precisely control the patterns profiles, which necessitates using flows and
energies of plasma species in ranges which can not be attainable with
current plasma technologies. In addition, limiting the plasma induced
damage to thin layers requires very low ion energies which are not
accessible in current plasma technologies. One promising solution is to
pulse the plasma in conventional industrial reactors at very low duty cycle.
Using this solution, the ratio of radicals and ions as well as their energy can
be fine tuned in ranges that are unreachable otherwise, and very low energy
ions are produced which strongly minimizes the damage to the thin layers
exposed to the plasma.

Experiments are performed on a 300mm diameter Inductively Coupled
Plasma chamber commercialized by Applied Materials (DPSII GS5)
equipped with the pulsync system to enable plasma pulsing in an industrial
reactor.

In this paper, we will show how plasma pulsing can be used to improve
uniformity and pattern profiles by better controlling the passivation layer
formed on the patterns sidewalls during the etching. In addition, we will
demonstrate that the reduction of the average ion energy as well as the use
of molecular ions decreases mask erosion, as well as damage to ultrathin
etch stop layers. Morphological characterization, surface characterization
and plasma diagnostics will be correlated to explain the mechanisms
responsible for the process improvement.

9:40am PS-MoMS HfO, Etching by Pulsed BCl;/Ar Plasma, P. Bodart,
C. Petit-Etienne, G. Cunge, F. Boulard, M. Darnon, L. Vallier, E. Pargon,
CNRS-LTM, France, S. Banna, T. Lill, Applied Materials, Inc., O. Joubert,
CNRS-LTM, France

Plasma etching of high-k materials, including HfO,, has attracted much
attention due to the necessity to integrate these materials in MOSFET
transistor. After the metal gate patterning process, the high-k dielectric film
must be removed from the source and drain regions of the transistor. It is
today well established that HfO, can be etched selectively towards SiO, and
Si in BCl3/Cl, plasma. However, it remains difficult to minimize the plasma
induced damages (Si amorphisation and recess) in the source/drain
transistor regions in such processes. Since pulsed plasmas have shown a
capability to minimize Si-recess in typical silicon gate oxide etching
processes, we have investigated their potential for HfO, etching.

The experiments are performed in a 300mm DPS tool from Applied
Materials. The chamber is modified to allow plasma diagnostic like UV-
broad band absorption spectroscopy. The reactor is also connected to an
Angle-Resolved X Ray Photoelectron Spectroscopy analyzer by a robotized
vacuum chamber. The etching rate of HfO, sample (either 40 or 3.5nm-
thick HfO, films with 8 A SiO, interlayer deposited on Si substrates) and of
SiO, samples (10 nm thick) are measured in real time by in situ multi-
wavelength ellipsométrie.

We have evaluated the capability of pulsed plasmas to minimize the plasma
induced damage of silicon during the etching of HfO, high-k gate dielectric.
XPS analyses show that the perturbation of the bulk Si lattice is less
pronounced with pulsed conditions, which is attributed to a lower ion
bombarding energy. However, the formation of a BCl, polymer selectively
on the silicon (which is responsible for the HfO, to Si etching selectivity) is
reduced when the plasma is pulsed leading to a loss of selectivity. VUV
absorption spectroscopy indicates that the fragmentation of BCl; molecules,
which leads to the formation of B-rich polymer precursors, decreases
dramatically when the plasma is pulsed at low duty cycle. Therefore, as the
duty cycle is reduced, the fluxes of B radicals to the wafer are reduced
while the amount of Cl in the polymer increases. It follows that the polymer
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deposition rate drops, eventually leading to a loss of selectivity at the lowest
duty cycles.

However, there are several ways to retrieve the process selectivity in pulsed
plasma, such as reducing the BCl; flow in the gas mixture or working at
higher pulsing frequencies (up to 10 kHz) to enhance B formation in the gas
phase. Pulsing the plasma is not a magic knob since it strongly changes the
range of allows news physics and chemistry ranges plasma parameters.

However, plasma pulsing reduces significantly the plasma induced damages
after process optimization.

10:00am PS-MoM6 Study of Metallic Interfaces Etching for High-K
Metal Gate stacks in CMOS 28 nm Technology, F. Chave,
STMicroelectronics, France, L. Vallier, CNRS-LTM, France, P. Gouraud,
C. Vérove, STMicroelectronics, France, O. Joubert, CNRS-LTM, France

In CMOS technology, the downscaling of the transistor gate dimension,
driven by ITRS roadmap specifications for advanced technology, requires
the introduction of new materials. Dry etching step of those new “High-K
Metal Gate” (HKMG) stacks is critical for the electrical performances of the
devices and needs very accurate process control to achieve correct profiles,
with a good Critical Dimension control. Moreover, characterization tools
are now dealing with thin materials thicknesses sometimes around the limit
of one full atomic layer. In this work we focus on dry etching process of
28nm technology High-K Metal Gate stacks. Several issues, especially for
Metal/Capping layer interfaces, are investigated to better understand and
control physicochemical interactions.

Most of etching experiments are carried out in a 300mm DPS
AdvantageEdge™ etch chamber from Applied Materials allowing in situ
diagnostic, as reflectometry and spectroscopic ellipsometry. This modified
tool permits to transfer wafer under vacuum to a customized Theta 300 XPS
system from Thermo Fisher Scientific for quasi in-situ analysis without
exposure to the environment. Samples were 300mm diameter Si wafer with
full sheet and/or patterned deposited layers. Industrial 28nm
photolithography & plasma etching process developed to gate first approach
were employed.

Preliminary experiments have shown that foot and undercut effects are
possible profiles deformations due to metallic interfaces, and we have to
control these deviations.

Consequently, we focused first on the TiN/LaO interfaces which we
highlight as a critical step. TEM analyses demonstrate that LaO capping
layer acts as etch stop layer for current TiN etching chemistries. Therefore,
a specific step for LaO removal is needed; otherwise etching residues are
left over.

Layer thickness and step time in the specific removal of Lanthanum oxide
are some parameters which directly impact the under-layer materials with
the observation of pitting on nMOS open areas or residues on pMOS.

XPS characterizations were carried out. Etching results analyses for
TiN/LaO/TiN interface reveal the fact that after the whole stack etching
step, some LaO residues remain on the sample surface although TiN
disappear as evidenced from XPS survey scan. The conclusion is that TiN
looks totally removed as Lanthanum can be redeposit or for certain push-
forward. Such as mechanisms were considered, and experiments were
carried out to understand and complete this result.

Integration of thin metallic and capping layers in gate stacks challenge dry
etching process. Those results highlight the trend of interactions all across
the plasma etch process.

11:00am PS-MoM9 Double Patterning Challenges for the sub 22nm
CMOS Nodes, S. Kanakasabapathy, R. Jung, M. Hartig, S. Schmitz, Y.
Yin, IBM Research, S. Raghunathan, L. Jang, GlobalFoundries, E.
McLellan, S. Burns, S. Holmes, C.S. Koay, IBM Research, R.H. Kim,
GlobalFoundries, G. Landie, ST Microelectronics, D. Horak, 1BM
Research, Y. Mignot, ST Microelectronics, S. Seo, S.T. Chen, J. Arnold, M.
Colburn, B. Haran, IBM Research

Wavelength and Numerical Aperture scaling in optical lithography have
allowed CMOS density scaling to march along the Moore ’s Law curve for
the past three decades. However, at the sub 22nm CMOS nodes, the print
pitch faces a technological barrier at the 80nm mark for the Front, Middle
and Back Ends of Line. Until further wavelength scaling becomes available
through Extreme Ultraviolet (EUV), the industry’s attention is focused on
Double Patterning. Multiple Interdigitated Lithography and Sidewall Image
Transfer (SIT) are the two broad categories of techniques under
consideration. Interdigitated Lithography can be subdivided into approaches
with and without multiple passes through etch. Both of these techniques
present unique etch challenges in assembling looser pitch patterns into a
composite mask and subsequent pattern transfer into the stacks of interest.
We will review etch perspectives on the applicability of double patterning
methods to various levels in the process flow.
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In particular, Fins for FinFET technology represent the tightest pitch
(approximately 40nm for the technology nodes in development at this time)
and yield well to Sidewall Image Transfer. We will present the issues
surrounding mandrel definition and spacer film properties for Fin definition.
The Gate level poses competing requirements of overlay control between
the simpler patterns and the need to attain multiple Critical Dimensions
(CDs) and pitches. We will examine this and the challenges of etch into
advanced gate stacks for the 14nm node. At the Interconnect levels, we will
consider the challenges of transferring not only trenches but also self
aligned via patterns at sub -40nm half pitch into ultra low-k (ULK)
dielectrics.

11:20am  PS-MoM10 Novel Etch Mechanism for High Selectivity
Etching of Silicon Nitride over Silicon and Silicon Oxide for Spacer
Applications, S. Engelmann, J. Chang, E.A. Joseph, R.L. Bruce, N.C.M.
Fuller, W.S. Graham, E.M. Sikorski, S. Balakrishnan, A. Banik, M. Gordon,
IBM T.J. Watson Research Center, M. Nakamura, G. Matsuura, ZEON
Chemicals L.P., H. Matsumoto, A. Itou, Zeon Corporation

To continue scaling CMOS devices at the traditional pace following
Moore’s law, high selectivity of etch processes towards multiple materials
is approaching nanoscopic dimensions. The spacer etch process is a very
critical element in the CMOS device process flow as it ensures and enables
the electrical isolation of source/drain and gate regions. Extremely high
precision is needed to form a silicon nitride (SiN) spacer without damaging
exposed Si, SiO,, or other surfaces (SiGe or SiC for example). This process
is even more challenging for non-planar devices (such as FinFETs and
Trigates), where the plasma process needs to be able to form the spacer on
the gate sidewall, but not the fin sidewall. At the same time the exposed
SiO, and Si surfaces (if applicable) have to withstand the extended
processing necessary to form the spacer.

Multiple etch gas chemistries have been evaluated and their impact on etch
rates and selectivities for spacer applications have been evaluated. Surface
analysis techniques such as XPS and FTIR have been applied in conjunction
with OES analysis of the plasma to study the etch mechanisms leading to
the observed etch rates. Fundamental differences in etch mechanism were
found for different etch gas chemistries.

We observed that during conventional spacer processes, very little
difference in plasma polymer deposition onto the respective substrates
could be noted. A successful SiN spacer process was rather facilitated by a
Si etch process that was selective to SiO,, where excess oxidation lead to a
conversion of Si to SiO,. This also means that the etch rates of the SiN are
limited by the simultaneous oxidation of the same. A potential solution to
overcome this limitation would be to control the etch rate by polymer
thickness, similar to high selectivity SiO, etching. An evaluation of this
approach has yielded similar results as the general etch mechanism
proposed by Schaepkens et al.[1] [# ftnl] A novel etch chemistry was also
evaluated that enables a different etch mechanism that cannot be described
by the general model. The impact of the described mechanisms on actual
CMOS devices will be discussed in detail.

[1] [#_ftarefl] M. Schaepkens et al., J. Vac. Sci. Technol. A 17, 26 (1999)

11:40am  PS-MoM11 High-Aspect Silicon Trench Oxidation in
Downstream of Surface-wave Oxygen Plasma, Y. Taniuchi, H. Shindo,
Tokai University, Japan

A low temperature and low damage silicon oxidation technique is highly
required in various technology fields, such as in ULSI insulation layer
formations, MEMS ( Micro-Electro-Mechanical System) processes and
other material surface treatments. In particular, in ULSI, the shallow trench
isolation (STI) technique is inevitable to realize further integrations. In this
process, so-called, a liner oxidation, in which the trench bottom is directly
oxidized, becomes more severe, as the trench aspect ratio is further
increased with the integrations. In MEMS ( Micro-Electro-Mechanical
System) processes, on the other hand, deep silicon trench etching with high
aspect ratios is one of key technologies, and to realize a deep trench etching
with a good directionality, a side wall passivation by the trench oxidation is
inevitable. In this work, a silicon trench oxidation is investigated by
employing a microwave oxygen plasma downstream under the condition of
radio-frequency bias as well as the DC. In particular, the radio-frequency
bias and the DC are superimposed and applied onto the substrate with the
trench structure, and the oxidation rates at various portions of trench with
the aspect ratio of 2 to 6 are examined as a function of the superimposed
substrate bias. The oxidation depth shows a maximum in a very
downstream of further position from the microwave window, indicating that
the oxidation is due to negative oxygen ions. The silicon trench oxidation
mapping, in which the oxidation film thickness is two-dimensionally plotted
for the radio frequency bias and DC bias voltages, clearly demonstrates that
the maximum is brought about along the line of the substrate bias of +20 V
just above the plasma potential. In particular, the silicon trench bottom



oxidation is just limited onto the higher radio frequency bias within the
above condition. As for the dependence on the trench aspect ratio R, the
oxidation at the trench bottom was attained 100 % of the trench top up to
R=3, while at the trench bottom with R more than 4 it was only 60 %. The
oxidation at the bottom of deep trench with the aspect ratio R= 6 was
improved at the higher radio frequency bias. It is concluded that the
oxidation is due to the negative oxygen ions in downstream.

Surface Science Division
Room: 109 - Session SS1-MoM

Water Films & Environmental Interfaces
Moderator: H. Fairbrother, Johns Hopkins University

8:20am  SS1-MoM1  Surface Science of Acetonitrile on Model
Interstellar Ices and Grains, 4. Abdulgalil, M. Collings, M. McCoustra,
Heriot-Watt University, UK

Physical and chemical processes occuring on the surfaces of icy dust grains
in the cold, dense interstellar medium have a crucial role to play in the
evolution of the modern Universe. The formation of simple hydrides, e.g.
water, on grain surfaces explains the infrared astronomical observations of
icy grain mantles and provides a reservoir of coolant molecules during the
early stages of star formation that helps maintain the current rate of star
formation and favours the formation of small, long-lived stars. Energetic
processing of icy mixtures by short wavelength radiation and cosmic rays
turns the icy grain mantles into chemical nanofactories producing
increasingly complex organic molecules. Nitriles (RCN) represent a
potential intermediate on the pathway to forming amino acids in these icy
mantles. However, the formation of nitriles in and on icy grain mantles is
not understood. Nor is the surface science of these simple species on models
of the interstellar grain population. Acetonitrile (CH;CN) is the simplest
organic nitrile and is amongst the list of chemical species observed in the
interstellar medium. This paper will report our recent investigations of the
interaction of CH;CN with model silica and water ice surfaces
representative of bare and icy interstellar dust grains. We will report on the
nature and strength of the interaction of CH;CN with these substrates and
on the thermal and non-thermal (electron-induced) desorption of CH;CN
from these surfaces as part of our on going programme in solid state and
surface astrochemistry.

8:40am SS1-MoM2 Energetic Xenon Sputtering and Embedding at Ice
Surfaces, D.R. Killelea, K.D. Gibson, H. Yuan, S.J. Sibener, University of
Chicago

***PLEASE NOTE YOU MUST IDENTIFY A DIFFERENT
PRESENTER FOR THIS ABSTRACT. YOU MAY PRESENT ONE
PAPER ONLY (ORAL OR POSTER) AT THE CONFERENCE. YOU
ARE LISTED AS PRESENTER FOR ABSTRACT #278***Energetic
collisions between gas-phase atoms or molecules and ice surfaces are
ubiquitous in nature. Such collisions occur under non-equilibrium
conditions given the disparity between the temperature of the substrate and
that of the incident species. Moreover, metastable absorption states can be
accessed at sufficiently high collision energies, opening up enhanced
channels for species collection and concentration. Here, we present results
of a study where the energetically accessed absorption states of the network
of molecules in an ice surface were probed with translationally activated
gas-phase Xe atoms, focusing on sputtering, energy accommodation, and a
new mechanism for the incorporation of volatile species into ice surfaces:
collisionally activated embedding. Evidence for embedding comes from the
observation of Xe desorption at temperatures nearly 100 K above the
normal desorption temperature for xenon adsorbed onto an ice surface.

9:00am SS1-MoM3 Composition and Chemistry at the Liquid/Vapor
Interface of Aqueous Solutions: Liquid-Jet XPS Experiments Coupled
with MD Simulations, J.C. Hemminger, University of California, Irvine

INVITED
In spite of the importance of liquid/vapor interfaces to many real world
problems our understanding of the composition and chemistry of
liquid/vapor interfaces is limited. We have employed liquid micro-jet
methods to obtain x-ray photoelectron spectra of the liquid/vapor interface
of aqueous solutions at the BESSY II synchrotron. The variable photon
energy characteristic of synchrotron light sources allows us to carry out
experiments over a range of photoelectron kinetic energies—thus varying
the probe depth of the experiment. The result is a depth profile of the
composition of the liquid/vapor interface. We have focused our experiments
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on aqueous solutions. In this talk I will describe results from recent
experiments on the following systems: (1) aqueous nitric acid solutions, in
which we demonstrate a large difference in the degree of dissociation at the
surface compared to bulk solution. We have also been able to determine the
degree of dissociation at the interface and in the bulk solution for a range of
temperatures sufficient to determine the enthalpy of the dissociation
reaction for the interface and the bulk, (2) aqueous solutions of
monoethanolamine and monoethanolamine reacted with CO,---aqueous
monoethanolamine is widely proposed for CO, capture processes, (3)
aqueous solutions of the organosulfur compounds DMS, DMSO, DMSO,,
DMSOs;---DMS is a major source of environmental sulfur compounds
including in the atmosphere. In these systems we have been able to
determine the relative propensity of each molecule for the liquid/vapor
interface, (4) carboxylic acid solutions where we have been able to
determine the relative surface activity of the dissociated and undissociated
acid. For each of the above systems we have carried out molecular
dynamics simulations. These simulations combined with our experimental
depth dependent measurements have provided molecular level insight into
the behavior of molecular solutes in aqueous solution.

9:40am SS1-MoMS5 In Situ Studies of Sulfuric Acid Aqueous Solutions
by X-ray Photoelectron Spectroscopy, A. Margarella, T. Lewis,
University of California, Irvine, M. Faubel, Max-Plank-Institut fur
Dynamik und Selbstorganisation, Germany, B. Winter, Hemholtz-Zentrum
Berlin fur Materialien und Energie, Germany, J.C. Hemminger, University
of California, Irvine

Sulfuric acid is amongst the most widely used acids in the chemical
industry, as well as having an important presence in atmospheric aerosols.
Using a micro-liquid jet, the chemistry at the liquid-vapor interface of
aqueous solutions is explored in-situ by x-ray photoelectron spectroscopy
(XPS). Experiments presented were preformed at Beamline U41 at the
BESSY 1I synchrotron facility. By tuning the energy of the incoming
photons, the kinetic energy of the photoelectrons is varied, allowing
measurements from different depths of solution. As a strong diprotic acid,
an aqueous solution of sulfuric acid will have HSO,™ and SO.> present, and
at high concentrations, (greater than 16M) undissociated H,SO, is present.
In XPS, all of these components are distinguishable using their S2p binding
energy shifts. A series of sulfuric acid aqueous solutions with
concentrations up to 16M is measured and using the peak areas in the XP
spectra, the dissociation at the surface relative to the bulk can be determined
for different solutions.

Additionally, the effect of solution temperature on the acid dissociation at
the surface is explored.

10:00am SS1-MoM6 Infrared Spectroscopy of Thin Water Films on
TiO,(110): Anisotropy and the Hydrogen-Bonding Network G.A.
Kimmel, M. Baer, N.G. Petrik, C.J. Mundy, R.J. Rousseau, Pacific
Northwest National Laboratory

The structure of water at interfaces is crucial for processes ranging from
photocatalysis to protein folding. We have investigated the structure of thin
water films adsorbed on TiO,(110) using reflection-absorption infrared
spectroscopy (RAIRS), temperature programmed desorption and ab-initio
molecular dynamics simulations. Infrared spectra were obtained for light
with the plane of incidence parallel and perpendicular to the [001] azimuth
of TiO,(110) for water coverages < 4 monolayers (ML). The spectra
indicate strong anisotropy in the water structure along the two major
azimuths. For both 1 and 2 ML coverages, the water films form “strings” of
water molecules parallel to the bridging oxygen rows on the (110) surface.
Within the strings, each molecule participates in 4 bonds, such that the films
have no dangling hydrogen bonds. The vibrational densities of states
predicted by the ab-initio simulations for 1 and 2 monolayer coverages
agree well with the observations. Despite extensive prior research, the
structure of water films on TiO,(110) has remained controversial. Our
results provide crucial, molecular-level information about the structure of
water films on this benchmark transition metal oxide.

11:20am SS1-MoM10 Origins of the Molecular Volcano: Dewetting
and Crystallization Effects Leading to Rapid Desorption from
Amorphous Solid Water Overlayers, R.A. May, R.S. Smith, B.D. Kay,
Pacific Northwest National Laboratory

Amorphous solid water (ASW), a metastable phase of water occurring when
water is deposited on a substrate cooled below 140K, is of fundamental
interest for an array of applications including but not limited to desorption
from interstellar ices and investigation of diffusion and solvation processes.
When deposited over an immiscible substance, such as CCl4, the underlayer
desorption is dictated by the morphology of the ASW overlayer. This
desorption process culminates in the rapid release of the underlayer
commensurate with the development of crystallization induced cracks
through the ASW. This episodic release is termed the “molecular volcano”.
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Thus, the desorption event reports on changes in the structure of the ASW
overlayer. Infrared spectroscopy combined with programmed desorption
elucidates the complex interplay between the dewetting and crystallization
processes which dominate the eruption event. The effects of the ASW
deposition temperature and overlayer thickness on the CCl4 desorption
process will be presented and discussed.

This work was supported by the U.S. Department of Energy (DOE), Office
of Basic Energy Sciences, Division of Chemical Sciences, Geosciences, and
Biosciences. The research was performed using EMSL, a national scientific
user facility sponsored by DOE’s Office of Biological and Environmental
Research and located at Pacific Northwest National Laboratory, which is
operated by Battelle, operated for the U.S. DOE under Contract DE-AC05-
76RLO1830.

Surface Science Division
Room: 110 - Session SS2-MoM

Surface Chemical Dynamics
Moderator: L. Bartels, University of California, Riverside

8:20am SS2-MoM1 STM Dynamics Studies of Tip-Induced Reactions
of Anthracene Derivatives on TiO,(110), D.V. Potapenko, R.M. Osgood,
Columbia University

In photocatalysis, reactions are driven by the charges that are generated in
the bulk of the catalyst and then are transferred to the adsorbed molecules.
Injection of electrons from the STM tip into the adsorbed molecules is a
useful tool for surface dynamics studies as the energy the electrons as well
as the adsorption state of the molecules could be precisely controlled. We
have studied adsorption and tip-induced chemistry of anthracene and its
derivatives on the TiO,(110) surface. These molecules self-assemble on the
rutile(110) surface at room temperature driven by electrostatic interaction.
Applying electric pulses from the STM tip to individual molecules causes
desorption and in some cases dissociation as indicated by the changes in the
STM images. We have observed dissociative electron capture of 2-
chloroanthracene molecules that leaves behind a surface chlorine atom. The
energy threshold for dissociation found as ~ 3.1 V. We report on the
dynamics of this tip-induced chemistry and propose a mechanism for the
observed phenomena.

8:40am SS2-MoM2 Atom Specific Ultrafast Surface Chemistry using
Soft X-ray Free Electron Laser: CO on Ru(0001), M. Beye, Helmholtz
Zerntrum Berlin, Germany, R. Coffee, SLAC Nat. Accel. Lab, M.
Dell'Angela, Univ. of Hamburg, Germany, A. Foehlisch, Helmholtz
Zerntrum Berlin, Germany, J. Gladh, Stockholm Univ., Sweden, 7.
Katayama, S. Kaya, O. Krupin, A. Nilsson, D. Nordlund, SLAC Nat. Accel.
Lab, H. Oberg, Stockholm Univ., Sweden, H. Ogasawara, SLAC Nat.
Accel. Lab, H. Ostrom, L.G.M. Pettersson, Stockholm Univ., Sweden, W.F.
Schlotter, J.A. Sellberg, SLAC Nat. Accel. Lab, F. Sorgenfrei, Univ. of
Hamburg, Germany, J.J. Turner, SLAC Nat. Accel. Lab, M. Wolf, Fritz-
Haber-Inst., Germany, W. Wurth, Univ. of Hamburg, Germany

New possibilities for the study of chemical reactions on surfaces using X-
ray free-electron lasers (Linac Coherent Light Source, or LCLS, at SLAC
National Accelerator Laboratory) will be presented. We induced the hot
electron mediated excitation of CO on Ru(0001) with synchronized
excitation by a femtosecond optical laser pulse. We have followed the
ultrafast evolution of the bond distortions, weakening and breaking, using
X-ray emission spectroscopy resonantly tuned to the oxygen core level with
ultrashort x-ray pulses delivered from LCLS. We can directly study the time
evolution of the molecular orbitals in an atom-specific way on a
subpicosecond timescale. Different adsorption configurations explored have
been characterized by comparing the measured time dependent energy shifts
of the molecular orbitals in the valence band with theoretical results.

This research was carried out on the SXR Instrument on the Linac Coherent
Light Source (LCLS) at the SLAC National Accelerator Laboratory. The
SXR Instrument is funded by a consortium whose membership include the
LCLS, Stanford University through the Stanford Institute for Materials
Energy Sciences (SIMES), Lawrence Berkeley National Laboratory
(LBNL), University of Hamburg through the BMBF priority program FSP
301, and the Center for Free Electron Laser Science (CFEL). The LCLS is
funded by the U.S. Department of Energy's Office of Basic Energy
Sciences.
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9:00am SS2-MoM3 The Oxidation of Benzyl Alcohol on Gold and its
Implications Towards a Gold-Mediated Conversion of Hydrocarbons,
J.C. Rodriguez-Reyes, C.M. Friend, R.J. Madix, Harvard University

In order to understand alcohol conversion on gold, we have explored the
mechanism of the oxidation of benzyl alcohol (C¢Hs-CH,OH) on a Au(111)
surface - a test reaction commonly used to determine the efficiency and
selectivity of novel gold-based catalysts. Using adsorbed atomic oxygen as
the active oxidizing species, we find that a high selectivity towards the
conversion to aldehyde (benzaldehyde, CsHs-CHO) is achieved at low
oxygen coverages. However, in excess oxygen the selectivity decreases
dramatically, and benzaldehyde is readily transformed to adsorbed
benzoate, which is eliminated as benzoic acid (C¢Hs-COOH) and CO,. In
addition, we show that the production of the ester produced by self-coupling
(benzyl benzoate) does not require the separate presence of acid, as might
be expected from acid-alcohol condensation reactions. These surface
transformations are extremely facile and exhibit small kinetic barriers of the
rate-limiting steps. Lastly, by comparing the mechanism of benzyl alcohol
oxidation to that of toluene oxidation, we extract information of a model
hydrocarbon-to-alcohol reaction (toluene to benzyl alcohol, C¢Hs-CH; to
CgHs-CH,OH). Our results suggest that due to the relatively large kinetic
requirements for toluene conversion, the alcohol cannot be selectively
produced on a gold surface; indeed, preliminary TPRS data indicates that
the gold-mediated conversion of toluene yields benzoic acid and
combustion gases.

9:20am SS2-MoM4 Determination of the Structure and Vibrational
Dynamics of Methyl-Terminated Si(111) Using Helium Atom
Scattering, R.D. Brown, S.J. Sibener, University of Chicago
MMethyl-terminated Si(111) interfaces are of great interest in the fields of
solar energy, solar fuels, and electronics due to their superior
electrochemical stability and device performance. Recent advances in
synthetic techniques allow for the fabrication of high-quality, passivated
organic-semiconductor hybrid interfaces on single-crystalline silicon
substrates. This termination maintains the bulk electronic behavior of the
underlying silicon, but eliminates surface trap states which hinder the
performance of any device. We directly examined the structural and
dynamical characteristics of the CH3-Si(111) and CD3-Si(111) interfaces
using helium atom scattering. Helium atom scattering is a uniquely surface-
sensitive technique which probes both atomic structure and dynamics.
These results are the first measurements of this nature for an organic-
semiconductor hybrid interface. Helium atom diffraction confirmed a high
quality (1x1) methyl termination of the Si(111) substrate. We observed
unusual dynamical characteristics for these interfaces through Debye-
Waller attenuation measurements of helium atom diffraction peaks. These
measurements characterized the thermal motion of the interface, and
elucidated the surface Debye temperature and gas-surface interaction well
depth. The Debye Waller measurements yielded temperature dependencies
of the surface mean-square displacements displaying polarization
dependence, and were similar to the thermal motion of local molecular
vibrational modes. The effective surface Debye temperatures were much
higher than expected, and correspond to the local vibrational modes of the
C-Si bond. These two unusual results indicate that termination with the
simplest monolayer organic film initiates a transition away from phonon
dominated surface dynamics to dynamics dominated by local molecular
vibrational modes. We also performed a series of high precision inelastic
time-or-flight measurements to characterize the phonon band structure of
these interfaces. Our measurements have clearly resolved multiple single
phonon surface modes on CH3-Si(111), and are the first observations of this
nature on an organic-semiconductor hybrid interface.

9:40am SS2-MoMS STM Insights into Single-Molecule Dynamics, K.
Morgenstern, Leibniz University of Hannover, Germany INVITED
The development of molecular switches on the single molecule level is a
major challenge on the path towards incorporating molecules as building
units into nanoelectronic circuits. With a scanning tunneling microscope
(STM) it is possible to induced chemical reactions on a single molecule
basis by electrons tunneling inelastically from the STM tip into a molecule.
The method is based on high-resolution imaging at low-temperature (5K)
that allows us to identify different groups within the molecule. Chemical
reactions are induced by injecting selectively electrons into specific parts of
the molecule. The success of the manipulation is visualized in the recorded
tunneling current during the manipulation and in STM images taken
afterwards. We investigate isomerization of individual molecules adsorbed
on metal surfaces. For chlorobenzene and azobenzene derivatives, the
effects of different substitutional groups and different substrates are
explored.



10:40am SS2-MoMS8 State-resolved Reactivity of Methane (v;tvs) on
Ni(111), N. Chen, Y. Huang, A. Utz, Tufts University

Methane dissociation on transition metal surfaces is the rate-limiting step in
the steam reforming reaction, which is the principal route for converting
CHj,4 to H,. Understanding the dynamics of energy flow during this process
has both fundamental and practical impact. Experiments that measure the
reactivity of methane prepared in select vibrational states reveal how
specific nuclear motions promote methane dissociation. State-resolved
measurements for methane reactivity on Ni and Pt surfaces show that
molecules prepared in vibrationally excited states are more reactive than
those without laser excitation, and the efficacies of vibrational energy in
different excited states can differ significantly.

Here, we present state-resolved reactivity measurements of the v,+v,
bending combination vibration of CHs on Ni(111) as a function of
translational energy. This state is a member of the pentad of vibrational
states that can play an important role in the thermal activation of methane.
We are able to quantify the state-resolved reactivity of methane in this
particular vibrational state over a wide range of translational energies. We
compare the efficacy for v,+v, bend with that of the v; stretching and 3v,
bending states to gain insight into the ability of v, excitation to promote
dissociative chemisorption. The result permits a detailed comparison of the
role of stretch and bend excitation of methane dissociative chemisorption on
Ni(111).

11:00am SS2-MoM9 Molecular Beam Scattering of CO and CO, on
CuOy Nanoclusters Supported on Silica Fabricated by Electron Beam
Lithography, M. Komarneni, U. Burghaus, North Dakota State University
Adsorption dynamics of CO and CO, on 12 nm CuOy nanoclusters
supported on silica are studied by molecular beam scattering. Samples are
fabricated by electron beam lithography. Scanning electron microscopy,
auger electron spectroscopy, and x-ray photoelectron spectroscopy are used
to characterize the sample. Cu clusters which are nearly metallic, partially
oxidized, and fully oxidized are prepared by varying the sample treatment.
The initial adsorption probability, Sy, of both CO and CO, decreased with
an increase in impact energy, E;, and adsorption temperature, T, which is
consistent with non-activated molecular adsorption. Sy of CO approaches
the values obtained for copper single crystals for E; of 0.4 eV. This is a
result of the so-called capture zone effect, where CO molecules are trapped
on the support and subsequently diffuse to the metal clusters. Sy of CO, is
larger than for single crystals. The differences in S, for metallic and oxidic
clusters can be explained by deviations in the mass matching. In-contrast
with CO,, Sy of CO on metallic clusters is slightly larger than that of oxidic
clusters. At low E; and T, coverage dependent adsorption probabilities,
S(®), of CO and CO, on metallic clusters obeyed precursor-mediated
Kisliuk-like dynamics. At large E;, Langmuirian-like dynamics is seen for
CO which is less pronounced for CO, on metallic clusters.

11:20am SS2-MoM10 Precursor-Mediated Reactivity of Vibrationally
Hot Molecules, D. DelSesto, E. Peterson, E. Dombrowski, A. Utz, Tufts
University

Methane’s dissociative chemisorption is highly activated on a range of
transition metal surfaces. Internal-state-averaged and state-resolved beam-
surface scattering experiments show that vibrational energy (Evib ) can be
highly effective in promoting dissociative chemisorption via a direct
mechanism, but evidence for Evib activation via a precursor-mediated
mechanism on a metal surface remains scare. We will present recent
experimental results from our lab that demonstrate the ability of Evib to
promote methane dissociation via both direct and precursor mechanisms on
Ir(111). These results build on prior studies of trapping-mediated reactivity
on Ir(111)1 by exploring how Evib in the incident methane molecule
promotes reactivity, and they are consistent with the timescales and
pathways of vibrational energy flow and damping on these surfaces.

1. Seets, D. C., C. T. Reeves, et al. (1997). "Dissociative chemisorption of
methane on Ir(111): Evidence for direct and trapping-mediated
mechanisms." J. Chem. Phys. 107(23): 10229-10241.

11:40am SS2-MoM11 Three-Dimensional Spatial Distribution of
Desorbing N, and N,O from Pd(211), M. Sakurai, T. Kondo, J.
Nakamura, University of Tsukuba, Japan

Spatial distributions of N, and N,O desorbing from Pd(211), Pd(S)-
[3(111)%(100)], in temperature programmed desorption (TPD) were
measured after the N,O dosing on the surface at 60 K. About one-third of
N,O molecules on the surface are found to desorb as N, by the
decomposition with sharp concentration to 25° (6 = -25°) (100) side from
the normal direction of (211) plane at 108 K in the parallel plane to [211]
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and [-111] directions at N,O coverage of 1.0 ML. This indicates that N,
desorbs without thermal equilibration by N,O decomposition on Pd(211).
From the preferential desorption direction (6= -25°), the adsorption
structure of N,O just before the desorption is assigned as the bridge-
structure at step-site, where O and terminal-N bonded with Pd at ontop
(100) and 3fold hollow(111), respectively along the [-111] directions. On
the other hand, the spatial distribution of desorbing N,O obeyed cosine
distribution directing the normal direction to the (211) plane, suggesting the
existence of pre-desorption state on the surface.

Thin Film Division
Room: 107 - Session TF-MoM

Thin Films: Growth and Characterization 1
Moderator: J.M. Fitz-Gerald, University of Virginia

8:20am TF-MoM1 Heavy lon Irradiation Effects on Ti/Al Multilayer
Thin Films, R.S. Vemuri, The University of Texas at El Paso, 7. Varga,
S.V. Shutthanadan, S.V.N.T. Kuchibhatla, M.H. Engelhard, P. Nachimuthu,
C.H. Henager, C.M. Wang, S. Thevuthasan, Pacific Northwest National
Laboratory, C.V. Ramana, The University of Texas at El Paso

There has been growing interest in thin bi-metallic multilayer films for the
usage under extreme radiation conditions because of their radiation healing
properties. Recent discovery and research indicate that materials can be
hardened against radiation damage by building nanolayered structures with
an optimized layer thickness to increase point defect recombination relative
to a non-layered structure and that can self-heal. In this study, we
investigate whether the internal interfaces can be manipulated at the
nanoscale to enhance dynamic recombination of radiation-produced defects,
or self-healing, so as to dramatically reduce radiation damage without
compromising other properties using Ti/Al multilayer films.

Ti/Al multilayer films were fabricated on Si (100) and epi polished MgO
(100) substrates using DC magnetron sputtering and Molecular beam
epitaxy (MBE) The growth parameters for each method, for sputtering —
pressure, power and substrate temperature deposition rate; and for MBE-
deposition rate and substrate temperature were optimized to achieve high-
quality thin films. The films were characterized using x-ray diffraction
(XRD), x-ray reflectivity (XRR), Rutherford backscattering spectrometry
(RBS), and x-ray photoelectron spectroscopy (XPS) measurements. The
films show mostly polycrystalline structure with no elemental interdiffusion
at the interfaces. Detailed structural and compositional analysis was also
performed using high resolution TEM/STEM and atom probe tomography
(APT). The films were irradiated using 1-8 MeV Au ions to understand the
radiation effects. The damage peak, stopping range and ion distribution
were simulated using binary collision approximation based Monte Carlo
method (SRIM software program). Au ion energies, estimated from the
simulation, were used to position the damage peak at the interested
interfaces and away from the interfaces to obtain the complete picture at the
interfaces and in the bulk of the films. The interface and crystal lattice
damage, amorphization, and defect density were studied by RBS, HAADEF-
STEM and APT, and compared with those results from the pristine samples.
The relationships between film properties and radiation healing
characteristics will be presented and discussed.

8:40am TF-MoM2 Flux and Surfactant-Assisted Physical Vapor
Deposition: New Approaches for Improving Complex Oxide Thin Film
Growth, J.-P. Maria, E.A. Paisley, B.E. Gaddy, North Carolina State
University, M.D. Biegalski, Oak Ridge National Laboratory, D.L. Irving,
A.R. Rice, R. Collazo, Z. Sitar, North Carolina State University INVITED
Epitaxial integration of complex oxides with wide band gap polar
semiconductors such as GaN (0002) presents the possibility for high-power,
high-frequency, and high temperature GaN electronics by virtue of 2-D
charge carriers at polar interfaces and possible access to non-linear
dielectric properties. This work describes synthesis and characterization of
such thin film heterostructures by MBE, with specific attention given to
controlling film growth. Our previous work has shown growth of high-
quality MgO (111) and CaO (111) films on GaN with measured valence
band offsets > than 1 eV and conduction band offsets ~ 3.2 eV (MgO) and
~2.5 eV (Ca0O). However, the terminal 3D rocksalt growth surface is
determined by the tendency for the high-energy (111) polar orientation to
form (100)-oriented low-energy facets, and the interfacial symmetry
between cubic MgO and hexagonal GaN. Therefore, realizing smooth oxide
films on GaN requires the ability to overcome the rocksalt (001) faceting
tendency through a surfactant growth method. In this presentation we will
discuss a newly-developed surfactant approach to MBE growth of rocksalt
oxides utilizing water vapor to hydroxylate CaO and MgO (111) surfaces in
situ, which changes the equilibrium habit from cubic to octahedral,
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eliminating the (100) faceting tendency. RHEED oscillations and AFM
images of these films show 2D growth, suggesting that altering the surface
chemistry during growth plays a critical role in determining the surface
orientation. We demonstrate through electrical property measurements the
impact of smooth (111) rocksalt surfaces as leakage current densities for
thin CaO films are reduced by two orders of magnitude when films of
equivalent thickness are grown using a 2-D vs. a 3-D mode. Finally, we will
present a set of temperature ab-initio thermodynamic calculations of CaO
surface energies with and without H-containing terminations that validate
the surface-chemical mechanism of facet stabilization.

9:20am  TF-MoM4 Initiated — Chemical Vapor Deposition of
Organosilicones: from Growth Mechanism to Multilayer Moisture
Diffusion Barriers, G. Aresta, J. Palmans, M.C.M. van de Sanden, M.
Creatore, Eindhoven University of Technology, Netherlands

The state-of-the art approach in the encapsulation of high-end devices such
as flexible (polymer) solar cells and organic light emitting diodes against
water vapour permeation is an organic/inorganic multi-layer system.
Although this approach allows increasing the lifetime of the encapsulated
device, the optimization of a multi-layer is rather empirical as the
mechanisms behind the improvement of the barrier performance are not yet
unraveled. In particular, the role of the organic interlayer is rather
controversial since effectively it does not act as a moisture vapor barrier, yet
its application appears to be fundamental in the multi-layer solution. In this
contribution, the role of the organic interlayer is investigated by selecting a
system in which the barrier layer, a 100 nm-thick SiO, film, is plasma-
deposited while the organic interlayer, a 200 nm- thick organosilicon film,
is synthesized by means of initiated- chemical vapor deposition, i.e. via
thermal decomposition of an initiator molecule promoting the
polymerization of 1,3,5-trimethyl-1,3,5-trivinyl-cyclotrisiloxane (V;D;) at
the substrate.

The implementation of in situ (real time) spectroscopic ellipsometry allows
following the different growth stages in the V3;D; polymerization process. In
particular, when applied to the polymer bulk growth, the determination of
the growth rate allows monitoring the transition from a kinetic-limited (with
activation energy of 65 = 4 kJ/mol) to a mass transfer-limited regime.
Furthermore, the deposition process is found to be monomer adsorption-
limited with an activation energy of -39 + 4 kJ/mol. When spectroscopic
ellipsometry is applied to the initial monomer adsorption steps, isothermal
adsorption/desorption studies provide insight into the microstructure of the
underlaying SiO, barrier layer, characterized by a residual open porosity in
the micro/meso transition region (pore radius < 2nm). The microstructure
characterization by means of the above-mentioned studies implicitly points
out the role of the i-CVD organic interlayer in multi-layer barrier structures,
i.e. the filling of the open micro-meso porosity of the inorganic barrier
layer, therefore, improving the intrinsic barrier quality of the underlaying
SiO, film. This outcome nicely correlates with the superior water vapor
barrier performances (a barrier improvement factor of 2400 is reported with
respect to the pristine polymer) of multi-layers based on the application of i-
CVD organic interlayers with respect to fully-PECVD developed multi-
layers.

9:40am TF-MoMS5S Processing and Characterization of Iron and
Fluorine Co-Doped Bay¢Sro4TiO; Thin Films, F. Stemme, H. Gesswein,
C. Azucena, Karlsruhe Institute of Technology (KIT), Germany, M.
Sazegar, Darmstadt University of Technology, Germany, J.R. Binder, M.
Bruns, Karlsruhe Institute of Technology (KIT), Germany

Barium strontium titanate (BST) is a very promising material for tunable
microwave applications like phase-shifters and tuneable filters. Due to this
the influence of e.g. annealing conditions and processes on thin film
properties and their dielectric performance were largely investigated. But
very few researchers have tried to change the sputtered BST thin film
properties by using different dopants at the same time. Such iron and
fluorine co-doped thin films can be achieved by RF magnetron sputtering,
with a co-sputter target and a two step annealing process after deposition.
The first annealing process provides the crystallinity of the films. In the
second annealing process the fluorine co-dopant is introduced into the BST
thin films by a diffusion controlled process.

The present contribution focuses on the processing and characterization of
the iron doped BST thin films with various amounts of fluorine co-dopant.
The characterization of the thin films by X-ray photoelectron spectroscopy
(XPS) provides chemical binding states and film composition. XPS and
time of flight secondary ion mass spectrometry (ToF SIMS) sputter depth
profiles prove the chemical homogeneity and the film thickness. Grazing
incident X-ray diffraction (XRD) and Raman spectroscopy validate the
crystallinity and the identification of chemical phases. Furthermore film
morphology is determined by scanning electron microscopy (SEM) and
atomic force microscopy (AFM). Dielectric measurements, to investigate
the influence of the donor and acceptor co-doping on the dielectric

Monday Morning, October 31, 2011

24

performance, were carried out in metal insulator metal (MIM) structures
with ground signal ground probes.

10:00am TF-MoM6 Advances in the Growth of Epitaxial Oxides for
Neuromorphic Computing Applications, J.D. Greenlee, W.L. Calley,
W.A. Doolittle, Georgia Institute of Technology

Present-day computing devices are approaching performance limits due to
excess heat and parasitic capacitance degrading performance. One proposed
solution, termed ‘“neuromorphic computing”, is to perform computations
similarly to the brain.

A key enabling device for neuromorphic computing is the lithium niobite
(LiNbO2) memristor[1]. Like synapses in the brain, LiNbO2 memristors
can exhibit excitatory or inhibitory behavior. This is due to the ability to
produce both n and p-type LiNbO2 memristors, a unique property for an
oxide. As shown in Figure 1, when a voltage is applied across an n-type
memristor (left), resistance increases over time, whereas a p-type memristor
exhibits decreasing resistance (right). N-type memristors are grown with
excess oxygen vacancies while p-type memristors are grown with excess
lithium vacancies. N- and p- type films are very conductive, exhibiting
resistances of 4.3x10-4 Q-cm(p-type) and 3.9x10-4 Q-cm(n-type) with
carrier concentrations higher than 1021 cm-3 and Hall mobilities greater
than 8 cm2/V's.

The epitaxial growth of LiNbO2 is the enabling technology for the
memristors described above. Growths are conducted using an oxy-chloride
MBE system in which metal-halide sources interact with lithium and
oxygen [2]. Lithium acts as a getterer for the chlorine from the metal-halide,
and the resulting LiCl is desorbed from the heated growth surface. The bare
metal then oxidizes under the application of a oxygen plasma and combines
with lithium. This growth chemistry has been used to produce
dielectric/ferroelectric lithium niobate (LiNbO3), semiconducting lithium
niobite (LiNbO2), and lithium cobalt oxide (LiC002).

Insulating LiNbO3 (Figure 2) and semiconducting LiNbO2 (Figure 3) are
grown using NbCI5, and the phase of the material is controlled by the
niobium to oxygen ratio delivered to the growth surface. Both single crystal
LiNbO3 and LiNbO2 have been epitaxially grown on AI203 and SiC.
LiNbO3 is a promising lattice matched, ferroelectric transistor gate high-k
oxide for its semiconducting sub-oxide, LiNbO2. LiNbO2 has a layered,
lithium-intercalated structure [3] (Figure 4). When lithium is removed,
holes are introduced which increases the conductivity of p-type material and
decreases the conductivity of n-type material, thus producing the
memristance effect described herein.

LiCoO2 is grown on Al203 using CoCl2 as the precursor (Figure 5). Like
LiNbO2, LiCoO2 has a layered structure that facilitates lithium movement.
The lattice spacing of LiCoO2 is closely matched to LiNbO2 (2.81 A and
291 A respectively), thus making it an attractive material for
heterostructures of lithium-bearing semiconductor materials.

10:40am TF-MoM8 New Method to Produce High-Quality Epitaxial
Ge on Si Using SiO,-Lined Etch Pits and Epitaxial Lateral Overgrowth
for I1I-V Multijunction Solar Cells, D. Leonhardt, S.M. Han, University
of New Mexico

Integrating a high-quality layer of epitaxial Ge on Si has been a
longstanding engineering challenge, despite its technological importance.
The applications of Ge-on-Si include ‘virtual substrates’ for III-V
multijunction solar cells, high-mobility field-effect transistors, and optical
interconnects monolithically integrated with Si-based circuitry. The primary
difficulties in achieving Ge films of sufficient quality stem from the lattice
mismatch that leads to a large density (> 10° cm™) of threading dislocations
(TDs) and the thermal expansion coefficient mismatch between Ge and Si
that leads to microcracks or delamination of Ge film upon cooling from
growth to room temperature. Herein, we present a new method to reduce the
TD density, using a minimal number of standard microfabrication steps.
The method begins with growing a 500-nm-thick epitaxial Ge layer on Si. A
post-growth anneal step leads to a TD density of approximately 5x10” cm?,
as revealed by plan-view transmission electron microscopy (TEM) and etch
pit density (EPD) measurements. The close agreement between EPD
measurements and TEM shows that the EPD measurements reliably
decorate all TDs. Etch pits are created around the dislocation cores in the
Ge film. A 15-nm-thick layer of SiO, is subsequently deposited on the etch-
pit-decorated Ge film. A thin layer of polymethyl methacrylate is then spin-
coated onto the sample, which fills the etch pits and planarizes the Ge
surface. Next, a reactive ion etching step is used to remove the polymer and
SiO, from the planar regions of the sample surface surrounding the etch
pits. An O, plasma is then used to selectively remove the remaining
polymer, so that SiO, remains only within the etch pits. Lastly, a second
layer of Ge is selectively grown on the exposed Ge surface and laterally
over the SiO,-lined etch pits until a fully coalesced Ge film is created. A
final polishing step produces an atomically flat continuous Ge film. Ensuing
EPD measurements reveal that the density of twin defects and TDs in the



upper Ge layer is approximately 1.7x10° cm™, such that the overall defect
density is reduced by a factor greater than 30 compared to that in the initial
Ge layer. Both theoretical and experimental evidence suggest that the defect
density in GaAs films on Ge/Si must be less than 2x10° cm™ to have a
minority carrier lifetime comparable to GaAs films grown on Ge and GaAs
substrates. Therefore, our new method of using SiO,-lined etch pits to block
the propagation of TDs in Ge may finally lead to device quality III-V
materials integrated on Si substrates.

11:00am TF-MoM9 Three Dimensional Reciprocal Space
Measurements by X-ray Diffraction using Linear and Area Detectors:
Application to Texture and Defect Determination in Oriented Thin
Films and Nanoprecipitates, S. Gaudet, S. Lambert-Milot, P. Desjardins,
Ecole Polytechnique de Montréal, Canada, K. Dekeyser, C. Detavernier,
Ghent University, Belgium, J.L. Jordan-Sweet, C. Lavoie, IBM T.J. Watson
Research Center

Very thin films grown or deposited on oriented substrates are often
composed of highly oriented phases. Traditional x-ray diffraction
approaches, scanning only limited portions of the reciprocal space, can fail
to characterize some phenomenon occurring in those thin films. We
developed an approach for the fast and efficient measurement of complete
volumes of the reciprocal space by x-ray diffraction using linear and area
detectors. In this presentation, we show how it allowed a detailed
understanding of the solid-state thin film reaction to form contacts on
transistors and of the growth of magnetic nanoprecipitates by metalorganic
vapor-phase epitaxy. We first explain the procedures and scan strategies
required for transforming raw scattering data into three-dimensional maps
of the reciprocal space, and we present a complete open source software
package for advanced data processing, analysis, and visualization. Case
studies, chosen to highlight the overall capabilities of the technique, are
then introduced. First, thermal diffuse scattering from a monocrystalline Si
substrate is characterized. The presence of lines linking diffraction peaks in
reciprocal space reflects the interaction of the x-ray beam with the phonon
spectrum of the monocrystal. Second, a detailed investigation of texture in
multiphase thin layers permits to reveal the unambiguous presence of fiber,
axiotaxial, and epitaxial components in extremely oriented films. The
visualization of the entire reciprocal space allowed us to identify
unexpected metastable phases that could not be deduced or observed from
measurements carried out in the Bragg-Brentano geometry. Finally, we
present an investigation of defects in two thin film systems: planar defects
in nickel silicide layers formed by solid-state reactions and microtwins in a
GaP matrix containing coherent MnP precipitates. In summary, the
systematic acquisition of significant volumes of the reciprocal space allows
for the observation of behaviors that could otherwise remain undetected
when restricting the analysis to typical measurement scans.

11:20am TF-MoM10 Surface Characterization of Zr/Ti/Nb Tri-
layered Films Deposited by Magnetron Sputtering on Si(111) and
Stainless Steel Substrates, D.A. Tallarico, Federal University of Sao
Carlos, Brazil, A.L. Gobbi, Brazilian Synchrotron Light Laboratory, Brazil,
P.I. Paulin-Filho, Federal University of Sao Carlos, Brazil, 4. Galtayries,
Ecole Nationale Superieure de Chimie de Paris, France, P.A.P. Nascente,
Federal University of Sao Carlos, Brazil

Titanium is a metal commonly used in medical implants, due to its
interesting properties, such as high mechanical strength, good corrosion
resistance in extreme conditions, and excellent thermal stability. Ti-6Al-4V
is one of the main biomaterial alloys employed as implants, but the release
of Al and V ions is associated to health problems and adverse tissue
reactions. A new class of Ti alloys employs Zr for solid-solution hardening
and Nb as B phase stabilizer. Metals such as Ti, Nb, and Zr, known as valve
metals, usually have their surfaces covered by a thin oxide film
spontaneously formed in air. This oxide film constitutes a barrier between
the metal and the medium. The Ti-Nb-Zr alloys have mechanical and
corrosion resistance characteristics which make them suitable for use as
implants. Tri-layered films of Ti-Nb-Zr were deposited on both Si(111) and
stainless steel substrates using a DC magnetron sputtering equipment, under
an argon atmosphere. The films were deposited in the following manner: a
100 nm thick layer of Nb was deposited on a Si(111) substrate, then a 200
nm layer of Ti was deposited on top of Nb/Si, and lastly a 50 nm layer of Zr
was deposited on top of Ti/Nb/Si. A similar Zt/Ti/Nb film was also grown
on stainless steel substrate. The structure, morphology, and chemical
composition of the films were analyzed by means of X-ray diffraction
(XRD), atomic force microscopy (AFM), X-ray photoelectron spectroscopy
(XPS), and time-of-flight secondary ion mass spectrometry (ToF-SIMS).
The XPS results for the Zr/Ti/Nb layers deposited on Si(111) presented a
predominance of ZrO, on the surface, and Nb,Os and a small quantity of
TiO,. For the layers deposited on stainless steel, only ZrO, and a small
amount of niobium oxide were detected. The ToF-SIMS results indicated
the formation a three-layered film on Si(111), with each metal in a distinct
layer and a well-defined interface between the layers, while the deposition
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on the stainless steel substrate caused slight intermixing at the Nb/Ti and
Ti/Zr interfaces. AFM images showed that the Zr/Ti/Nb tri-layer films
presented nanostructured grains and low roughness, with the film deposited
on stainless steel having the roughest surface.

11:40am TF-MoM11 PECVD Synthesis of Hybrid Organic-Inorganic
Nanolaminates, R. Patel, C.A. Wolden, Colorado School of Mines

Hybrid organic-inorganic nanolaminates combine the functionality of an
inorganic material with the flexibility and mechanical integrity provided by
the organic polymer layer. They are integral components in various
applications serving as advanced dielectrics, flexible barrier coatings, and as
optical components. This work focuses on the low temperature synthesis of
alumina/silicone nanolaminates by plasma-enhanced chemical vapor
deposition (PECVD) in a single chamber for dielectric applications.

Self-limiting synthesis of alumina was accomplished via pulsed PECVD at
the synthesis temperature of ~ 100 °C using trimethyl aluminum (TMA) and
oxygen as precursors. The deposition kinetics and film quality were
evaluated as a function of precursor exposure, plasma power, substrate
temperature, and pulse parameters. Film composition was assessed by using
spectroscopic ellipsometry and Fourier transform infrared spectroscopy
(FTIR). The deposition rate per pulse scaled with the degree of precursor
exposure during the plasma off step. Through appropriate control of the
TMA concentration and pulse duration, the depositing rate could be
adjusted over a narrow range (1.6 — 2.8 A/pulse). Alumina films deposited
at 105 °C contained a very small concentration of hydroxyl impurities.
Polymeric silicone-like coatings were deposited using
hexamethyldisiloxane (HMDSO) and oxygen as precursors. A wide range
of coatings, from inorganic SiO,-like films to flexible polymeric films could
be deposited by appropriate control of parameters including the rf power,
substrate temperature and working pressure. Growth rates as high as 100
nm/min were obtained for polymeric silicone films.

Alumina/silicone nanolaminates were constructed as a function of
nanolaminate composition and dyad thickness. Precise control of
nanolaminate construction was confirmed through field emission scanning
electron microscopy (FE-SEM) and transmission electron microscopy
(TEM). The dielectric performance of these structures was examined by
using capacitance-voltage and current-voltage measurements. The effective
dielectric constant could be controlled by changing the alumina content of
the nanolaminates, and modeling these structures as capacitors in series
accurately described the observed variations in k.

Vacuum Technology Division
Room: 111 - Session VT-MoM

Vacuum Measurement, Calibration & Primary
Standards, Gas Flow and Permeation
Moderator: R. Garcia, SAES Getters

8:20am VT-MoM1 Transportable NIST Traceable Vacuum Standards
for Secondary Calibration Laboratories and International Key
Comparisons, J.H. Hendricks, D.A. Olson, J.E. Ricker, National Institute
of Standards and Technology

Over the past decade, NIST has designed and built several high-stability
transfer standard packages (TSPs) that have proven to be ideally suited for
inter-laboratory comparisons in the atmospheric pressure and vacuum
pressure range [1]. In the mid 1990’s the development and use of micro
electro mechanical systems (MEMS) enabled pressure sensor technology to
make significant advances in both precision and accuracy. Resonant silicon
gauges (RSGs) are MEMS sensors that are manufactured by
micromachining silicon to produce silicon diaphragms nominally a few
millimeters square by a fraction of a millimeter thick [2]. NIST has found
that these gauges are very stable, rugged, and ideally suited as core
technology for a high-stability precision pressure and vacuum standard. The
RSG sensors with full-scale ranges of 10 kPa and 130 kPa have shown
excellent stability [3]. However, one drawback of the RSGs is that they lack
the sensitivity and resolution of capacitance diaphragm gauges (CDGs) with
full-scale ranges of 133 Pa. The downside of only using these CDGs is their
relatively poor calibration stability when compared to 10 kPa full scale
range RSGs. The NIST solution has been to combine the high-resolution of
the 133 Pa CDGs, with the high-stability of the 10 kPa RSGs into one
transfer standard package. The RSG gauges are then used to determine the
calibration drift in the CDGs at the time of use. A recently completed set of
transportable NIST traceable vacuum standards with a range of 1 Pa to
10,000 Pa will be highlighted. These TSPs consist of pairs of 10 kPa RSGs
and pairs of 133 Pa CDGs encased in temperature controlled enclosures that
further enhance gauge performance. These standards will be used for an

Monday Morning, October 31, 2011



upcoming international key comparison in absolute pressure from 1 Pa to
10,000 Pa.

[1] Hendricks, J.H., Olson, D.A., Physics World, Vacuum Challenges and
Solutions (2009) 18-19.

[2] Harada, K. et.al. 1999 Sensors and Actuators 73 261-266.
[3] Hendricks, J.H. et.al. Metrologia 44 (2007) 171-176.

8:40am VT-MoM?2 Extending the Range of the Spinning Rotor Gage
for Vacuum Measurements and Calibrations, M.L. Duncan, J.A. Keck,
Oak Ridge National Laboratory INVITED
The spinning rotor gage (SRG) has long been the primary transfer standard
used by metrology laboratories for providing traceability of measurements
from field vacuum devices to primary vacuum standards maintained at
national measurement institutes. The useful range of the SRG, in its current
commercial form, is somewhat limited by several factors including the
relatively small change in momentum of the rotating sphere caused by the
adsorption/desorption of gas molecules as the gas pressure (and thus
number of molecules adsorbing/desorbing) decreases. Current technology
limits the low pressure end of this range to about 2E-5 Pa with a K=2
uncertainty of approximately 1-3%.

Efforts are currently underway at the Oak Ridge National Laboratory to
increase the range of the commercial SRG by approximately a decade by
increasing the sensitivity of the rotor's momentum change to the low
number of gas molecules available for adsorption/desorption at the lower
pressures. Efforts are also underway to improve the uncertainty of the
existing commercial SRG through better measurement and characterization
of the thermal expansion of the spinning rotor itself. This paper will report
on the progress of these efforts to date, some of the challenges discovered
during the development process and plans to address those challenges

9:20am VT-MoM4 Cold Electron Source Used as Electron Source in
Familiar Vacuum Measurement Devices, P.C. Arnold, Brooks
Automation, Inc., G.A. Brucker, Brooks Automation, Inc., Granville-
Phillips Products

Both a Bayard-Alpert type ionization gauge and a partial pressure analyzer
have been fabricated and tested with cold electron sources. These vacuum
measurement devices showed performance for their intended use generally
similar to operation with thermionically heated hot cathode electron
sources. The benefits from a cold cathode electron source are several:
reduced heat input to the system, lack of electron emission failure due to
detrimental gases of the environment, non-susceptibility to deposits of the
chemistry of the environment, non-interaction with the environment which
interaction could produce gas species other than that occurring as part of the
activity of the chamber, and finally fast turn-on to the electron emitting
state. Details of the constructions, using an electron multiplier as the
electron source, as well as the methods of controlling the electron emission
current itself will be described. Test models, test conditions, and test results
will be shown for a recently designed autoresonant ion trap mass
spectrometer and an otherwise nearly traditional Bayard-Alpert ionization
gauge.

9:40am VT-MoMS5S Review of Thermal Conductivity Vacuum Gauges,
M. Wiiest, INFICON Ltd, Liechtenstein

Thermal conductivity gauges are ubiquitous in vacuum industry. In the form
of Pirani gauges they are a mainstay of cost-effective measurement in the
fine vacuum range. Different realizations of the Pirani gauge will be
discussed from the classical heated wire sensor to the newer micromachined
sensors. We will review not only basic parameters such as measurement
range and sensitivity but also topics interesting for industrial applications
such as dynamical response, robustness and inertness in industrial
processes.

10:00am VT-MoM6 Investigation of the Hot Cathode Ionization
Vacuum Gauge; Stability and Reliability on the Point of View of
Traceability, N. Takahashi, ULVAC Inc., Japan

Many hot cathode ionization gauges have been developed focused on the
lower limit of the pressure measurement. We have also developed the Axial
symmetric transmission gauge (AT gauge) which lower limit of the pressure
measurement is lower than 10™° Pa.

On the contrast, stability and reliability are important for the industrial field
and metrological traceability field.

Traceability of the vacuum gauge in the range of 1 to 10™* Pa is established
by the spinning rotor vacuum gauge. The uncertainty of the spinning rotor
vacuum gauge includes its stability is estimated 1 % to few %. However,
the sensitivity of the ionization gauges, which usually are the calibration
item of the reference spinning rotor vacuum gauge, changes few % to few
tenth %. Sensitivity change was caused by following; geometry change of
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the electrodes, change of the electron emission region on the hot cathode,
contamination of the electrodes, etc.

We have investigated small all metal sealed triode type hot cathode
ionization gauge on the contrast to the conventional glass bulbed triode type
hot cathode vacuum gauge and all metal sealed BA gauge. The stability of
the sensitivity of the small triode ionization gauge was less than 0.5% for 6
month before the huge earthquake happened in Japan. At the disaster, turbo
molecular pump was crashed. We could report the sensitivity change of the
gauge after the pump change.

We also demonstrate the benefit of the triode vacuum gauge in the
contaminated vacuum system.

We will summarise the triode vacuum gauge is better charactristics than
conventional glass bulbed triode vacuum gauge and BA gauge in the field
of industrial field and metrological traceability field.

10:40am  VT-MoMS8 On the Stability of Capacitance-Diaphragm
Gauges with Ceramic Membranes, K. Jousten, Physikalisch-Technische
Bundesanstalt, Germany, S.P. Naef, INFICON Ltd, Liechtenstein
Capacitance-diaphragm gauges with ceramic membranes or diaphragms
have been on the market for

about 15 years. The long-term stability of these devices with full scales
from 13 Pa to 133 kPa

has been tested in the past decade by the calibration of gauges used by the
manufacturer as reference

gauges on the production line. These reference gauges were calibrated
annually on a primary

standard. It was found that the reproducibility of these devices depends on
their full scale. For

13 Pa, the annual reproducibility near full scale varied between 0.02% and
0.05%, and for full scales

of 133 Pa and higher, it varied between 0.005% and 0.03% of full scale.
The reproducibility of the

ceramic capacitance-diaphragm gauges for full scales of 133 Pa and 1.3 kPa
was significantly lower

than the uncertainty of a primary standard applying the static-expansion
method.

11:00am VT-MoM9 Thermal Transpiration Effects in Capacitance
Diaphragm Gauges with Helicoidal Baffle System, M. Vargas, Institute
of Mechanics - Bulgarian Academy of Sciences, M. Wiiest, INFICON Ltd,
Liechtenstein, S.K. Stefanov, Institute of Mechanics - Bulgarian Academy
of Sciences

The Capacitance Diaphragm Gauge (CDG) is one of the most widely used
vacuum gauges in low and middle vacuum ranges. This device consists
basically of a very thin ceramic or metal diaphragm which forms one of the
electrodes of a capacitor. The pressure is determined by measuring the
variation in the capacitance due to the deflection of the diaphragm caused
by the pressure difference established across the membrane. In order to
minimize zero drift, some CDGs are operated keeping the sensor at a higher
temperature. This difference in the temperature between the sensor and the
vacuum chamber makes the behavior of the gauge to be non-linear due to
thermal transpiration effects. This effect becomes more significant when we
move from the transitional flow to the free molecular regime (Kn > 0.1).
Besides, CDGs may incorporate different baffle systems to avoid the
condensation on the membrane or its contamination.

In this work, the thermal transpiration effect on the behavior of a rarefied
gas and on the measurements in a CDG with a helicoidal baffle system is
investigated by using the Direct Simulation Monte Carlo method (DSMC).
This technique is based on the discretization of the number of particles, the
space and the time domains, and it combines deterministic aspects for
modelling the particle motion with statistical aspects for computing the
collisions between particles. The study covers the behavior of the system
under the whole range of rarefaction, from the continuum (Kn < 0.01) up to
the free molecular limit (Kn > 100), for various temperature differences and
different temperature gradient configurations (with radial and axial
components). Moreover, in order to analyse the dynamic response of the
system to a change in the sensor temperature from an initial isothermal
configuration, some non-steady state calculations are performed. In this way
the evolution of the macroscopic properties of the gas is studied from the
initial moments until the steady state is achieved.



11:20am VT-MoM10 Direct Conductance Measurements of Laser-
Drilled Pinhole Apertures, J.A. Fedchak, D.R. Defibaugh, National
Institute of Standards and Technology

A pinhole orifice with a known conductance can be used as a secondary
flow standard. We are interested in using pinhole orifices to produce
nitrogen gas flows into vacuum in the range of 10" mol/s to 10* mol/s (107
to 102 cm®/s; STP) for vacuum gauge calibrations because a flowmeter
based upon an appropriate set of orifices is easy to operate and automate.
Commercially available laser-drilled pinhole orifices with diameters from 1
um to 50 um can have molecular-flow conductances, Cy, ranging from
about 0.1 pL/s to 230 pL/s for N, at 23 °C, and can be used to produce gas
flows in the range of interest by applying an upstream pressure in the range
of 10 Pa to 100 kPa (0.1 to 760 torr). Accurate measurements of the orifice
conductance, C, as a function of pressure are required to use the pinhole
orifice as a basis of a flowmeter. The NIST bellows flowmeter is a primary
gas flow standard that was used to directly measure the conductance of a
pinhole orifice to better than 0.2 % over the entire pressure range of interest.
We present results of the conductance measurements for nitrogen and other
gases. One might expect that the differences among the gases would be
mainly due to their different thermal velocities, and that those differences
would disappear when the normalized reduced flow rate (C/Cy) is plotted as
a function of inverse Knudsen number. However, this was not the case at
higher pressures. For example, the reduced flow rate for nitrogen was
smaller than for argon at the same inverse Knudsen number. Following a
suggestion by Jitschen (Vacuum 76 (2004) 89-100), the effect of the heat
capacity ratio on C/C was investigated.
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Applied Surface Science Division
Room: 102 - Session AS-MoA

Quantitative Surface Chemical Analysis and Technique
Development - Part 11
Moderator: M.S. Wagner, The Procter & Gamble Company

2:00pm AS-MoAl Surface-based Model Systems of Biomolecular
Hydrogels - From Supramolecular Organization and Dynamics to
Biological Function, N.S. Baranova, S. Attili, CIC biomaGUNE, Spain,
R.P. Richter, CIC biomaGUNE & MPI for Intelligent Systems, Spain

INVITED
Nature has evolved complex materials that are exquisitely designed to
perform specific functions. Certain proteins and glycans self-organize in
vivo into soft and dynamic, strongly hydrated gel-like matrices. Illustrative
examples of such biomolecular hydrogels are cartilage and mucus.
Although biomolecular hydrogels are ubiquitous in living organisms and
fulfill fundamental biological tasks, we have today a very limited
understanding of their internal organization, and how they function. The
main reason is that this type of assemblies is difficult to study with
conventional biochemical methods.

In order to interrogate biomolecular hydrogels directly on the
supramolecular level, we have developed an unconventional approach that
draws on knowledge from several scientific disciplines. Exploiting surface
science tools, such as supported lipid bilayers, we tailor-make model
systems by directed self-assembly of purified components on solid supports.
With a toolbox of surface-sensitive analytical techniques, including quartz
crystal microbalance, ellipsometry, atomic force microscopy and
microinterferometry, these model systems can be investigated quantitatively
and in great detail. From the experimental data, combined with polymer
theory, we develop a better understanding of the relationship between the
supramolecular organization and dynamics of biomolecular hydrogels, their
physico-chemical properties and their biological function. To illustrate this
concept, I will present some of our recent work on the “sweet” jelly-like
matrix that forms around the mammalian egg during ovulation (the so-
called cumulus cell-oocyte complex matrix) and that is crucial for fertility,
and on the proteoglycan-meshwork that contributes to the load-bearing and
lubricating properties cartilage.

2:40pm AS-MoA3 Soft Cluster-Induced Desorption and Ionization of
Biomolecules — Influence of Surface Load and Sample Morphology on
Desorption Efficiency, M. Baur, B.-J. Lee, HS Esslingen, Germany, C.R.
Gebhardt, Bruker Daltonik, Germany, H. Schroder, K.-L. Kompa, MPI for
Quantum Optics, Germany, M. Durr, HS Esslingen, Germany

Neutral cluster-induced desorption and ionization is a very soft method for
transferring surface-adsorbed biomolecules into the gas phase [1]. Using
neutral SO, clusters seeded in a He beam, the method makes use of the
dipole moment of the cluster's constituents which allows both for solvation
and charge transfer processes in the cluster [2]. Thus the cluster provides
not only the energy for the desorption process but also serves as a transient
matrix. As a consequence, desorption and ionization of oligopeptides and
proteins is observed at low energies of the impacting clusters and without
any fragmentation of the biomolecules.

Here we show that cluster-induced desorption and ionization of
biomolecules can be efficiently applied for a wide range of surface
concentrations and configurations, i.e. from pm-thick films down to
surfaces prepared with submonolayer surface concentration of
biomolecules. Highest signal intensity in the respective mass spectra was
observed from thick films, indicating an efficient desorption mechanism
from bulk-like material. In the submonolayer regime, the ion signal of the
desorbed biomolecules was found to depend nonlinearly on surface
concentration of the wet-chemically applied biomolecules. The behavior is
traced back to the formation of multilayered islands of biomolecules on the
surface, as observed by means of SEM and AFM, and a dominant
contribution to the ion signal from these islands even at low coverage. With
the current set-up and preparation scheme, the lower detection limit was
shown to be 10" mol.

[1] C. R. Gebhardt, A. Tomsic, H. Schroder, M. Diirr, and K.L. Kompa,
Angew. Chem. Int. Ed. 48, 2009, 4162.

[2] C. R. Gebhardt, H. Schrdder, K. L. Kompa, Nature 400, 1999, 544.
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3:00pm AS-MoA4 Sensitive Elemental Analysis of Materials via
Femtosecond Ablation Time of Flight Mass Spectrometry, J.F. Moore,
MassThink, S. Milasinovic, Y. Cui, J.S. Penzak, Y. Liu, R.J. Gordon, L.
Hanley, University of Illinois at Chicago

A new instrument is described which is capable of delivering ~70 fs pulses
of 800 nm light to a 100 pm focus; this instrument can ablate small volumes
(100-1000 pm®) of material from a sample (e.g. a 10 um spot to a depth of 3
um) and analyze the ions formed in the ablation process by time of flight
and quadrupole mass spectrometry. Some novel features of this instrument
include (1) a variable pressure source that allows collisional cooling of ions
from the ablation plume, (2) the ability to use fs pulse pairs as well as
temporally shaped laser pulses with a variable delay line to provide control
over the ablation and ion formation process, and (3) a high velocity sample
stage combined with a rapid data acquisition system that allows rapid
scanning of materials at kHz repetition rate (of ablation events). Results
from the ablation of elemental samples (Mg, Al, Si, Cu, Mo, Ag, Ta, Au)
and metal alloys will be presented along with microscopy of ablation craters
and a discussion of fluence dependence, useful yield, and instrumental
sensitivity. Although the current system provides analysis on the micron
scale, plans to extend its capability to the nanometer scale and to apply
ablation to nanoparticles are being made and will be addressed.

3:40pm  AS-MoA6 Interlaboratory Study on Consistency and
Reproducibility of Sputter Rate Measurements, M.H. Engelhard, D.R.
Baer, Pacific Northwest National Laboratory

The method and procedures used by many researchers doing sputter depth
profiling has evolved from the experience of many researchers using several
generations of sputter ion guns. Often considerable instrument time is used
to establish the sputtering rate for specific instrument configuration and
operating conditions at the time of analysis. We have conducted an inter-
laboratory “round robin” study help identify the types of variations actually
observed in sputtering systems in use today to help determine the time
frame for which calibration may be needed, depending on the type of
information required by the analysis. The depth of thin layers was identified
as a major information need in surface analysis by surveys done for E42 and
ISO TC201. This “round robin” was undertaken as an ASTM International
Interlaboratory Study (ILS 229) The results obtained from this study will be
used to determine a required frequency of ion gun sputter rate calibration
and for the development of a guide or standard.

In this poster we present results obtained from seven ILS-229 participants.
Each participant was sent a package containing 7 SiO, coupons with known
thickness measured using a J. A. Woollam Co. o-SE Spectroscopic
Ellipsometer. The participants were asked to perform 5 depth profiles using
identical ion gun settings at different time intervals: Immediately after
turning the ion gun filament (minimal warm up), after a 60 minutes filament
warm up period (typical warm up), at the end of the day (filament on all
day), the following day (typical filament warm up of 60 min.), and after one
week (typical filament warm up of 60 min.) The sputter rates were
determined from a plot of the Si and O intensity as a function of sputter
time. The time needed to sputter through the entire SiO, layer (when the O
signal drops to 50% of the plateau value) is identified as the sputter time.
The sputter time tq, is determined using ASTM Standard Practice E 1636-04
“Analytically Describing Sputter-Profile and Linescan Profile data by an
Extended Logistic Function”. The results demonstrate both the excellent
consistency of sputter conditions for many ion gun systems, but also the
need to have a process to actually determine the stability of a specific ion
gun system and configuration.

4:00pm AS-MoA7 Post-Acquisition Mass Resolution Improvement in
Time-Of-Flight Secondary Ion Mass Spectrometry (TOF-SIMS), S.J.
Pachuta, P.R. Viasak, 3M Company

Time-of-flight secondary ion mass spectrometers employing pulsed primary
ion beams provide excellent mass resolution, on the order of 10,000 (full-
width-at-half-maximum) over most of the spectral range. Unfortunately,
even with all instrumental parameters optimized, ultimate mass resolution
can only be achieved by sampling a relatively small area on a smooth
surface oriented perpendicular to the extraction optics, under a uniform
electric field. It is often difficult to meet these four criteria simultaneously.

These criteria fall into two categories, geometric and electrical. Mass
resolution degradation due to geometric factors is the result of a distribution
of flight times for ions of the same mass, caused by secondary ions
originating from different vertical and horizontal positions within the
analysis area, and, for rastered primary ion beams, by differences in the
flight times of primary ions across the rastered area. Partial correction of
these problems can be achieved in real time through hardware and software
compensation, but the instrument must be well-tuned. For insulators,



electrical effects may be convoluted with geometric factors and influence
mass resolution in a number of unpredictable ways.

For data acquired in “raw” mode (full spectrum at every pixel), it is
sometimes possible to correct for these real-world difficulties after data
acquisition. Two approaches are employed. The first involves subdividing
the analysis area into a regular grid of smaller regions and extracting mass
spectra from each region. The extracted spectra are individually calibrated
by an automated process, and all or an optimized portion of the spectra are
summed to produce a new spectrum with higher mass resolution than the
original total spectrum. Interestingly, the spectral calibration information
can be used as a diagnostic tool for instrument alignment and tuning.

The second approach is effective for improving mass resolution in spectra
of rough surfaces, such as fabrics. Unlike the first approach, the analysis
area is not subdivided into a regular pattern. Rather, spectra are obtained
from regions of similar height, identified by any of four methods ranging
from manual selection of regions-of-interest to automated pixel selection
using principal component analysis and multivariate curve resolution. The
automated methods have the advantage of simultaneously optimizing the
mass resolution and the spectral counts without having to take a trial-and-
error approach.

With these methods, mass resolution improvements of 20% - 50% are
typical for smooth surfaces, and much larger improvements can be achieved
for rough surfaces.

4:20pm  AS-MoA8 ToF-SIMS Analysis of Iron Oxide Particle
Oxidation by Isotopic and Multivariate Analysis, J. Ohlhausen, E.
Coker, A. Ambrosini, J. Miller, Sandia National Laboratories

A procedure for quantitative ToF-SIMS analysis of the re-oxidation of iron
oxide particles in a ceramic matrix is discussed. Iron oxide is reacted with
yttria stabilized zirconia (YSZ) to create a composite that facilitates the high
temperature decomposition of CO, and H,O. In the two step process, Fe;04
is partially reduced to FeO by heating to high temperatures (>1300 °C)
under inert atmosphere. It is then re-oxidized at < 1200 °C under CO, or
H,0 yielding CO or H, respectively. The reactivity of this two step solar-
thermochemical process is being investigated by varying the concentration
of iron in YSZ up to and past its solid solubility point, thus affecting the
size of iron oxide particles in the matrix, and hence their rate and extent of
re-oxidation. For the SIMS experiment, the YSZ sample containing natural
abundance iron oxide was mixed with an organic binder, isostatically
pressed into a disc and calcined in air at 1450 °C. This disc (~ 10mm
diameter, 2mm thickness) was thermally reduced at 1400 °C and then re-
oxidized at 1100 °C in the presence of C'%0,. The ratio of '*0 to '°O shows
the extent of oxygen exchange for each iron oxide particle.

For ToF-SIMS analysis, samples are prepared by cross-sectioning and
polishing by conventional metallographic preparation techniques followed
by ion milling with Cs" in the ToF-SIMS. ToF-SIMS data are acquired from
the cross section only after surface contaminants are removed and a “bulk”
condition exists on the exposed surface. Data are acquired in a fashion that
maximizes the ability to correct for detector saturation, thus providing
quantitative oxygen isotopic results with little error. Data analysis method
uses a combination of multivariate analysis for particle identification and
conventional analysis for quantitative isotopic ratioing. Details of analysis
procedures will be discussed along with results for a range of iron oxide
particle sizes.

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.

4:40pm AS-MoA9 Informatics for SIMS: Identifying Molecules in
Complex Mass Spectra, LS. Gilmore, F.M. Green, M.P. Seah, J.L.S. Lee,
National Physical Laboratory, UK

High-throughput screening using mass spectrometry for proteomics has
driven the need to move from manual methods for protein identification to
automated methods. Metabolomics has similar needs owing to the complex
chemical mixtures studied. A combination of three important developments
has allowed major progress in the automated interpretation of spectra to
identify chemical and biological constituent substances. These are (i) the
explosion in the amount of publicly available chemical information
(PubChem', for example indexes over 71 million substances) (ii) advances
in mass spectrometry search engines and fragmentation tools and (iii) rapid
growth in high performance mass spectrometers (mass accuracy < 1 ppm
and mass resolution > 100,000). These recent developments in informatics
are the endeavours of a very much larger community than the surface
analysis community. We can utilise this rich resource.

We show this in three parts. Firstly, we analyze the popular PubChem
database in terms of the population of substances with mass when resolved
with typical mass spectrometer mass accuracies’. In general, in ToF-SIMS
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the mass accuracy is ~ 30 ppm for an unknown substance. For a typical
molecule (the modal mass in PubChem' is 385 u) there are ~ 30,000
substances within this mass tolerance’. In high performance mass
spectrometers (~ 1 ppm mass accuracy) this range reduces to ~ 1000
substances which may be further reduced to around 50 substances using
isotope pattern matching. Clearly, the mass accuracy in organic SIMS needs
to improve significantly to benefit from chemical databases in the same
manner as the metabolomics community. Secondly, we have previously
shown how G-SIMS simplifies spectra so that the most structurally
significant peaks are dominant and we now show a new development called
the g-ogram®. This gives a visually simple chromatographic method to
interpret spectra and allows separation of, for example, substrate, polymer
and molecule peaks based on the fragmentation energy. Thirdly, we show
how the G-SIMS spectra are a bridge to the informatics methods used by
the metabolomics community providing identification automatically linked
to public chemical databases. Present challenges and future opportunities
will be discussed.

References
[1] PubChem; National
http://pubchem.ncbi.nlm.nih.gov/ 2011.

[2] F M Green, I S Gilmore & M P Seah, Analytical Chemistry 2011,
dx.doi.org/10.1021/ac200067s

[3] R. Ogaki, I. S. Gilmore, M. R. Alexander, F. M. Green, M. C. Davies
and J. L. S. Lee, Analytical Chemistry 2011, dx.doi.org/10.1021/ac200347a
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5:00pm AS-MoA10 keV Ion Impact Effect on the IonCCD™ Surface
and Mass Spectra Peak Shape in Non-Scanning Sector-Field
Instrument, O. Hadjar, G. Kibelka, S. Kassan, C. Cameron, K. Kuhn, Ol
Analytical

Particle-surface interactions are very important processes making physics
practically impossible to apply without putting those interactions into the
equation. For particle detection applications, the detection event is triggered
by total or partial particle energy deposition upon impact on the detector.
Mass spectrometry common ion detectors are Channeltr ons and MCPs,
which inherently destroy the particle upon measurement. The IonCCD, a
product from the rapidly emerging technology will be characterized against
keV ion impact when used in a dispersive mass analyzer.

The IonCCD is used as focal plane array in a sector field instrument of
Mattauch-Herzog geometry (MH-MS ). When miniaturized, MH-MS is best
suited for low mass range applications (< 100 u). Differently from the two
first detector families that most often operate in particle counting mode
(time resolved detection) the IonCCD operates in an integration mode
(charge integrator). In this case, dispersed ions neutralize on the electrode
pixels for a well-defined time known as the integration time. While the
potential energy of the detected ions is used for detection, the ion kinetic
energy leads to ion-surface interaction, an artifact amplified at extreme low
mass detection. This latter can be eliminated by floating the IonCCD or
operating it in higher magnetic fields.

The artifact manifesting in the mass spectra as distortion (negative peak)
due to keV ion impact induced secondary electron emission was modeled
and investigated experimentally using electronic stopping power
fingerprints. We demonstrate that the artifact increases linearly with ion
impact velocity and is dependent in an oscillatory fashion on ion nuclear
charge. Both findings are in agreement with the electronic stopping of keV
ions with the TiN surface of the IonCCD. 3D simion modeling suggests
efficient peak artifact suppression by operating the IonCCD in higher B-
field (> 4000 G) and less elegantly by lonCCD-magnet face retarding field.
Same model was used to enhance the performance of the instrument,
confirming the dynamic mass range (Mmax/Mmin) increase from 16 to 70.

The potential lonCCD damage upon keV ion impact through the nuclear
stopping effect was investigated by means of atomic Force Microscopy and
X-ray Photoelectron Spectroscopy. While AFM confirmed the expected
increase in surface roughness, XPS showed no stoichiometry change due to
implantation or preferential ion sputtering. The discoloration observed after
extensive use was related to carbon layer formation in the roughened
irradiated pixel area. Nuclear stopping effects do not seem to affect the
detector performance at practical doses.

5:20pm AS-MoAll First use of ToF-SIMS for Screening Assays:
Enzymes Active on Wood, R.E. Goacher, E.A. Edwards, C.A. Mims, E.R.
Master, University of Toronto, Canada

Proteomic and metagenomic studies are rapidly increasing the number of
proteins available for enzymatic screening. However, current high-
throughput enzyme assays have limited applicability for an important class
of biochemical substrates — complex solid materials. The present work aims
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to utilize the strengths of Time-of-Flight Secondary Ion Mass Spectrometry
for the direct measurement of enzyme activity on solid substrates.
Particularly, ToF-SIMS is applied to the detection of wood-modifying
enzymes.

Proof-of-principle ToF-SIMS enzyme assays were performed by immersing
extracted wood fibers in solutions of commercial cellulase and laccase
enzymes (utilizing water/buffer and denatured enzymes for controls). The
laccase enzyme was also tested with and without several small molecule
mediators. Principle Component Analysis (PCA) clearly distinguished
cellulase tests from controls through the loss of polysaccharide peaks and
relative enrichment of lignin peaks. Additionally, PCA distinguished
laccase test samples (with mediator) from controls through a shift in lignin-
characteristic peaks. The active laccase was indicated by a relative decrease
in guaiacyl-lignin and syringyl-lignin peak intensities and increase in
generic aromatic peaks, resulting from the cleavage of hydroxyl and
methoxy groups from lignin benzoid units.

These proof-of-principle assays demonstrate that ToF-SIMS is capable of
providing yes/no screening information for enzyme activity on complex
solid substrates, such as wood.

[1] R. E. Goacher, D. Jeremic, E. R. Master. Analytical Chemistry 83(3),
2011, 804-812.

Biomaterial Interfaces Division
Room: 108 - Session BI-MoA

Sensors and Fluidics for Biomedical Applications
Moderator: E. Reimhult, University of Natural Resources
and Life Sciences, Austria

2:00pm BI-MoAl Three-dimensional Microfluidic Flow Cell Array
Integrated with SPR Microscopy for Multi-channel Bioassays, J.S.
Shumaker-Perry, University of Utah INVITED
The expanding development and implementation of biotherapeutics to treat
a wide range of diseases, including autoimmune diseases and cancer, have
increased the need for immunogenicity assessment of these therapies.
Immunogenicity is an immune system response of a patient to a drug. Anti-
drug antibodies (ADAs) produced during the immune response may cause
serious adverse effects such as reducing drug efficacy, altering
pharmacokinetics, causing infusion reactions including anaphylaxis and
serum sickness, and neutralizing native proteins. The complexity of
immunogenicity analysis presents challenges in identifying and
characterizing the neutralizing activity of ADAs. We have integrated a
three-dimensional microfluidic flow cell array (MFCA) with surface
plasmon resonance microscopy (SPRM) for a multi-channel, array-based
approach to immunogenicity assessment. The microfluidic device provides
48 separate flow channels that can be used simultaneously for biomolecule
immobilization and subsequent array-based biomolecule interaction
analysis. Because the biomolecules can be immobilized in situ, exposure to
harsh environments can be avoided, a major benefit for protein
immobilization. In addition, the biomolecule immobilization process can be
monitored in real time by SPR microscopy. This versatile, multi-channel
biomolecule interaction analysis platform is being developed for ADA
assessment which will benefit from the ability to implement controls,
identify optimal assay conditions, and obtain detailed data about the nature
of the biomolecule interactions. Characterization of the integrated system
and initial investigations related to ADA assessment will be presented.

2:40pm BI-MoA3 Transport Properties of Proteins and Quantum Dots
in Nanochannels in Multi-Gated Field-Effect-Transistor Configuration,
L. Tribby, University of New Mexico, F. Van Swol, Sandia National
Laboratories, C.F. Ivory, Washington State University, S.M. Han,
University of New Mexico

The use of nanofluidic architectures as a means of concentrating and
separating biomolecules, nanoparticles, and other small species of similar
size scale may prove useful in developing new bioseparation and detection
technologies. Recognizing this potential, a variety of nanofluidic devices
have emerged that utilize enhanced electrokinetic control of fluid and
molecular/particle motions at these scales. In our study, we have fabricated
an array of slit-like nanochannels (100 nm w x 400 nm d x 15 mm 1) in a
multi-gated field-effect-transistor configuration, using interferometric
lithography and conventional top-down fabrication techniques. Our main
objective in developing such a dynamically controllable separation platform
is to further increase our ability to rapidly concentrate and separate proteins
(or nanoparticles) that have low abundance or require long separation time
by conventional methods. In order to produce effective separation
strategies, we have first experimentally characterized electrokinetic
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transport properties of proteins and nanoparticles within our device. Based
on this characterization and understanding, we report a technique to form
highly concentrated protein bands in our nanochannels. We will also report
observable differences in electrokinetic mobility for semiconductor
nanocrystals in aqueous solutions whose surface is functionalized with
organic ligands to assume different charges. These results and their
implications towards nanofluidic separation techniques will be further
discussed.

3:00pm BI-MoA4 High Sensitivity Recessed AlGaN/GaN HFET
Protein Sensors, X. Wen, H. Kim, P. Casal, S. Lee, W. Lu, The Ohio State
University

We have demonstrated the improvement of sensitivity by biasing the
AlGaN/GaN HFET biosensors into the subthreshold regime. To bias the
channel into the subthreshold regime, V,=~-4 V was. The gate voltage
causes ions in the physiological buffer solution to move and result in
measurement noise. To avoid side effects from a high gate voltage, we
adopted the gate recess process to shift the subthreshold gate voltage to
zero/near zero volt and retain high sensitivity.

The AlGaN/GaN heterostructure used in this study has a 23 nm thick
undoped AlGaN barrier. The recession of AlGaN barrier was conducted
with an Oxford Plasmalab 100 system. A two-step recession process was
used. The first step uses BCl; to etch the AlGaN barrier and the second step
uses a combination of Cl,/N,/O; to passivate the etched surface. To achieve
zero/near-zero subthreshold gate voltage, we recessed devices with the first
step duration to be 50, 55, 60, 65, and 70 sec respectively. We also
fabricated diodes with the Schottky area recessed with the same conditions
to check the material property changes. The measured C-V characteristics
show that the threshold voltage shifts along the positive direction with the
increase of etching time. With 70 sec etching time, the threshold voltage of
Ni diodes achieve subthreshold regime at Va=0 V. Extracted from C-V
curves, the etched depths are 12.0, 11.6, 11.2, 9.7, and 8.8 nm respectively.
AFM measurements of both recessed and original AlGaN surfaces show
that the surface smoothness is improved after recession processes.

The fabricated AlIGaN/GaN HFET biosensors have a recessed gate of 100
um (L) x 2 mm (W). To detect streptavidin, the AlGaN surface was
modified by silanization and biotinylation. The measured Id-Vg curves of
AlGaN/GaN HFETs with (a) recession time of 65 sec, and without any
recession. There are two major differences: 1) the threshold voltage of
recessed device shifted to around 0 V; and 2) the off-state current of
recessed device is 1-2 orders lower. The threshold voltage promises high
sensitivity when the gate is floating or biased at a very low voltage. The
decrease of the off-state current indicates that signal-to-noise ratio is
improved. The difference between the threshold voltage of diodes and
HFETSs mainly because of 1) the diode Schottky metal is Ni and the HFET
gate is PBS and 2) the HFET is treated with oxygen plasma for surface
modifications. The detection of 25 pg/ml (473 fM) SA solution in 1X PBS
shows that the drain current is decreased by 22.7% because SA carry
negative charges in PBS solution. The sensitivity is increased by one order
compared to our previously published results with non-recessed devices.

3:40pm BI-MoA6 AlGaN/GaN HFETs for DNA Sensing: Charge
Layer Distance Dependence, Y. Wang, W. Lu, The Ohio State University

AlGaN/GaN heterojunction features two-dimensional electron gas which is
highly sensitive to proximal charges and excellent stability against
chemicals. These unique advantages imply the potential of AlGaN/GaN
based field effect transistor (FET) in facilitating various biological and
chemical studies. We have previously reported the detection of
hybridization between probe DNAs and fully complementary target DNAs
with AlGaN/GaN HFET biosensors. To further improve the sensitivity,
comprehensive understanding of the working principle is necessary. In this
work, we focus on a systematical investigation on the effects of the distance
between the charged layer and the sensing surface, i.e., the distance from
target DNA biomocules to the AlGaN surface. We immobilized a
monolayer of single-strand probe DNAs modified with thiol groups on the
Au-coated active gate surface of an AlGaN/GaN HFET. Different target
ssDNA molecules were designed so that distance between the hybridization
sites and the AlGaN surface varied. Experimental results show an explicit
relationship between the detection sensitivity and the charge layer distance.

Six types of synthesized 25-mer oligonucletides (Allele) solutions were
prepared, including a probe DNA, a fully complementary target DNA, a 21-
bp complementary DNA, a 13-bp complementary DNA, a 9-bp
complementary DNA and a mismatched DNA. The amount of charges is
assumed identical for DNAs with a constant length. The distance of the
charge layer can be well controlled by varying the hybridization sites of
target DNAs to the probe DNAs. For example, the 21-bp complementary
DNA is 4-bp further away from the surface than the fully complementary
DNA.



We compared the Ips-Vps characteristics of devices before and after
hybridization. A decrease of drain current was noticed, revealing the
binding of negatively charged DNAs. More importantly, the decreases in
Ips-Vps demonstrated a clear dependence of charge layer distance by an
observation of the current change ratio, defined by Alps / Ips, (gate bias: -1
V): 16.1% for fully complementary target DNA (0.1 p mol), 14.9% for 21-
bp complementary DNA, 10.9% for 13-bp complementary DNA, 6.89 %
for 9-bp complementary DNA, and 0.75% for mismatch DNA, which was
comparably insignificant. The current change decreases with the distance
between the target DNA and sensing surface, although the amount of
charges for the target DNA is constant. These results demonstrate that the
detection sensitivity is significantly dependent on the charge layer distance.
Theoretical analysis for varying charge layer distances of target DNAs will
also be studied and compared with the experimental results.

4:00pm BI-MoA7 Effect of Analyte Flow Rate on the Sensitivity of
Microcantilever Biosensors, R.P. Desikan, C.W. Van Neste, T.G. Thundat,
University of Alberta, Canada

The past decade has witnessed the use of microcantilevers as mechanical
transducers of molecular recognition and for the development of
miniaturized and sensitive biochip platforms. Microcantilever based
biosensors can be based on either mass adsorption or surface stress
variation. The potential to operate a microcantilever sensor in liquid
medium with extreme sensitivity makes it an ideal choice for the
development of biological sensors. Selective detection is obtained by
immobilizing receptor molecules on one side of the cantilever.
Microcantilever based biological sensors predominantly operate in a liquid
environment; this is done in order to retain the functionality of the
biomolecules immobilized on the surface. Typically reference cantilevers
serve to observe and analyze the effect of non specific interactions and fluid
flow rate from specific biomolecular interactions. We have additionally
observed that the interaction of analytes on the functionalized surface of the
cantilever is influenced by the varying the flow rate of the solution used.
The surface stress observed due to the adsorption of analyte molecules on to
the receptors on cantilever surface in static condition is much higher
compared to a dynamic condition where analyte molecules are allowed to
flow across the cantilever surface with the help of a flow control system.
Here we address the effect of flow rate on the biomolecular adsorption
kinetics of the system and how it affects the sensitivity of Microcantilever
based biological sensors.

4:20pm BI-MoA8 Fabrication of Nanowire FETs for pH Sensing, C.
D'Emic, S. Zafar, A. Afzali, B. Fletcher, T. Ning, M.A. Guillorn, D.-G.
Park, IBM T.J. Watson Research Center

Sensors for measuring pH are very important for understanding reactions of
biological species such as proteins, enzymes and cells. While traditional
sensors based upon such techniques as infrared spectroscopy, fluorescence
and others have low sensitivity and slow response time, more recent
nanowire field effect transistor sensors offer improved sensitivity and
response time due to smaller size and increased surface areas. [1, 2]

We have fabricated nanowire FET sensors using conventional CMOS
semiconductor processes. The nanowires were patterned by electron beam
lithography and reactively ion etched into 30 nm thick silicon on insulator
(SOI) substrates. The gate sensing surface is comprised of a hafnium oxide/
silicon dioxide stack covering the nanowire, while the source/drain regions
are comprised of boron activated SOI with nickel-platinum silicide contacts.
The resulting 16 nm wide nanowire devices show high sensitivity for pH
measurements. The FET drain current increases by a factor of eight per unit
change in pH, while the subthreshold slope is ~ 77 mV/decade. The sensors
operate at a reduced sensing voltage of 0.5 V, making them promising
candidates for low power, bio-medical applications.

[1]7 E. Stern, J. Klemic, et al., Nature, 445 (2007) 519
[2] S. Zafar, C. D’Emic, et al, to be published

4:40pm BI-MoAY9 La*" doped TiO, Nano-engineered Platforms for
Biosensor, R.R. Pandey, Centre for Cellular and Molecular Biology, India,
K.K. Saini, National Physical Laboratory, India, M. Dhayal, Centre for
Cellular and Molecular Biology, India

The use of nanotechnology tools has opened new opportunities to explore
analytical applications of the nano-engineered materials which attracted
great attention due to their unique morphology, extraordinary physical and
chemical properties towards development of biosensors to facilitate the
improvement of the selectivity and sensitivity of the current methods. In
this work, the importance of semiconducting La*" doped TiO, a metal-
oxide-based nanostructure platform is highlighted for biosensors platforms.
La*" doped TiO, nanostructure having nanometer-scale inner-core cavity
which were exposed to the outer surface with different oxidation states
having possibilities for redox-activity can make them attractive for sensing
uses. Therefore, the use of La** doped TiO, for the development of
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electrochemical sensors will be discussed. These platforms has been
characterized by XRD, XPS, FTIR, SEM, cyclic voltametry to determine
structure, surface chemistry and electron transfer characteristics for
biosensor applications. Cholesterol oxidase immobilized onto La*" doped
TiO,-based nanostructured surfaces exhibited a pair of well-defined and
quasireversible voltammetric peaks in CV measurements. We will also
discuss the potential prospect of these surfaces as low cost stable platforms
for biomedical diagnosis.

5:00pm BI-MoA10 Spray Deposition of Functional Antibody Films, J.
Figueroa, S. Magana, D. Gomez, D.V. Lim, R. Schlaf, University of South
Florida

Antibody films for the use in biosensors and assays are usually deposited
via wet-chemical attachment methods. The presented experiments
demonstrate that pneumatic spray deposition of antibody thin films from
aqueous solution yields films of similar sensitivity and durability without
special surface treatments and attachment chemistries. The experiments
were performed using a commercially available low flow nebulizer in
combination with a syringe pump and a substrate rotation stage to
homogenize the coating.

In the experiments E. coli O157:H7 antibody was deposited on cleaned
microscopy glass slides without any other pre-treatment. Standard wet-
chemically prepared silanized glass slides using the avidin-biotin
attachment scheme were also prepared for direct comparison of sensitivity
and longevity of the spray based substrates. After incubation with GFP-
labeled E. coli 0157:H7 cells (ATCC 35150) ranging from 10*-10® CFU/ml
the slides were rinsed and AF647-labeled detector antibody was added and
incubated. After rinsing and drying the slides were interrogated with a 635
nm laser and visualized using a CCD camera. Slides were also visualized by
epifluorescence microscopy to examine antibody patterns and determine E.
coli capture efficiencies.

The results of the experiments demonstrate that there is little difference
between spray and standard protocol wet-chemically prepared substrates.
This indicates that antibody films can be prepared via physisorption without
complex attachment chemistries, and that antibodies can directly attach to
glass slides, while retaining their functionality.

5:20pm BI-MoA1ll Microfluidic Extraction of Human Chromosomal
DNA from Single Cells, J. Topolancik, H.C. Tian, C.B. Wallin, D.R.
Latulippe, J.J. Benitez, B.R. Cipriany, P.J. Murphy, P.D. Soloway, H.G.
Craighead, Cornell University

Genome-wide analysis of single cells is important in life science research
and modern medicine in applications ranging from cancer diagnosis to
understanding tissue development. Microfluidic devices have been explored
as a promising platform for single cell studies, providing superior handling
of minute sample and reagent volumes in engineered microstructures.
Isolation of nucleic acids from biological samples is an essential step of
every type of genetic analysis. While numerous extraction methods have
been explored, it remains rather challenging to isolate and analyze genomic
DNA from small cell populations and individual cells. Traditional
microfluidic devices utilize solid phase extraction (SPE), a method based on
binding of DNA to chemically functionalized solid phase matrices for
separation of nucleic acids from cell lysates. The binding affinity is
sensitive to factors such as pH, temperature, and buffer composition which
must be controlled, often dynamically, to minimize DNA losses. Even when
the extraction process is optimized, it is difficult to ensure that all of the
DNA fragments are adsorbed on the solid phase matrix and that the whole
genome is represented in the purified extracts. An appreciable fraction of
genomic DNA is often lost during the purification process when the cell
debris is washed away. Additional DNA losses can be caused by incomplete
elution. State-of-the-art microfluidic devices for DNA separation from cell
lysates exhibit rather modest extraction efficiencies of 60-85%. This is
sufficient for genetic analysis of cell populations because multiple copies of
every gene are present in the extract, which statistically guarantees
complete genome coverage, but such losses are hardly acceptable when
single-copy genes in a single cell need to be investigated. This work
describes a valveless two-port microfluidic device for highly-efficient
isolation and fluorescent analysis of DNA contents of single cells. Long
strands of human chromosomal DNA released from the cell by chemical
lysis loop around PDMS micropillars and are physically retained while the
remaining cellular contents are washed away under hydrodynamic flow.
DNA fragmentation is minimized by operating at low flow rates.
Hydrodynamic entrapment of DNA in non-functionalized obstacle arrays
allows separation of very large genomic DNA from cell debris and
components such as proteins and membrane fragments as well as from
much smaller mitochondrial DNA and RNA. The purified DNA was
subsequently released from the device by enzymatic fragmentation with
restriction endonucleases under continuous flow and collected for fragment-
size analysis and evaluation of the extraction efficiency.
Fluorospectrometric measurements indicate that the microdevice extracts
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>95% of genomic DNA, which outperforms all alternative microchip-based
extraction methods.

Electronic Materials and Processing Division
Room: 209 - Session EM1-MoA

Group III-Nitrides and Hybrid Devices
Moderator: K. Kavanagh, Simon Fraser University, L.
Porter, Carnegie Mellon University

2:00pm EM1-MoA1l Electrically-Monitored Gate-Recess for Normally-
Off AlGaN/GaN High-Electron Mobility Transistors, H. Kim, M.
Schuette, W. Lu, The Ohio State University

GaN-based power devices have been intensively investigated for high
power switching applications as well as high power microwave
applications. Particularly, high breakdown voltage and high saturation
velocity of GaN-based heterostructures facilitate reduction in on-state loss
and switching loss compared to currently dominant Si-based power devices.
Moreover, normally-off GaN-based power field-effect transistors (FETs)
offer their inherent safety, reduced power consumption, and diverse circuit
functionality with normally-on ones. Recently, we developed a zero-bias
Cl-based dry etching process to thin AlGaN barrier with a minimal damage
for enhancement-mode AlGaN/GaN FETs. However, it has been difficult to
control gate-recess process for normally-off GaN-based FETs due to strong
polarization effects. Namely, 1 nm under- or over-etchings near the critical
AlGaN barrier thickness where the channel is pinch-off result in a negative
threshold voltage (V7) or a degraded transconductance (G,,), respectively. In
this work, we report a methodology to control our Cl-based gate-recess for
both positive Vrand high G, vy by relating electrical properties of the gate-
recessed area before gate metallization to V7 and G,, in Al1GaN/GaN FETs.

Gate-recessed AlGaN/GaN FETs were fabricated through fast etching with
BCl; and slow etching with Cl,/N,/10%-0, to thin AlGaN barrier. The slow
etching runs under inductively-coupled plasma mode only to minimize the
damage. For monitoring purpose, resistance at 0 V (Roy) and drain-to-source
current (Ips47) at 10 V between source and drain contacts were measured
before gate metallization to correlate with V7 and G, after gate metal
deposition.

Ip-Ves, Gu-Vgs, and capacitance-voltage characteristics of gate-recessed
FETs with different AlGaN thicknesses by doing Cl,/N»/10%-0, etching for
different times were measured and V7 values were extracted by linear
extrapolation at Gy, yax. Vr and G, aax Were correlated with the monitoring
parameters of Roy or Ipssr. V7 and G,y distributions with Ry or Ipsar
guide us for monitoring as well as design of gate-recess process. For
example, a recessed FET showing Royv = 1700 W with 7 nm AlGaN barrier
exhibits V7 of 0.56 V and G, u4x of 300 mS/mm. In addition, our recess
process offers sufficiently long monitoring time (at least 4 minutes) to tune
the gate recess for target Vr together with high G, yux. Based on the
distribution, the necessity of tuning process is determined and its progress is
monitored by Rov or Ips.r before gate metallization until target Roy or Ip sar
is met. Our electrically monitoring method allows gate recess process to be
well-controlled for target Vr and G, pax-

2:20pm EM1-MoA2 Atom Probe Tomography Studies on Green Light
Emitting InGaN/GaN Multi Quantum Wells Grown on GaN
Substrates, F. Liu, L. Huang, Carnegie Mellon University, S.V.N.T.
Kuchibhatla, D.K. Schreiber, Pacific Northwest National Laboratory, M.
Zhang, University of Michigan, E.A. Preble, T. Paskova, K.R. Evans, Kyma
Technologies, Inc., L. Porter, R.F. Davis, Carnegie Mellon University

Carrier delocalization in InGaN/GaN multi-quantum wells (MQW)
contained within green light-emitting diodes (LEDs) has been proposed as a
contributor to LED efficiency droop. By contrast, interface roughness and
fluctuations in composition within the MQWs may act to localize and
confine carriers'. In this study, InGaN/GaN MQWs were grown on both
(0001)GaN layers and on InGa; N buffer layer with graded In mole
frations from 0 to 10%. Both heterostructures were grown on
chemomechanically polished (0001)GaN substrates. Calculations using
temperature-dependent photoluminescence spectra revealed a four-fold
increase in the internal quantum efficiency (IQE) in the latter structure. A
LEAP 4000X HR™ pulsed UV laser (355 nm at 200 kHz) atom probe
tomograph was used to investigate the elemental and spatial characteristics
of the interface of the InyGa; N/GaN MQWs. To establish consistent atom
probe operation parameters for reliable comparison among different
samples, a systematic study was conducted to optimize the evaporation rate
and laser energy. The concentration profile of In,Ga; N/GaN MQW
showed slightly varied In fraction among different QWs, ranging from
x=0.21 to x=0.27, while the XRD results showed an average In fraction in
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all QWs of x=0.25. Furthermore, based on isoconcentration surface analysis
and proximity histograms the upper surfaces of InGaN QWs appear to be
more diffuse than the lower surfaces. These results indicate surface
roughening of the InGaN layer. A detailed comparison of the two structures
will be presented and the ability of 3-D atom probe tomography for such an
analysis and the impact of the results on next generation LED technologies
will be discussed.

1. J. Hader, J. V. Moloney and S. W. Koch, Appl. Phys. Lett. 96 (22),
221106 (2010).

2:40pm EMI1-MoA3 Local Surface Electrical Characterization of
Polar GaN Surfaces, J.D. Ferguson, M.A. Reshchikov, A.A. Baski,
Virginia Commonwealth University

While GaN is a widely-used material in optoelectronic devices, localized
surface-related electrical properties are not well-understood. These
properties affect the operational performance and lifetimes of GaN-based
devices. Here, several atomic force microscopy (AFM) techniques were
used to characterize the Ga-polar, +¢ [0001], and N-polar, -c [0001bar],
surfaces of free-standing bulk GaN. Samples were prepared by either a
chemical-mechanical polish (CMP) or mechanical polish (MP) of HVPE-
grown GaN. AFM data showed that the Ga-polar surfaces (MP and CMP)
were uniformly flat with rms roughness of less than 1 nm over a 5x5 micron
image. In contrast, the N-polar surfaces were significantly rougher (~5 nm
rms) with scratch-like features (100 nm wide, microns long), where the
CMP treatment resulted in the presence of surface protrusions (~100 nm
dia.) in proximity of the scratches. We then examined the local electrical
properties using conducting AFM (C-AFM) to map surface conductivity
and to obtain I-V spectra. C-AFM images at forward-bias (<6V) showed
small contrast variations for all samples except the N-polar CMP surface. In
that case, we observed less conducting behavior on the protrusions as
compared to the surrounding surface. Local I-V data also revealed a higher
forward-bias, turn-on voltage for the N-polar vs. Ga-polar samples. To
investigate the local surface charging behavior, we used a two-step
technique. First, a metallized AFM tip was used to locally charge the
surface by applying a DC voltage, and then the resulting change in surface
potential was monitored as a function of time with scanning Kelvin probe
microscopy (SKPM). These surface charging data showed a smaller change
in surface potential for the N- vs. Ga-polar samples, which appears to be
consistent with the lower onset of conduction for the N-polar orientation.
Finally, we measureed the photo-induced changes in surface potential under
UV light exposure (100W Hg lamp), otherwise known as the surface
photovoltage effect (SPV). The N-polar samples had a smaller SPV
compared to Ga-polar, which indicates a smaller amount of band bending at
the surface. Additionally, N-polar GaN restored to dark-state conditions at a
much faster rate, regardless of CMP or MP treatment. In summary, we
observed differences in morphology and electrical behavior for the two
polar, c-plane GaN surfaces, as well as differences in behavior due to CMP
and MP treatments. These data suggest a less pronounced surface charging
behavior on N-polar vs. Ga-polar GaN.

3:00pm EM1-MoA4 The Effect of Ammonia - TMI Pulse Separation
on the Structural Properties of InN Epilayers, R. Atalay, Georgia State
University, M. Buegler, Technische Universitdt Berlin, Germany, S.
Gamage, 1. Senevirathna, A.G.U. Perera, Georgia State University, J.S.
Tweedie, R. Collazo, North Carolina State University, N. Dietz, Georgia
State University

Over the last decade, significant research efforts have been devoted to
understand and improve the properties of InN epilayers. However, even
today, there is a significant lack of on understanding of the InN surface and
growth chemistry and its affect on the physical bulk properties. Crucial
challenges in the growth of InN epilayers are the vast different partial
pressures between indium and nitrogen and associated fragments of the
utilized precursors trimethylindium (TMI) and ammonia (NH3).

In this work, high-pressure chemical vapor deposition (HPCVD) is
employed and explored in order to control and suppress the disassociation
of InN alloys at higher growth temperatures. In order to reduce gas phase
reactions and to control the surface chemistry, a pulsed precursor injection
approach has been implemented, which provides additional process control
parameters for the optimization of the physical epilayers properties.

In the pulsed precursor injection approach, the precursor separation times
between the metal organic (MO) sources (TMI and TMG) and ammonia
(S1), and ammonia and MO (S2) are two critical process parameters.

This contribution will present results on how the precursor separation times
between the TMI and ammonia (S1) and ammonia and TMI (S2) affect the
structural and optical properties of InN epilayers grown on GaN/sapphire
templates and/or sapphire substrates. In this study, the separation times S1



and S2 have been varied from 1000 to 2500 ms and 250 to 500 ms,
respectively. The results show that a longer S1 separation of around 1700
ms and short S2 separation of around 360 ms provide the best structural
properties of InN epilayers.

The InN epilayers have been analyzed by Raman scattering, X-ray
diffraction, IR reflection, and transmission spectroscopy. The Raman
studies showed that the lowest FWHM of E2(high) vibrational mode with
about 8 cm-1 for a S2 separation time of 358 ms. XRD 20-o scans on these
InN epilayers and the analysis of the InN (0002) Bragg reflex confirm the
improved structural properties for the optimized S2 separation.

3:40pm EMI1-MoA6 Neutron Scattering Provides a New Model for
Optimal Morphologies in Organic Photovoltaics: Rivers and Streams,
M. Dadmun, W. Yin, University of Tennessee, J. Ankner, K. Xiao, Oak
Ridge National Laboratory

Organic Photovoltaics (OPVs) have attracted increasing interest as a
lightweight, low-cost and easy to process replacement for inorganic solar
cells. Moreover, the morphology of the OPV active layer is crucial to its
performance, where a bicontinuous, interconnected, phase-separated
morphology of pure electron donor and acceptor phases is currently
believed to be optimal. In this work, we use neutron scattering to investigate
the morphology of a model OPV conjugated polymer bulk heterojunction,
poly[3-hexylthiophene] (P3HT) and surface-functionalized fullerene 1-(3-
methyloxycarbonyl) propy(1-phenyl [6,6]) Cs; (PCBM). These results show
that P3HT and PCBM form a homogeneous structure containing crystalline
P3HT and an amorphous P3HT/PCBM matrix, up to ca. 20 vol% PCBM.
At 50 vol% PCBM, the samples exhibit a complex structure containing at
least P3HT crystals, PCBM crystals, and a homogeneous mixture of the
two. The 20 vol% PCBM samples exhibit behavior consistent with the onset
of phase separation after 6 hours of thermal annealing at 150 °C, but
appears to be miscible at shorter annealing times. This suggests that the
miscibility limit of PCBM in P3HT is near 20%. Moreover, for the 50 vol%
PCBM sample, the interface roughens under thermal annealing possibly
owing to the growth of PCBM crystals. These observations suggest a
different morphology than is commonly presented in the literature for
optimal bulk heterojunctions. We propose a novel ‘rivers and streams’
morphology to describe this system, which is consistent with these
scattering results and previously reported photovoltaic functionality of
P3HT/PCBM bulk heterojunctions.

4:20pm EMI1-MoA8 Novel Boron Carbide-Based Semiconducting
Polymers for Enhanced Electronic Properties, F. Pasquale, J. Kelber,
University of North Texas

We report the controlled modification of valence band electronic structure
of semiconducting boron carbides with sharply narrowed band gap, by
combination of 1,4 diaminobenzene (DAB) with orthocarboranes to form a
novel boron-carbide based semiconducting film. Semiconducting boron
carbide films (B;oC,Hy) and related materials formed from crosslinking of
carborane icosahedra are of rapidly increasing interest in neutron detection,
nanoelectronics, spintronics, and even conventional CMOS ULSI
applications. The ability to modify the material's electronic structure in a
controlled manner is of obvious interest in all these areas. We report x-ray
and ultraviolet photoelectron spectra (XPS, UPS), demonstrating that
electron-induced cross-linking of carborane and DAB results in a novel
semiconductor with a significantly enhanced valence band density of states
near the Fermi level, resulting in a shift, as determined by UPS, in the
valence band maximum from ~ 4.3 eV to ~ 1.7 eV below the Fermi level.
Importantly, this effect is relatively insensitive to total film thickness and
for DAB/orthocarborane atomic ratios (determined by XPS) ranging from
1:4 to I:1. Films were formed by condensation and cross-linking of
alternating layers of orthocarborane and DAB precursors under ultrahigh
vacuum (UHV) conditions, allowing precise control of relative DAB and
carborane concentrations. This procedure also yielded films of
systematically varied DAB/carborane concentration and film thicknesses
between 20 A and 100 A average thickness, as determined by attenuation of
Cu(2psp ) photoemission intensity from the substrate. The films exhibited
shifts in the valence band spectra of ~ 0.2 eV to lower binding energies
upon cross-linking, indicating a surface photovoltage effect, and the
formation of a true p-type semiconducting film. The results demonstrate
formation of a new semiconducting material based on carborane icosahedra
but modified by the addition of an organic species. These data further
indicate the potential for the development of a broad range of novel boron
carbide-based polymers using carboranes and other organic additives, with
film formation by a variety of methods, including photon or electron
bombardment, or plasma-enhanced chemical vapor deposition.

33

4:40pm EM1-MoA9 Analysis and Application of Hybrid Electronic
Structures Formed by Nanoscale Conductive Coatings on Textiles, J.S.
Jur, W. Sweet, C.J. Oldham, G.N. Parsons, North Carolina State University
Electronic functionalization of complex fibrous systems is of interest for
developing new hybrid electronic systems geared toward integrating
biological detection and energy harvesting devices in textile materials.
Reliable methods to evaluate the electrical properties of these textiles are
necessary for future device design and performance improvement. This
work investigates conformal, nanoscale coatings of zinc oxide and tungsten
produced by atomic layer deposition (ALD) on natural and synthetic fibers
structures, resulting in novel hybrid-based electronic structures. A modified
4-probe test method is introduced to evaluate the effective conductivity of
these coatings. An applied normal force orthogonal to the current and field
direction improves the fiber/fiber contact, resulting in consistent evaluation
of the effective conductivity of the coatings across fiber systems and is a
unique method of evaluating the mechanical behavior of these coated fiber
structures. Optimization of the coatings has resulted in conductivity values
as high as 40 S cm™ for zinc oxide coatings (~75 nm) on polypropylene and
cotton fiber, as well as 1150 S cm™ for ALD tungsten (~50 nm) on quartz
fiber matrices. Device application of these coated fiber matrices are
benefited by their “all-fiber” structure, with characteristic high porosity and
surface area. For example, a textile-based flow-through metal-insulator-
metal capacitors fabricated from tungsten-coated quartz fibers is shown as
an application in liquid chemical sensing. The mechanisms related to
electron transport in a surface-coated textile fabric and implications on
device fabrication and improvement will be discussed.

5:00pm EMI1-MoA10 Quantum Dot Transfer using Patterned Self-
Assembled Monolayers, S. Miller, A.J. Muscat, University of Arizona
Nano particles such as light emitting quantum dots offer many exiting new
possibilities for device manufacturing. Along with the potential for low cost
manufacturing, the ability to make quantum dot based solar cells and LEDs,
has lead to the potential to make arrays of light detectors and nanometer
scale patterned LEDs. Using two such devices together results in an optical
switch, which may be employed in computer processing as a fast memory
readout device. In addition ROM memories can be created using direct
patterning of light emitting quantum dots on a disk. Because quantum dots
of different size emit different wavelengths it is possible to code data in
several wavelengths allowing the data from each wavelength to be written
in the size limited area of focused light, dramatically increasing data
storage. Many of the potential devices which can be made using nano
particles require precise control over nano particle placement and layer
thickness. We have found that it is possible to control quantum dot
placement using a patterned self-assembled monolayer (SAM). Due to the
hydrophobic properties of octadecyltrichlorosilane (OTS) it is possible to
form an OTS SAM on which quantum dots will not deposit. This SAM
layer can then be patterned using one of several methods. One approach is
to use direct UV light exposure in air through a shadow mask, this will
remove the OTS SAM in the open areas of the mask, allowing for quantum
dot deposition to occur only in the open areas. OTS SAMs can also be
formed on pre-made chemical patterns. Ultra high resolution patterns can be
formed using nano-lithography including conductive atomic force
microscopy, STM, and EBL. Arrays of conductive atomic force microscope
tips can be used to pattern repeated patterns such as those required for
detectors. Quantum dots or an alternate SAM can then be deposited directly
into the open pattern areas. However, because of the time required for nano-
lithography, it is desirable to use the patterned OTS SAM as a nano particle
master stamp, where the quantum dots are transferred from the patterned
OTS surface to a surface which chemically binds them. A self-assembled
monolayer such as APTMS can be used to bind the quantum dots and
remove them from the master patterned stamp, allowing the patterned OTS
SAM to be repeatedly filled with quantum dots and stamped. This has been
demonstrated using CdTe quantum dots with TGA ligands; however, there
are a variety of nano particles with which this technique will work.
Therefore by creating a patterned SAM and utilizing selective deposition
and appropriate transfer chemistry it is possible to open a new realm of
potential device manufacturing.

5:20pm EM1-MoA1l Solution Processed Quantum Dots for Infrared
Imaging, J. Lewis, E.J.D. Klem, C. Gregory, G. Cunningham, D. Temple,
RTI International

While InGaAs-based focal plane arrays (FPAs) provide excellent detectivity
and low noise for short wave infrared (SWIR) imaging applications, wider
scale adoption of systems capable of working in this spectral range are
limited by high costs, limited spectral response, and costly integration with
Si readout circuits (ROICs). RTI has demonstrated a novel photodiode
technology based on a heterojunction between IR-absorbing, solution-
processed PbS colloidal quantum dots (CQD) and Ce fullerenes that can
overcome these limitations of InGaAs FPAs. We have fabricated devices
with quantum efficiencies exceeding 50%, and detectivities greater than
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10" Jones, that are competitive with the performance of InGaAs
photodiodes. Dark currents of ~2 nA/cm’® were measured at temperatures
compatible with solid state cooling. Additionally, by processing these
devices entirely at room temperature we find them to be compatible with
monolithic integration onto ROICs, thereby removing any limitation on
device size. We will show early efforts towards demonstrating a direct
integration of this sensor technology onto a Si ROIC IC and describe a path
towards fabricating sensors sensitive from the visible to 1700 nm at a cost
comparable to that of CMOS based devices. This combination of high
performance, dramatic cost reduction, and multispectral sensitivity is
ideally suited to expand the use of SWIR imaging in current applications, as
well as to address applications which require a multispectral sensitivity not
met by existing technologies.

Electronic Materials and Processing Division
Room: 210 - Session EM2-MoA

Dielectrics for Ultra Dense Memory Devices
Moderator: A.C. Kummel, University of California San
Diego

2:00pm EM2-MoA1l Okcxides for Spintronics, K.L. Wang, P. Khalili, F.
Xiu, University of California Los Angeles INVITED
Mainstream CMOS technology in today’s electronics continues to scale
down in its feature size. However, power dissipation per unit area and
variability post two major issues and challenges for the continuing scaling.
Spintronics, as an emerging technology that exploits the intrinsic spin of the
carriers, could potentially offer power savings, low variability and improved
scalability. In the talk, we will address the importance of functional oxides
such as MgO in field controlled spin FET devices and magnetic tunnel
junctions.

Toward the realization of spin logic devices, electric-field manipulation of
ferromagnetism offers a potential for achieving low power dissipation. The
control of collection of spins is critical in accomplishing room - temperature
s pin field effect transistors for dilute magnetic semiconductors such as
MnxGel-x. We found that by using high-quality MgO as gate oxide, the
ferromagnetism of the quantum dots can be modulated up to 300 K, which
opens the possibility to build room-temperature spin FETs.In addition, MgO
was also shown to be effective for unpinning Schottky barrier height and
improving the spin injection. U sing an epitaxially grown Fe/MgO/n-Ge
tunnel junction, we have obtained single crystalline and atomically smooth
Fe/MgO on Ge. This high quality Fe/MgO/Ge junction not only passivates
the Ge surface states to favor electronic transport, but also leads to an
enhanced spin injection efficiency due to the symmetry induced spin
filtering property of the MgO. By using this junction, we show electrical
spin injection to bulk Ge.

We also studied the effect of MgO tunnel barrier thickness on the spin-
transfer torque-induced switching of CoFeB-MgO-CoFeB magnetic tunnel
junction (MTJ) devices used for nonvolatile memory. We studied the effect
of MgO thickness on the resistance-area product (RA) and tunneling
magnetoresistance (TMR) of the structures using both film-level current-in-
plane tunneling (CIPT) and device-level electrical transport measurements.
The TMR showed a large distribution for RA values lower than 4 Q-pm2
(corresponding to an MgO thickness ~0.85 nm), while it increased to
~150% for larger RA > 6 Q-um?2. The results allow for optimization of RA
and MgO thickness for low write energy and high-density of
magnetoresistive random access memory (MRAM) switched by spin-
transfer torque (STT). We obtained switching times < 1 ns and write
energies < 0.3 pJ for CoFeB-MgO-CoFeB MTJ devices. We also studied
the effect of CoFeB free layer composition and thickness on device
performance.

2:40pm EM2-MoA3 Charge Trap Memories and 3D Approaches, G.
Molas, CEA Leti Minatec Campus, France INVITED
Charge Trap Memories and 3D Approaches

The standard planar Floating gate Flash memory has been scaled down over
20 years. However, many critical limitations are appearing (charge loss
through the top or bottom dielectrics, cell to cell coupling interference,
Random Telegraph Noise, reduction of the number of stored electrons,
process induced variability...), making difficult further scaling of the
memory device.

In this context, charge-trapping memories, based on the TANOS (TaN-
Al,05-Si3N,4-Si0,-Si) gate stack, are foreseen as the backbone of future
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NAND technologies, allowing to reach the 20nm era with planar device
structures and to overcome the 1X node when coupled to novel 3D vertical
memory architectures. Nevertheless, to face this challenging Flash memory
evolution, several process innovations are still required, and an in-depth
physical understanding of the gate stack material properties, is needed.

This paper discusses the potentialities and limitations of charge trap
memories, and proposes some paths of improvements to fulfil the stringent
requirements of future memory generations.

First the engineering of the memory gate stack is investigated. In particular,
engineered tunnel dielectrics, alternative charge trapping layers and
improved control dielectric stacks are proposed, and their impact on the
memory performances and reliability is debated. Experimental results are
analyzed by means of models and simulations.

Then in a second part, the integration of charge trap memories in 3D
architectures is studied. The various approaches investigated in the
literatures are reported, and an original method to process stacked 6nm
crystalline nanowires with gate all around SONOS configuration is
proposed.

3:40pm EM2-MoA6 A Survey of Cross Point Phase Change Memory
Technologies, D. Kau, Intel Corporation INVITED
This survey reviews the current advances in phase change memory and the
integrated selector. Based on memory cell configuration in array, there are 3
basic array types, including 2-termanl cross point array [1-6], 3-terminal
NOR array [7, 8], NAND string [9]. Among all the configurations,
stackable thin-film cross point memory delivers the densest array, therefore
the most compact die size. Combining its attributes in cost, performance
and reliability, cross point phase change technologies stimulate potential
opportunities in computing memory hierarchy.

[1] DerChang Kau et.al., [IEDM Technical Digest, p617, S27.1 (2009)
[2] Y. Sasago, et.al., Symposium on VLSI Tech., p24, T2B-1 (2009)

[3] K. Gopalakrishnan, et.al., Symposium on VLSI Tech., p205, T19-4
(2010)

[4] Yi-Chou Chen et.al., IEDM Technical Digest, S37.4 (2003)

[51J.H. Oh, et.al., IEDM Technical Digest, S2.6 (2006)

[6] Giorgio Servalli, IEDM Technical Digest, p113, S5.7 (2009)

[71 Y.N. Hwang, et.al., Symposium on VLSI Circuits, p173 (2003)

[8] Fabio Pellizzer, et.al., Symposium on VLSI Technology, p122, (2006)
[91Y. Sasago, et.al., Symposium on VLSI Tech., TSB-2 (2011)

4:40pm EM2-MoA9 Resistive Switching in HfO, Metal-Insulator-
Metal Devices (RRAM), M. Bonvalot, Laboratoire des Technologies de la
Microélectronique (LTM), France, C. Mannequin, P. Gonon, C. Vallee,
LTM-CNRS, France, V. Jousseaume, H. Grampeix, Minatec, France

HfO, is attracting interest as a high-k dielectric for several applications in
microelectronics, including transistor and Flash memory gate stacks, as well
as Metal-Insulator-Metal (MIM) capacitors for DRAMs and rf circuits. As
such, the assessment of HfO, reliability is of special importance.

In this work we investigate resistive switching of HfO,-based devices. The
HfO, thin films (10 and 20 nm thick) are deposited by the Atomic Layer
Deposition (ALD) technique on TiN/Si or Pt/Si wafers (bottom electrode)
and top Au electrodes. The MIM devices are subjected to a constant dc
voltage stress (CVS) and the current is monitored as a function of time.
During these experiments we observe transient leakage currents, followed
by a progressive increase of conductivity. Phenomena are related to oxygen
vacancy defects. Upon bias application oxygen vacancies drift (space
charge limited transient currents) to form conducting filaments (leakage
increase) through the HfO, thickness. Influence of the electrode is discussed
since we found oxygen vacancies in MIM devices to be strongly correlated
to the metal oxygen affinity [1]. Identical results have been recently found
for TiO, RRAM devices [2].

We also proposed to modify the oxygen vacancies and study their effects on
the RRAM electrical properties by applying post deposition plasma
treatment. Different hydrogen-based (NH; and H,) plasma annealing
treatments of the HfO, dielectric are carried out in order to study the
influence of the oxygen vacancies or defects on the subsequent switching
behaviour before the deposition of the top electrode. The RRAM devices
are then electrically and physically characterized. I(V) curves are then
recorded and switching parameters such the SET voltage are compared for
devices with and without plasma treatment. The modifications of switching
properties are correlated to chemical analysis results, mainly Angle-
resolved X-ray Photoelectron Spectroscopy, Attenuated Total Reflexion
(ATR) and Spectroscopic Ellipsometry (SE) up to 8 eV, with special
attention devoted to metal/oxide interface investigations.

[1] C. Vallée et al, Appl. Phys. Lett. 96 (2010) 233504



[2]J.J. Yang, et al, Appl. Phys. A 102 (2011) 785

Energy Frontiers Focus Topic
Room: 103 - Session EN+EM+NS-MoA

Nanostructured Materials for Third Generation Solar
Cells

Moderator: W.A. Tisdale, Massachusetts Institute of
Technology

2:00pm EN+EM+NS-MoA1l Fabrication of Two-dimensional Array of
Sub-10nm GaAs Nanodisk using Bio-template Neutral Beam Etching
Process, S.-H. Lin, X.-Y. Wang, C.-H. Huang, Y. Ohno, M. lagarashi,
Tohoku University, Japan, A. Murayama, Hokkaido University, Japan, S.
Samukawa, Tohoku University, Japan

Recently, 3-dimensional (3D) or 2-dimensional (2D) quantum dot
superlattice are widely investigated to develop the new generation devices,
such as quantum dot solar cell. Quantum dot superlattice consists of
quantum dots with lower band gap energy in the matrix with higher band
gap energy. For the device application, the structure requires high QD
density, periodic QD array and uniform dot size and inter-dot spacing.
Molecular beam epitaxy (MBE) and Metal-organic chemical vapor
deposition (MOCVD) are two attractive methods among various bottom-up
fabrication methods to fabricate quantum dots. However, there is limitation
of bottom-up process to control the size, spacing and density of quantum
dots. To brealkthrough these peoblems, we have proposed the ultimate top-
down process by combination of bio-template and damage-free neutral
beam etching (NBE) for fabricating defect-free 2D array of quantum dots.

In this study, we developed a series of novel process for fabricating uniform
size and high density 2D array of GaAs nanodisk with unform inter-dot-
spacing. Firstly, the hydrogen-radical treatment was used to remove the
native oxide on GaAs surface. To utilize two-dimensional array of ferritin
(protein including 7-nm-diameter iron core) as an etching mask, the
formation of a hydrophilic 1-nm thick GaAs neutral beam oxidation film is
key point. It is found that protein shell can be removed with oxygen-radical
treatment at a low temperature of 2800C without thermal damage to GaAs.
After protein shell removal, the iron oxide cores inside the ferritins
remained on the surface. Then, using the iron core as an etching mask,
neutral beam could etch the defect-free nanodisc structure of GaAs. Finally,
we developed that iron oxide core was removed by wet etching with diluted
hydrogen chloride and completed a fabrication process without inflicting
any damage to GaAs. The result shows the quantum dot superlattice
structure with a two-dimensional array of GaAs quantum dots with a
diameter of ~7-nm, a height of ~10-nm, and a quantum dot density of more
than 7x10"'cm? was successfully demonstrated without any damage to
GaAs.

This work is supported by the Core Research of Evolutional Science and
Technology (CREST) of Japan Science and Technology Agency (JST).

2:40pm EN+EM+NS-MoA3 Solution Processed Quantum Dots for
Low Cost Photovoltaics, E.J.D. Klem, J. Lewis, C. Gregory, G.
Cunningham, D. Temple, RTI International INVITED
For solar energy to be a significant component of our energy supply new
technologies are needed that enable the fabrication of low cost, high
efficiency solar cells. Research into solar energy devices which incorporate
carbon fullerenes and semiconducting polymers represent one such
technology. One factor limiting their further advance is their lack of
absorption in the infrared (IR). As half the sun’s energy lies beyond 700 nm
and one third beyond 1000 nm, low-cost device technologies are needed
which capture this lost infrared potential. An additional factor limiting the
further advance of these devices is the relatively poor electrical transport
properties of most semiconducting polymers.

The use of solution processed quantum dots provides a potential route
towards overcoming both of these limitations. Solution processed quantum
dots can be tuned to absorb light well into the infrared, and quantum dot
composite thin films have been shown to have charge carrier mobilities
approaching that of amorphous silicon.

In this presentation we will present a brief overview of colloidal quantum
dots and the field of quantum dot photovoltaics. We will discuss a range of
device architectures and material systems that have been explored
experimentally. This includes quantum dot-metal Schottky junctions,
quantum dot heterojunctions, and quantum dot-metal oxide junctions.

We will also present a device architecture which is based on the
heterojunction formed between infrared-sensitive PbS quantum dots and Cg
fullerenes. In this device pre- and post-deposition treatments to are used

35

passivate carrier traps and increase the conductivity of the quantum dot
films. A device stack is presented that is designed to steer photo-excited
charge carriers to the charge-separating interface, reducing recombination
pathways and improving carrier extraction efficiency. Under simulated solar
illumination the devices exhibit short circuit current densities greater than
20 mA/cm?, power conversion efficiencies greater than 5%, and spectral
sensitivity out to 1500 nm. This represents a significant step towards
demonstrating the commercial viability of solution processed quantum dot
technology

3:40pm EN+EM+NS-MoA6 Role of Quantized and Mid-Gap States in
“Dark” Charge Transport and Photoconductivity in Semiconductor
Nanocrystal Films, P. Nagpal, Los Alamos National Laboratory

Colloidal semiconductor nanocrystals (NCs) have attracted significant
interest for applications in solution-processable devices such as light-
emitting diodes and solar cells. However, poor understanding of charge
transport in NC assemblies, specifically the relation between electrical
conductance in dark and under light illumination, hinders their
technological applicability. Here, we simultaneously address the issues of
"dark" transport and photoconductivity in films of PbS NCs by
incorporating them into optical field-effect transistors (OFETs), in which
the channel conductance is controlled by both gate voltage and incident
radiation. Spectrally resolved photoresponses of OFETs reveal a weakly
conductive mid-gap band (MGB) which is responsible for charge transport
in dark. The mechanism for conductance, however, changes under
illumination when it becomes dominated by band-edge quantized states. In
this case, the MGB still plays an important role as its occupancy (tuned by
the gate voltage) controls the dynamics of band-edge charges. Our study has
broad implications for NC-based electronics and optoelectronics, and
specifically, suggests that design guidelines for NC devices might be
different depending on whether they are intended for operation in dark
(diodes and transistors) or under illumination (photodetectors and solar
cells).

4:00pm EN+EM+NS-MoA7 Using Surface Chemistry to Modulate the
Bandgap of Ge Nanowires, S. Sivaram, M.A. Filler, Georgia Institute of
Technology

Small-diameter semiconductor nanowires are highly attractive building
blocks for next generation photovoltaic devices because they exhibit highly
tunable optoelectronic properties as a result of quantum confinement.
Bottom up approaches, such as the vapor-liquid-solid (VLS) growth
mechanism, are controllable down to ~20 nanometers but significant
challenges exist at smaller length scales where property tuning is
maximized. Furthermore, it is expected that the optoelectronic properties of
quantum-confined nanowires will be heavily dependent on surface
chemistry, yet there are no experimental studies that fundamentally probe
this relationship. Germanium is an ideal system to study because of its large
Bohr exciton radius, low rate of oxidation, and chemical similarity to
silicon. In this work we controllably synthesize germanium nanowires with
diameters from 5 to 20 nanometers using gold catalyst particles with a
narrow size distribution. To obtain epitaxial Ge nanowires with uniform
diameters and lengths, a two-step growth process is employed that includes
a brief, high-temperature nucleation (390°C) above the Au-Ge eutectic
point, followed by elongation at various process conditions, generally below
the eutectic point (280 — 340°C, 1x10”7 — 1x10* Torr). To limit catalyst
diffusion and formation of the V3 x V3 Au/Si reconstruction on the Si(11 1)
surface, a key problem for controllable sub-20 nm growth, the substrate is
passivated with -CH; groups prior to nanowire synthesis by introducing
small quantities of methylgermane. Nanowire surface chemistry is probed
with in-situ transmission infrared (IR) spectroscopy both during and after
growth. We introduced different adsorbates (-H and -CH;) and monitored
their influence on the band gap as a function of surface coverage. We show
that the band gap of Ge nanowires blue shifts with H passivation and red
shifts with CH; termination.

4:20pm EN+EM+NS-MoA8 Production of Multi-milligram Yields of
Ternary II-VI Semiconductor Nanocrystals Under Non-coordinating
Amine Activated Synthesis, M. Plaisant, P.H. Holloway, University of
Florida

Thermolysis of Zn and Cd precursors under a non-coordinating one-pot
wet-chemical synthesis has successfully produced a heterogeneous ternary
Cd,Zn,,Se alloy with an extensive spectral red shift of 200nm in the visible
range. Large yields of twenty milligram of the Cd.Zn,..Se alloy are
minimally required for inclusion of the material in the active layer of an
inorganic/organic photovoltaic device. The facile synthesis of such large
yields of ternary semiconductor nanocrystal alloys has not commonly been
reported in the literature. Herein we discuss first the thermolytic synthesis
of the material beginning from the ZnSe core through the inclusion of the
Cd-precursor. We then discuss the production of the ternary II-VI
semiconductor Cd,Zn,;.,Se material through a process of non-coordinating
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synthesis with amine-activation to produce the high multi-milligram yields
required for device inclusion.

4:40pm EN+EM+NS-MoA9 Type-II ZnTe/ZnSe Quantum Dots for
Intermediate Band Solar Energy Conversion, C. Chen, B. Juang, J.
Hwang, S. Kim, X. Pan, J. Phillips, University of Michigan

Intermediate band solar cells and impurity photovoltaics have been
proposed to achieve high efficiency solar energy conversion by introducing
electronic states within the bandgap of the host material. The intermediate
electronic states provide enhanced photocurrent through the addition of sub-
bandgap optical transitions while maintaining a voltage that follows the host
material. Approaches to realize these solar cells include the incorporation of
dopants/impurities, dilute alloys, and nanostructures such as quantum dots.
Self-assembled quantum dots such as InAs/GaAs possess excellent optical
properties and have been applied to numerous optoelectronic devices
including demonstration of the intermediate band solar cell concept. The
highly radiative transitions in these type-I materials result in short radiative
carrier lifetimes — a feature that is desirable for light emitters, but can be
problematic  for photodetectors and solar cells. Semiconductor
nanostructures with type-II band alignment result in spatially separated
electron and hole wavefunctions, resulting in reduced oscillator strength and
corresponding reduction in optical absorption, spontaneous radiative
recombination rate, and increased radiative carrier lifetime. The tradeoff
between carrier lifetime and optical absorption may be effectively used to
provide a closer match to the generation-recombination rates desired for
intermediate band solar energy conversion. In this work, ZnTe/ZnSe type-II
quantum dots are proposed for intermediate band solar energy conversion.
The theory of intermediate band solar energy conversion in this material
system will be presented along with initial experimental results on the
epitaxial growth, structural properties, and optoelectronic response of the
materials. The ZnTe/ZnSe quantum dots were grown by molecular beam
epitaxy, where three-dimensional island formation is observed via strained
layer growth in the Stranski-Krastanow growth mode. Low temperature
photoluminescence spectra reveal optical transitions from ZnSe (2.8eV),
Tes. isoelectronic centers (2.6eV), and broad emission in the range of 2.0-
2.4eV attributed to type-II quantum dots.

Energy Frontiers Focus Topic
Room: 104 - Session EN-MoA

Industrial Physics Forum on Energy II
Moderator: J.W. Rogers, Idaho National Laboratory, J.N.
Hollenhorst, Agilent

2:00pm EN-MoAl The Role of Nuclear Energy in a Sustainable
Energy Scenario, H.F. McFarlane, Idaho National Laboratory INVITED
Only three primary energy sources power the planet for humankind’s
benefit. Though seldom identified as such, the most familiar is nuclear
fusion, which provides the solar flux to warm the earth, power the
renewable wind and water cycles, and drive photosynthesis for plant
growth. Ancient carbon bonds, formed over millions of years and stored in
the form of familiar fossil fuels—oil, natural gas, and coal—comprise
plentiful resources that enable most of our transportation and electricity
generation. Uranium powers the third, and to many people the most
mysterious, energy source, nuclear fission.

Different groups define sustainable energy in different ways, the specific
definition usually crafted to advance a particular point of view. In this
discussion, I shall use sustainable to mean that the resource and its
application are sustainable for hundreds of years, through multiple
generations. Five years ago who would have thought that we would be
talking about a 100-year supply of affordable natural gas, yet that is what
new technology may have brought us—though the environmental
consequences are still being sorted out. Renewable energy will serve us as
long as we have a clear view of the sun, or until the solar plasma reaches
out and kisses earth. Nuclear energy brings emotional baggage. Nuclear
energy’s sustainability yardstick is multi-dimensional, not merely a question
of how long uranium resources will last under various scenarios.

One well-accepted international research, demonstration and development
program addresses nuclear sustainability at its core—the Generation-IV
International Forum. From 200 candidate technologies, the Forum selected
six advanced nuclear systems for possible development. Each system is
required to set stretch goals for safety, nuclear proliferation resistance,
economic competitiveness, and sustainability. That said, nuclear’s
sustainability relies on success in the first three goals as well as public
acceptance.
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This talk will use the Generation-IV framework applied to existing as well
as future infrastructure. It will provide a provocative perspective on
resources, safety (including the Fukushima-Daiichi accident resulting from
an overwhelming tsunami), and nonproliferation. Nuclear energy’s potential
role in providing a significant fraction of electrical generation as well
transportation fuels will be explored.

2:40pm EN-MoA3 What’s So Smart about the “Smart Grid?”, J.G.
Kassakian, Massachusetts Institute of Technology INVITED
The “Smart Grid” has received considerable hype in Washington and the
popular press. To some it means an automated metering infrastructure
allowing consumers to participate in load management. To others it means
the interconnection of distributed renewable resources and the introduction
of electric vehicles. It is all of these and more. This presentation will
provide an overview of the many dimensions of the smart grid vision,
including anticipated technical innovations and policy changes necessary
for realizing the vision.

3:40pm EN-MoA6 Electrochemical Energy Storage for Renewable

Integration and Grid Applications: Status, Challenges and
Opportunities, Z.G. Yang, Pacific Northwest National Laboratory
INVITED

Growing concerns over the environmental consequences of burning fossil
fuels and their resource constrains, along with the increasing world energy
consumption, have spurred great interests in renewable energy from sources
such as wind and solar. However, the power from these intermittent sources
is constantly varied, making quite challenging for its use and dispatch
through the aging electrical grid. One effective way to smooth out the
intermittency is to employ electrical energy storage (EES). As such EES has
been widely considered as a key enabler of the future grid or smart grid that
is expected to integrate a significant level of renewable, while providing
electricity or “fuel” to hybrid and electrical vehicles. Among the potential
technologies are electrochemical energy storage technologies or batteries
that are capable of storing a large quantity of electricity and releasing it
according to demands. There remain significant challenges however for the
current technologies to meet the performance and cost matrices for broad
market penetration. This paper offers an overview on varied technologies,
in particular batteries, and discusses the status, challenges and research
needs.

Graphene and Related Materials Focus Topic
Room: 208 - Session GR+TF+ET-MoA

Graphene: Electronic Properties and Charge Transport
Moderator: L. Colombo, Texas Instruments Incorporated

2:00pm GR+TF+ET-MoA1l Electronic and Magnetic Properties of a
Graphene Line Defect, D. Gunlycke, Naval Research Laboratory

INVITED
Although graphene exhibits excellent electron and thermal transport
properties, it does not have an intrinsic band gap, required to use graphene
as a replacement material for silicon and other semiconductors in
conventional electronics. The band structure of graphene, however, offers
opportunities to develop non-traditional applications. One such avenue is to
exploit the valley degeneracy in graphene. In this presentation, I will
present a two-dimensional valley filter based on scattering of electrons and
holes off a recently observed extended line defect. The transmission
probability depends strongly on the valley and the angle of incidence of the
incident quasiparticles. Quasiparticles arriving at the line defect at a high
angle of incidence lead to a valley polarization of the transmitted beam that
is near 100%.

I will also discuss results showing that the extended line defect gives rise to
ferromagnetically coupled local moments. This ferromagnetism can be
understood from a symmetry analysis of the boundary-localized eigenstates.
The symmetry requires that the principal moments couple ferromagentically
both along and across the line defect, leading to approximately 2/3 more
spin-up electrons and than spin-down electrons per repeat unit along the line
defect.

This work was supported by the Office of Naval Research, directly and
through the Naval Research Laboratory.



2:40pm GR+TF+ET-MoA3 Hydrogenation Induced Graphene-Metal
Contact - Observation of States at Fermi Level, S. Rajasekaran,
Stanford University, S. Kaya, T. Anniyev, Stanford Synchrotron Light
Source, F. Yang, D. Stacchiola, Brookhaven National Laboratory, H.
Ogasawara, A. Nilsson, Stanford Synchrotron Light Source

Graphene has received tremendous interest due to its unique electronic
structure. Manipulating its electronic structure has received considerable
interest. Hydrogenating graphene to open a band gap has been proposed and
certain groups have demonstrated hydrogenation induced band opening for
graphene on metal substrates.

We employed carbon specific soft x-ray spectroscopy (X-ray photoelectron
(XPS), X-ray absorption (XAS) and X-ray emission spectroscopy (XES))
and scanning tunneling microscopy (STM) to investigate how
hydrogenation changes the geometric and electronic structure of graphene
on Pt(111). Graphene growth on Pt(111) is accompanied with Moiré
structure due to periodic rippling in the graphene overlayer due to lattice
mismatch and weak interaction between graphene and Pt. Hydrogenation
leads to complete disappearance of long range order, although STM
indicates that ripple periodicity survives even after hydrogenation. We show
that hydrogenation of the unit cell of Moiré nano-patterns is accompanied
by pinning of the graphene layer to underneath metal substrate. Structural
changes involved in the process of hydrogenation induce covalent
graphene-metal interaction. Angle resolved XES and XAS make it possible
to probe symmetry resolved states in ¢ and @ bond geometry. XES-XAS
indicates that the density of states (DOS) of graphene is very similar to that
of graphite. Hydrogenation induces significant changes in the electronic
DOS, most of which reflect the formation of C-H ¢ bonds. For disordered
hydrogenated graphene, contrary to band opening, we observe states at the
Fermi level after hydrogenation which we reason to arise due to graphene
metal interaction and localized C-H bonds. This effect is proposed to be a
way to tailor its electronic properties as a possible method to form better
graphene-metal contact.

3:00pm GR+TF+ET-MoA4 First-Principles Studies of Atomic and
Electronic Structure of Graphene on Sn/Ni(111) Surface Alloy, L.
Adamska, R.Q. Addou, A. Dahal, M. Batzill, 1.1. Oleynik, University of
South Florida

Graphene-substrate interactions can be exploited to modify the electronic
structure of free-standing graphene. Although most of the efforts were
directed towards investigation of graphene on pure metallic substrates, less
is known about properties of graphene grown on surface alloys. Sn/Ni(111)
surface alloy is of particular interest because this structure has the surface
lattice constant of Ni(111), i.e. almost a perfect match with graphene’s
lattice constant, and its surface is highly corrugated due to the substantially
large atomic radius of Sn compared to Ni. Here we present results of first-
priniciples density functional theory investigations of structural and
electronic properties of graphene on sqrt(3)xsqrt(3)R(30) Sn/Ni alloy
substrate. It was found that the presence of Sn atoms (1/3 monolayer)
results in substantial weakening of graphene-substrate interactions, as is
evidenced by large graphene-substrate separation. Nevertheless, the
electronic structure of graphene is substantially affected by the underlying
substrate as is as seen on simulated STM images. The theoretical
predictions for the atomic and electronic structures of graphene on
Sn/Ni(111) substrate are compared with experimental results.

3:40pm GR+TF+ET-MoA6 Charge Transport through Graphene: the
Role of Metal Contacts, M.Y. Chou, M.E. Kindermann, S. Barraza-Lopez,
Georgia Institute of Technology

Graphene is a flat form of carbon only one-atom tick. Formed by two
interweaving triangular sublattices, it has two atoms on its unit cell. Under
normal conditions the charge carriers in graphene can be described with an
effective single-particle picture. They display an isotropic and linear (i.e.,
conical) electronic dispersion around the charge neutrality level. This
dispersion is described by a Dirac-like equation with a pseudo-spin (related
to the sublattice degree of freedom) instead of the standard electron spin.
The pseudo-spin is responsible in great part for the strongly suppressed
back-scattering in graphene that results in coherent quantum charge
transport on lengths up to the micrometer scale, making graphene a relevant
material for electronic applications. Yet for applications and for electrical
measurements metal contacts are patterned onto graphene. Then the two
following questions naturally arise: (i) How graphene interacts with these
metal contacts? (ii) How this interaction affects the conductance of a
metal/graphene/metal junction in comparison with the hypothetical
conductance of pristine (and contactless, infinite) graphene?

In this talk I will discuss quantitatively —within a single-particle
description— the quantum transport of charges through graphene, with a
focus on the signatures that metal/graphene interfaces imprint on the
conductance features. The metals considered are normal (i.e., not
superconducting), and spin unpolarized. A crucial observation is that not all
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metal form covalent bonds to graphene. The conductance is obtained as a
function of the separation between contacts, the width of the junctions, as
well as the thickness of the metal layers when necessary. From these
calculations we are able to extract the basic physics involved in transport
for all normal metals [1]. Our studies aim towards a comprehensive
modeling of graphene devices at the quantitative level.

[1] S. Barraza-Lopez, M. Vanevic, M. Kindermann, and M.-Y. Chou.
"Effects of metallic contacts on electron transport through graphene." Phys.
Rev. Lett. 104, 076807 (2010); S. Barraza-Lopez, M. Kindermann and M.-
Y. Chou. "Charge transmission through short two-terminal graphene
junctions with normal bonding metal contacts." (In preparation.)

4:00pm  GR+TF+ET-MoA7 Layer Number Determination and
Thickness-dependent Properties of Graphene Grown on SiC, W. Zhu,
C. Dimitrakopoulos, M. Freitag, Ph. Avouris, IBM T.J. Watson Research
Center

The electronic properties of few-layer graphene grown on the carbon-face
of silicon carbide (SiC) are found to be strongly dependent on the number
of layers. The carrier mobility is larger in thicker graphene because
substrate-related scattering is reduced in the higher layers. The carrier
density dependence of the mobility is qualitatively different in thin and
thick graphene, with the transition occurring at about 2 layers. The mobility
increases with carrier density in thick graphene, similar to multi-layer
graphene exfoliated from natural graphite, suggesting that the individual
layers are still electrically coupled. The Hall coefficient peak value is
reduced in thick graphene due to the increased density of states. A reliable
and rapid characterization tool for the layer number is therefore highly
desirable. To date, AFM height determination and Raman scattering are
typically used since the optical contrast of graphene on SiC is weak.
However, both methods suffer from low throughput. We show that the
scanning electron microscopy (SEM) contrast can give similar results with
much higher throughput.

4:20pm GR+TF+ET-MoA8 Graphene: Scratching the Surface, M.
Fuhrer, University of Maryland at College Park INVITED
Graphene is of interest for its unique electronic structure: electrons in
graphene obey the Dirac equation for massless particles, complete with a
two-component spinor degree of freedom that mimics the spin of a
relativistic particle. But graphene is also composed entirely of surface
atoms, making the techniques of surface science useful in studying its
properties. I will discuss experiments which combine ultra-high vacuum
(UHV) surface science with electronic transport measurements to
understand graphene and the adsorbed species on its surface. Surface
science techniques can be used to controllably modify graphene’s
properties: potassium atoms can be deposited to form charged impurity
scatterers; ice can be deposited to modify the dielectric environment of
graphene and tune the electron-electron interaction strength; and ion
irradiation can be used to create atomic vacancies which act as Kondo
impurities. Graphene’s transport properties are extraordinarily sensitive to
surface adsorbates, and can be used to detect e.g. correlations in the
positions of potassium atoms at concentrations below 1/1000" of a
monolayer, and phase transitions in few-monolayer water.

5:00pm GR+TF+ET-MoA10 Metallic and Insulating Adsorbates on
Graphene, K.M. McCreary, RK. Kawakami, University of California,
Riverside

While several experiments have separately investigated the doping of
graphene by metallic and insulating adsorbates, the

transition from metallic to insulating behavior of the adsorbates has not yet
been explored. We directly compare the effect of metallic titanium (Ti) and
insulating titanium dioxide (TiO,) on the transport properties of single layer
graphene. The deposition of Ti results in substantial n- type doping and a
reduction of graphene mobility by charged impurity scattering. Subsequent
exposure to oxygen largely reduces the doping and scattering by converting
Ti into TiO,. In addition, we observe evidence for short-range scattering by
TiO, impurities.

5:20pm GR+TF+ET-MoAll Electron Transport in Carbon Nanotube
- Graphene Contacts, B. Cook, W. French, K. Varga, Vanderbilt
University

Graphene and carbon nanotubes are two of the most promising materials for
future applications due to their unique properties. Devices combining the
two materials are expected to be particularly advantageous. The interface of
carbon nanotubes and various metal electrodes has been previously studied,
both experimentally (Chen et al. Nano Lett. 2005, Zhang et al. Nano Lett.
2007) and theoretically (Shan et al. PRB 2004, Zhu et al. APL 2006, He et
al. APL 2009). These studies focus on the search for materials with a low p-
type Schottky barrier. Hybrid graphene-carbon nanotube structures have
been previously demonstrated (Tung et al. Nano Lett. 2009). We propose
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the use of graphene as a electrode material for carbon nanotube based FET
devices. To this end the carbon nanotube - graphene contact is investigated
with first-principles calculations within density functional theory of the
Schottky barrier height (SBH) and transport properties. Total energy and
electronic structure calculations are carried out with a plane-wave basis set
and the transport characteristics are calculated with a localized atomic
orbitals basis within the non-equilibrium Green's function framework. We
consider only the side-contact geometry, nanotubes laying atop graphene.
The SBH for (5,0), (8,0) and (10,0) nanotubes on graphene is calculated.
The transport characteristics of a combined graphene - nanotube device are
considered. In the case of small diameter nanotubes (~0.6nm) a SBH of
~0.09 eV is found when graphene contacts are used, much lower than the
typical reported values (0.3 eV and higher).

In Situ Spectroscopy and Microscopy Focus Topic
Room: 106 - Session IS+AS+SS-MoA

In Situ Characterization of Solids: Film Growth, Defects,
and Interfaces

Moderator: M. Salmeron, Lawrence Berkeley National
Laboratory

2:00pm IS+AS+SS-MoAl A New Approach to Defect Evolution
Studies — Combined In Situ Experiments and Electron Tomography,
IM. Robertson, J. Kacher, G. Liu, University of Illinois at Urbana-
Champaign INVITED
Electron micrographs are two-dimensional images capturing specific
instances in the evolution of the microstructure and composition as well as
the electronic and magnetic state. As these yields no insight as to how the
state evolved, a posteriori knowledge is used to determine the most likely
pathway. This challenge can be addressed by conducting experiments in situ
in the transmission electron microscope, which allows direct observation
and in some cases quantification of the reactions and interactions
responsible for the evolved structure. The information, however, remains
two-dimensional and with increasing use of this technique it is becoming
apparent that lack of three-dimensional knowledge is hindering
interpretation. Information in the beam direction can be recovered by
applying electron tomography, but this is a relatively new technique to
defect studies and despite its potential it remains a static snapshot. In this
talk, I will illustrate how time-resolved deformation studies have improved
our understanding of the behavior of dislocations and how this information
has informed the development of new models. I will also demonstrate how
three-dimensional images yield a better understanding of complex
dislocation interactions and configurations. Finally, I will address the
challenges faced in combining these two techniques such that three-
dimensional snapshots of the evolving microstructure can be acquired
periodically.

2:40pm IS+AS+SS-MoA3 Real-time Oxide Growth Characterization
using Atomic Force Microscopy, G. Rijnders, University of Twente, the
Netherlands INVITED
Complex oxides have attracted great interest since they exhibit a rich
spectrum  of  physical  properties such as  ferromagnetism,
antiferromagnetism, colossal magnetoresistance, ferroelectricity,
dielectricity, and superconductivity. Novel heteroepitaxial devices based on
these complex oxides, like spin-polarized ferromagnetic tunnel junctions,
superconducting devices and piezoelectric devices, have great potential and
are currently under investigation in many groups.

The nature of the above-mentioned physical properties in complex oxides is
determined by very small characteristic length scales, comparable to the
unit cell lattice parameters of complex oxide. Because of these small
characteristic length scales, growth control on an atomic level as well as
understanding of the different mechanisms affecting the growth mode is
essential for the fabrication of epitaxial heterostructures.

Two independent processes, i.e., nucleation and growth of islands, play an
important role during vapor-phase epitaxial growth on an atomically flat
surface. Here, nucleation causes the formation of surface steps and
subsequent growth causes the lateral movement of these steps. Both
processes are determined by kinetics, since they take place far from
thermodynamic equilibrium. These kinetic processes affect the final surface
morphology and are, therefore, extensively studied. I will demonstrate the
applicability of high-pressure RHEED as well as Scanning Force
Microscopy (SFM) to monitor to the growth of complex oxides during
Pulsed Laser Deposition (PLD). Because of recent developments, SFM is
nowadays also used to study dynamic processes, such as thin film growth
and surface reaction mechanisms.
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We have realized a system, in which SFM can be performed during Pulsed
Laser Deposition (PLD). Deposition and force microscopy are performed in
one vacuum chamber and via a fast transfer (in the order of seconds) the
surface of a sample can be scanned. In our system we take advantage of the
pulsed deposition process, because microscopy measurements can be
carried out between the pulses. This provides real-time morphology
information on the microscopic scale during growth. The transfer
mechanism allows switching between microscopy and deposition with a re-
position accuracy of 500 nm which gives new opportunities to study
growth processes. Furthermore, it can provide information if RHEED is not
possible, for example during amorphous and polycrystalline growth.

In this contribution, I will highlight recent advances in oxide thin film
growth as well as the latest equipment developments.

3:40pm IS+AS+SS-MoA6 An Auger Electron Analyzer System for In
Situ MBE Growth Monitoring, W.L. Calley, Georgia Institute of
Technology, P.G. Staib, Staib Instruments, J.E. Lowder, J.D. Greenlee,
M.W. Moseley, W.E. Henderson, W.A. Doolittle, Georgia Institute of
Technology

Auger Electron Spectroscopy (AES) analysis is a surface sensitive
technique for thin film analysis, able to detect nearly all elements [1]. Not
only can AES help determine the species present at the surface, but AES
can also yield information about the chemical bonding [1]. However, this
analysis tool has historically been an ex sifu technique with a few noted
exceptions [2]. Herein we demonstrate the capabilities and usefulness of an
Auger probe, the Staib In situ Auger Probe (SIAP) that has a sufficient
working distance (tested up 82 mm) so as to not shadow beam fluxes
allowing use during growth. The probe leverages an existing RHEED gun
as an e-beam source for Auger electron excitation.

The configuration and operation of the SIAP has been described in detail
[3]. The tool is installed on an MBE system configured for Terfenol growth,
a miscible alloy of TbFe, and DyFe,. Initial growths performed without
Auger monitoring exhibited substantial oxidation even after Ar etched to
remove surface contamination, figure 1. The SIAP was then employed to
determine the sources of oxygen contamination.

Three sources of O were identified. The growth chamber had a high enough
partial pressure of oxygen to oxidize the highly reactive rare earth elements.
After 30 hours in the chamber, uncapped Tb showed a substantial increase
in the ratio of O to Tb, figure 2. The Tb source material also delivered O
and the rate of O delivery increased with cell temperature, figure 3. A final
oxygen source was identified to be the Tb/SiO, interface as shown in the
SIMS data in figure 4. Figure 5 shows the Si wafer with C and O present at
the surface. After growth is initiated the C is not detected after 40 A of
deposition, however, the O can be detected until 200 A are deposited,
indicating intermixing with the SiO, interface.

Further tests were conducted starting with a layer of Dy and depositing part
of a monolayer of Tb in 2% increments. Figure 6 shows a clear distinction
between bare Dy and 2, 4, 6, 8, and 10% monolayer coverage of Tb on a Dy
layer, demonstrating the SIAP’s sensitivity is at least 2% of a monolayer for
these heavy elements.

The SIAP is complementary to existing RHEED systems. While RHEED
gives information about the crystal structure of the growing film, the SIAP
provides chemical information. This is especially useful when working with
films without line compositions. The SIAP coupled with a future closed
loop control system may enhance growth of films with multiple oxidation
states or other similar phase/chemical transitions. Finally this technique
could give information about transitions between layers in multilayered
films grown via MBE.

4:00pm IS+AS+SS-MoA7 Quantum Size Effect Driven Structure
Modifications of Bi-films on Ni(111), T.R.J. Bollmann, R. van Gastel, H.
Zandvliet, B. Poelsema, University of Twente, The Netherlands

We have investigated the initial growth of Bi/Ni(111) using Low Energy
Electron Microscopy (LEEM) and Selected Area Low Energy Electron
Diffraction (LLEED). Bismuth represents an interesting material since 1) it
has a tendency for allotropism, 2) it forms several ordered alloys with Ni
and 3) with Bi being a neighbor of Pb in the periodic system, one may find
evidence for quantum size effects in ultrathin Bi layers. Indeed we obtain
ample evidence for Bi/Ni(111) as being a very rich system, even at a fixed
substrate temperature of 474 K.

We find first that the deposition of Bi leads to the formation of a surface
alloy with a (V3x¥3)-R30° structure at a Bi-coverage of 1/3. Continued Bi
deposition leads to the formation of an incommensurate wetting layer with a
continuously decreasing lattice parameter, finally ending in a (7x7)
structure. From the variation of the step position at the buried interface,
nicely accessible with LEEM, we conclude that the dealloying of the \3
phase is incomplete and that the (7x7) wetting layer in fact involves two
layers with a small, but finite Bi content in the second layer. Upon further



Bi deposition elongated, 3-4 layers high nanowires emerge, with a p(5x2)
structure and a width of about 80 nm, oriented along <110> and <100>-
azimuths. Further deposition of Bi-leads to different (sometimes coexisting)
structures: (3x3)-patches with a thickness of three atomic layers and patches
with a matrix structure (m;;=3, m;;=-1, my;=1, my»=2) and a thickness of
five atomic layers. This accurate height assignment is uniquely enabled by
the analysis of LEEM-IV data.

The results are fully consistent with quantum size effect driven thin film
morphology: the different film structures and their thicknesses nicely fit
with integer numbers of nodes in their specific Fermi wave function, even
for the seven layers thick (7x7) structure obtained at a lower temperature of
422 K. Tensor LEED calculations of the interlayer spacing of the different
structures concur with this assignment.

The influence of the structure and morphology on electronic properties of
various materials is well known. The interaction between electronic and
crystal structure should be reciprocal. The Bi/Ni(111) system provides a
nice and we think first illustration: electronic properties, in particular
quantum size effects, actually drive the structure of the thin bismuth films.

4:20pm  IS+AS+SS-MoA8 Growth and Structure of Sm on an
Ultrathin Al,O3/Ni;Al(111) Film: A Comprehensive Study, J.F. Zhu, Q.
Xu, S. Hu, X. Feng, D. Chen, University of Science and Technology of
China

The growth and electronic structure of vapor-deposited Sm onto a well-
ordered ALO3/Ni;Al(111) ultrathin film under ultrahigh vacuum (UHV)
conditions at room-temperature has been studied comprehensively using X-
ray photoelectron spectroscopy (XPS), ultraviolet photoelectron
spectroscopy (UPS), scanning tunneling microscopy (STM) and low
electron energy diffraction (LEED). Our results indicate that at room
temperature Sm grows in a layer-by-layer fashion for the first two layers,
followed by three-dimensional (3D) growth. The interaction of Sm with
ALO; thin films is so strong that deposited Sm is immediately oxidized at
beginning. Both the oxidation states of Sm*" and Sm*" are found at low
coverages (<1 ML) with the situation that the concentration of Sm’
dominates below 0.2 ML and subsequently that of Sm** dominates. With
increasing Sm coverage, the metallic state of Sm gradually appears.
Annealing the film of 0.2 ML Sm/ALO; at T < 500 K results in further
oxidation of the Sm species where all the Sm®" species converts to Sm*’,
Further annealing at higher temperatures leads to loss of Sm from the
surface via subsurface diffusion.

4:40pm IS+AS+SS-MoA9 In Situ Study of the Reaction Mechanism
Kinetics of Pt ALD from (M*Cp)PtMe; and O,, LJ.M. Erkens, A.J.M.
Mackus, H.C.M. Knoops, F. Roozeboom, W.M.M. Kessels, Eindhoven
University of Technology, Netherlands

Atomic layer deposition (ALD) of noble metals and noble metal oxides on
high-aspect-ratio 3D nanostructures has a wide variety of potential
applications in sensing and catalysis. Despite several studies,"* much is still
unknown about the reaction mechanism of Pt ALD using (**Cp)PtMe; and
O,, which can be considered a model system for noble metal ALD
processes. Questions remain regarding the surface species and reactions,
and the temperature dependence of the growth per cycle (GPC). In this
contribution we expand the understanding of the Pt ALD mechanism by
combining quadrupole mass spectrometry (QMS) and spectroscopic
ellipsometry (SE). Using these in-situ techniques to study the process as a
function of temperature between 100 and 300°C, we have gained a unique
perspective, which has led to several new insights. The time-resolved QMS
data for CH4 and CO, show that combustion and other ligand reactions at
the surface occur in sequence, while competing for the available carbon
atoms. Quantification of the data showed that approximately 80% of the C
atoms are combusted during the O, pulse. By performing the QMS
measurements in a temperature series, valuable information was obtained
on the rate of combustion of the hydrocarbon ligands at the Pt surface
during the O, pulse. Using a combination of QMS and SE data, we were
able to formulate a mechanism explaining growth inhibition at low
temperatures. This mechanism manifests itself through three temperature
dependent growth regimes: no growth below 100°C; limited growth
between 100 and 250°C; and full growth between 250 and 300°C. Using
results from surface science literature a likely explanation for these regimes
was given. This involves the cyclopentadienyl ligands at the Pt surface
forming reactive intermediates or being thermally decomposed. The
mechanism was corroborated by QMS and SE data on post-plasma
treatment cycles, by which catalytic activity was temporarily restored. We
were therefore able to link the temperature dependence of the GPC to
combustion kinetics. A detailed description of our methods and results will
be given in our contribution.

1. Aaltonen et al., Electrochem. Solid-State Lett. 6, C130 (2003).
2. Kessels et al., Appl. Phys. Lett. 95, 013114 (2009).
3. Setthapun et al., J. Phys. Chem. C 114, 9758 (2010).
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5:00pm IS+AS+SS-MoA10 In Situ Surface Analytical
Characterization of Electronic Devices: Thin Film Solar Cells and
Lithium Ion Batteries as Examples, A. Thissen, SPECS Surface Nano
Analysis GmbH, Germany

Electronic devices have revolutionized everyday life in industrial countries
over the last decades. Especially devices for energy conversion and storage
like thin film solar cells and lithium ion batteries are of importance for the
future. Recently two main tasks for research and development are dominant:
miniaturization for sophisticated applications targetting at the nanoscale,
and designing low cost large scale devices. In both fields the device
performance is strongly determined by materials quality, composition,
combination and last but not least by processes at materials interfaces.
Nanostructures, minimization of material consumption and the need to
improve device efficiencies consequently leads to the widespread focussing
on thin film preparation. For thin film devices surface and interface analysis
like photoelectron spectroscopy and surface (spectro-)microscopies are an
important tools for material and device characterization. Classical well
defined model experiments already reveal important insights using highly
integrated vacuum systems for analysis and preparation. But analysis of
materials and devices under near ambient conditions and even in situ during
operation is an inevitable future development to improve the significance of
data for development and quality management. In this respect the
application of techniques like Near Ambient Pressure XPS, XPS from
liquids and solid liquid interfaces, hard x-ray PES (HAXPS), Near Ambient
Pressure SPM on solar cell and lithium ion battery materials is the
challenging tasks for manufacturing companies of surface analytical
equipment.

Marine Biofouling Focus Topic
Room: 105 - Session MB+BI+PS-MoA

Marine Antifouling Coatings
Moderator: A. Rosenhahn, Karlsruhe Institute of
Technology, Germany

2:00pm MB+BI+PS-MoAl Advances in Sustainable Technologies for
the Prevention of Marine Biofouling, R. Deshmukh, University of Texas
at Arlington, P. Sheth, University of North Texas Health Science Center,
R.B. Timmons, University of Texas at Arlington, J.A. Schetz, University of
North Texas Health Science Center INVITED
The cost associated with preventing the attachment of marine organisms to
underwater surfaces (biofouling) is billions of dollars annually impacting
numerous sectors including shipping, aquaculture, offshore drilling, and
offshore tidal and wind power. Invariably the most effective biofouling
control methods are ones that are biocidal in nature whereby a coating is
impregnated with a toxin that leaches out over time. However, persistence
and bioaccumulation of heavy metal-based and organic biocides, creates
environmental and health problems that have resulted in their regulation.
Vigorous hull cleaning, aimed at periodically removing biofouling
organisms, disperses fine biocide-impregnated coating particles and this
significantly increases biocide persistence in sediments where they are
ingested by a variety of marine organisms and bioaccumulate.

Coatings that peel off under conditions of high shear, so called foul-release
coatings, are another approach but such coatings are easily damaged, not
amenable to grooming and ineffective against microfouling. Further, the
most effective foul-release coatings are silicon-based and it is becoming
increasing apparent that leaching of toxic silicon oils from the coating
matrix plays a role in their superior antifouling performance. Other
approaches have been to develop durable coatings with little antifouling
activity but that can withstand repeated intense grooming. One of our long
term objectives is to identify coating materials with surface properties
discouraging the settlement of biofouling organisms but also durable
enough to withstand cleaning.

Here we report on the discovery of a transparent, conformal, pin-hole free,
and plasma-polymerizable polymer coating made from an inexpensive
monomer material that drastically reduces (>90%) algae (Ulva) sporeling
settlement and biomass accumulation without any observable toxicity
towards Ulva or a non-target brine shrimp species (Artemia). Further the
unpolymerized monomer has no antifouling effect indicating that potential
leaching of monomer from coated surfaces does not account for the
observed antifouling activity. Rather the antifouling effect is believed to
rely on the presence of a specific chemical moiety because chemical
modification of that moiety abolishes antifouling activity. Testing of other
marine antifouling species such as microfouling bacteria (Cellulophaga)
and macrofouling mussels (Ischadium) suggests that the antifouling
properties of the polymer surface are selective for algae. Potential unique
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applications for this technology include the coating of algae bioreactor
walls or light fixtures allowing for maximal illumination and easy cleaning.

3:00pm MB+BI+PS-MoA4 Development of a Comparative Protocol
for Anti-Fouling Surfaces Based on Polymer Brushes, A. Serrano, S.
Ziircher, S. Tosatti, SuSoS AG, Switzerland, N.D. Spencer, ETH Zurich,
Switzerland

Marine surfaces are known to accumulate fouling material through the
starting point of adhesion and settlement of proteins and cells. This effect
can be manipulated through the modification and control of the substrate
properties via surface functionalization. This approach has led to successful
anti-fouling coatings based on biocidal agents containing copper or zinc
compounds?. The environmental toxicity of these latter materials,
however, has increased the demand for less adverse coatings. The use of
ultra-thin films consisting of polymer brushes has been considered a
promising alternative and many studies have been published in this field*.
None, however, has focused on developing a protocol that allows a reliable
comparison between the efficiency of different well-known anti-fouling
polymers. This is one of the aims of this work and has been achieved by
using a common, azide-terminated monolayer to which different non-
fouling polymers, such as PEG, PEOXA, PVP and PVA, have been
covalently bound. The different materials were compared by characterizing
the structure-property relationship of the formed polymeric brushes. Also
investigated was the role of the solvent used in the anti-fouling polymer
solution as a key element to better control the surface homogeneity. A
thorough analysis of the influence of this parameter on the conformation of
the final polymer brush was based on ellipsometry, XPS and imaging ToF-
SIMS. Finally, the anti-fouling surfaces were subjected to a comparative
biological study by exposure to complex proteins solution and Ulva
zoospores, in order to validate the developed protocol.

References:

' Magin, C.M.; Cooper, S.P.; Brennan, A.B., Materials Today, 2010, 13,
36-44.

(2 Chambers, L.D.; Stokes, K.R.; Walsh, F.C.; Wood, R.J.K., Surface &
Coatings Technology, 2006, 201, 3642-3652.

B3I Banerjee, I.; Pangule, R.C.; Kane, R.S., Advanced Materials, 2011, 23,
690-718.

' Krishnan, S.; Weinman, C.J.; Ober, C.K.; Journal of Materials
Chemistry, 2008, 18, 3405-3413.

3:40pm MB+BI+PS-MoA6 Surface Modification of Polymers via Self-
Stratification: Decoupling of Bulk and Surface Properties, D.C.
Webster, North Dakota State University INVITED
Since materials interact with their surroundings via their surfaces,
controlling the surface properties of a material are of critical importance.
For materials to be used to mitigate biofouling, having the correct surface
properties means the difference between a useful material and one that is
unsuitable for the application. In many cases, the material properties of
compositions which yield useful surface properties are not suitable for the
bulk properties of the material. Thus, being able to decouple the surface and
bulk properties is of interest in many areas.

Combining polydimethysiloxane (PDMS) with other polymer systems
generally results in materials covered with PDMS due to its low surface
energy and incompatibility with other polymers. However, if the PDMS is
not chemically bound into the system, it can be easily removed from the
surface. Thus, forming a copolymer of the PDMS with the other polymer is
required for a durable system. Since polyurethanes are known as tough
polymers due to extensive internal hydrogen bonding, combining PDMS
with a polyurethane could lead to a material which is tough, but has a low
surface energy surface provided by the PDMS. Thus, we have found that
incorporating a reactive PDMS into a crosslinked polyurethane system can
result in a material which has a low surface energy which is stable when
immersed in water. High throughput screening has been used to aid in the
identification and optimization of PDMS molecular weight, composition of
end groups, and the amount of PDMS in the coating. A unique coating was
also identified having discrete domains of PDMS on the surface. Coatings
having good fouling-release properties have been prepared and tested in
ocean immersion testing.

4:20pm MB+BI+PS-MoA8 Antifouling Behavior on the Surface of
Polyelectrolyte Brushes in Water, M. Kobayashi, M. Terada, Jst, Erato,
Japan, A. Takahara, IMCE, Kyushu University, Japan

Nature utilizes super-hydrophilic surfaces under wetted state by water to
achieve oleophobicity and self-cleaning behavior. For example, fish can
maintain a clean body surface by surrounding a thin layer of mucus
containing calcium phosphate and protein, which protects oil attachment,
marine fouling, and adhesion of marine organisms. In this study, high-
density hydrophilic polymer brushes were prepared on Si-wafer by surface-
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initiated controlled radical polymerization of methacrylate monomers with
ionic functional groups.[1] For example, poly(3-sulfopropyl methacrylate
potassium  salt) (PSPMK) and  poly{2-(methacryloyloxy)ethyl
phosphorylcholine} (PMPC) brushes with 50 - 100 nm thickness repelled
both of air bubble and hexadecane droplet in water.[2] Even when the
silicone oil was spread on the polyelectrolyte brush surfaces in air
atmosphere, once the oil-sitting brush substrates were immersed in water,
the oil quickly rolled up and detached from the brush surfaces due to the
low adhesion force between the brush and oil caused by excellent affinity of
polyelectrolyte brushes to water. Similar oil detachment behavior was
observed on the hydrophilic poly(sodium methacrylic acid) (PMANa) and
poly[3-{dimethyl(2’-methacryloyloxyethyl)ammonio} propanesulfonate
(PMAPS) brushes,[3] whereas the oil still remained attached on the
hydrophobic poly(2-perfluorooctylehtyl acrylate) (PFA-C8) brush even
though the PFA-C8 brush shows relatively oleophobic property under air
atmosphere. These hydrophilic brush surfaces would contribute to the
excellent self-cleaning, antifogging, and antifouling properties without any
surfactants

[1] M. Kobayashi, M. Terada,Y. Terayama, M. Kikuchi, A. Takahara,
Macromolcules 2010, 43 8409.

[2] M. Kobayashi, Y. Terayama, N. Hosaka, M. Kaido, A. Suzuki, N.
Yamada, N. Torikai, K. Ishihara, A. Takahara, Soft Matter 2007, 3, 740.

[3]1Y. Terayama, M. Kikuchi, M. Kobayashi, A. Takahara, Macromolecules
2011, 44, 104.

4:40pm MB+BI+PS-M0A9 Non-fouling Polymer Chemical Gradients
for the Investigation of Marine Bioadhesion, O. Sterner, ETH Zurich,
Switzerland, S. Ziircher, SuSoS AG and ETH Zurch, Switzerland, S.
Tosatti, SuSoS AG and ETH Zurich, Switzerland, N.D. Spencer, ETH
Zurich, Switzerland

The accumulation of marine organisms on submerged man-made structures
(referred to as marine biofouling) has great economical and environmental
impact [1]. Numerous strategies to prevent or lower the extent of marine
biofouling have been developed, ranging from biocidal coatings to coatings
that either prevent adhesion, lower the strength of adhesion or combinations
thereof [2-4]. Surface gradients offer a high-throughput approach to
investigate the potency of such coatings, and have the additional advantage
of reducing the error in experiments by replacing a set of single samples,
including positive and negative controls, with a single substrate [5]. In this
project, polymeric ultrathin coatings have been prepared using a versatile
surface functionalization system based on a self-assembled monolayer of
poly(allyl amine) grafted with photo sensitive perfluorophenyl azide
functional groups. Gradients have been prepared using a straightforward
approach to control the extent of azide to nitrene conversion over the
surface, forming a polymer density gradient. Gradients of poly(ethylene
glycol), poly(2-ethoxy-2-oxazoline) and poly(vinyl pyrrolidone) have been
prepared and investigated for non-fouling action against zoospores from
green macrofouling algae Ulva and two strains of marine bacteria. The
gradients reveal a drastic reduction in bacterial adhesion at low polymer
densities for all polymers investigated. Gradients have been characterised
with variable angle spectroscopic ellipsometry (VASE) and the properties
of the polymer coatings have been evaluated with time-of-flight secondary
ion mass spectroscopy (TOF-SIMS) and XPS.

References:

1. Schultz, M.P., Biofouling, 2007. (5): p. 331-341.

2. Chambers, L.D., et al., Surf Coat Tech, 2006. (6): p. 3642-3652.

3. Grozea, C.M. and G.C. Walker, Soft Matter, 2009. (21): p. 4088-4100.

4. Krishnan, S., C.J. Weinman, and C.K. Ober, J Mater Chem, 2008. (29):
p- 3405-3413.

5. Morgenthaler, S., C. Zink, and N.D. Spencer, Soft Matter, 2008. (3): p.
419-434.

5:00pm MB+BI+PS-MoA10 Development of Poly(silyl urethanes) with
Tethered Quaternary Ammonium Biocides as Antifouling Marine
Coatings, P.N. Coneski, N.K. Weise, JH. Wynne, Naval Research
Laboratory

Due to the significant economic burden posed by high operational and
maintenance costs of biofouled ships, the design of environmentally benign,
antifouling marine coatings has been a significant interest for many
researchers since the ban on traditional coatings was enacted. Current
approaches for developing new marine coating materials have primarily
focused on the preparation of low surface energy materials, such as
modified polydimethylsiloxane (PDMS) and fluorinated polymers. These
materials have shown great promise for reducing the adhesion strength of
various fouling organisms, thus allowing hydrodynamic forces to release
the foulants as the ship moves through water. Unfortunately, no existing
material has been shown to eliminate adhesion of all of the numerous



different fouling organisms, including zoospores, microalgae and
diatomaceous species. As such, the development of marine coatings with
multiple mechanisms of fouling prevention may be an important avenue of
antifouling materials research. Poly(silyl urethanes) coatings have been
developed via the reaction of various quaternary ammonium modified
orthosilicates with polyisocyantes. Material properties including glass
transition temperature, surface energy, and thermal stability have been
investigated as a function of orthosilicate and polyisocyanate composition
as well the inclusion or omission of low surface energy soft segments. The
low surface energy of these materials should provide excellent fouling
release properties, as has been seen with other PDMS-like materials, while
the inclusion of bound quaternary ammonium biocides should further
reduce the adhesion and propagation of fouling organisms at the material
interface. Finally, the hydrolysable silyl ether crosslinking may prove to
enhance the antifouling capabilities of these materials by allowing any
fouled portions of the coating to slough away over time, generating a new
active biocidal interface.

5:20pm MB+BI+PS-MoAl1l A Preliminary Study on Porous Pt-
TiO,/Ti Electrodes with Electrochemically Microbubble-Induced
Superhydrophobic Surfaces for Drag Reduction and Antifouling, K.R.
Wu, C.H. Hung, C.W. Yeh, J.C. Sun, J.K. Wu, National Kaohsiung Marine
University, Taiwan, Republic of China

We investigate a novel device that features a reduction in frictional
resistance and antifouling hull surface of seagoing ships which are activated
electrochemically by a series of porous Pt-TiO,/Ti electrodes. This device
includes of a series of anodic and cathodic porous Pt-TiO /Ti electrodes
insulatedly mounted on the hull surfaces of which are electrically connected
to a direct current (DC) power supply. The above-mentioned porous Pt-
TiO,/Ti electrodes are fabricated by two steps; porous TiO,/Ti plates are
firstly prepared on pure titanium plates via a micro-arc oxidation technique
and Pt nanoparticles are thereafter deposited on the porous TiO,/Ti samples
using magnetron sputtering. The DC power supply provides an adequate
DC bias to the Pt-TiOy/Ti electrodes where hydrogen and oxygen
microbubbles are electrochemically nucleated and formed herein in
seawater. As a result, the microbubble-induced superhydrophobic surfaces
are created and the reduction in frictional resistance and antifouling hull
surface are obtained. Our preliminary tests reveal that no attachment
organisms are found on the Pt-TiO,/Ti electrodes after 15 days of field
seawater tests at an applied potential of 1.2 V and an energy consumed rate
of about 4 W/m? On the other hand, organisms, mainly Crassostrea gigas
and barnacles, attached and grew on the Pt-TiO,/Ti electrode that was not
applied a DC potential. That is to say that attachment of organisms can be
prevented. Furthermore, the Pt-TiO,/Ti electrodes yields a gas production
rate of 800 cm’/min m? by electrolysis of seawater at an energy consumed
rate of about 18 W/m?. Hence, the microbubble-induced superhydrophobic
surfaces can be realized with this gas production rate for drag reduction of
the ship hull.

Nanomanufacturing Science and Technology Focus
Topic
Room: 207 - Session NM+MS-MoA

Challenges Facing Nanomanufacturing (All Invited
Session)

Moderator: S. Rosenthal, Vanderbilt University, S. Butler,
Texas Instruments Incorporated

2:20pm NM+MS-MoA2 Sustainable Nanomanufacturing, M. Roco,
National Science Foundation INVITED
Nanomanufacturing has been defined as an approach to design, produce,
control, modify, manipulate, and assemble nanometer-scale elements or
features for the purpose of realizing a product or system that exploits
properties seen at the nanoscale. Nanomanufacturing R&D has as its goal
enabling the mass production of reliable and economical nanoscale
materials, structures, devices, and systems. The current relatively
rudimentary capabilities for systematic control and manufacture at the
nanoscale are envisioned to evolve faster after 2011 as we develop new
models and instrumentation and enter production of nanosystems for
revolutionary new products and processes. We have estimated the global
market of final products that incorporate nanotechnology increases by about
25 percent per year reaching $1 trillion by 2015. This estimation made in
2000 [1] holds in 2011, after passing two thirds of the interval.

Three challenges of nanomanufacturing will be discussed: supporting
innovation (beyond scaling), realizing efficiency (beyond new functions)
and sustainability (of nanoscale processes and of global development). The
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research trends and application opportunities in nanomanufacturing will be
presented by considering four generations of products by 2020 [2]. Most of
what has already made it into the marketplace is in the form of “First
Generation” products (passive nanostructures with steady behavior) and
more recently “Second Generation” (active nanostructures, such as
advanced transistors, amplifiers, targeted drugs and chemicals, sensors,
actuators, and adaptive structures), while embryonic “Third Generation”
(nanosystems, such as bio-assembling; networking at the nanoscale,
nanoscale robotics and multiscale architectures) products are in the pipeline.
Concepts for the “Fourth Generation” products, including molecular
nanosystems, are only in research. Convergence with modern biology,
digital revolution, cognitive sciences and other areas is expected to
accelerate nanotechnology manufacturing. The role of NNI Signature
Initiative on Sustainable Nanomanufacturing will be discussed.

[1] Roco, M.C. and W. Bainbridge, Eds., "Societal Implications of
Nanoscience and Nanotechnology"”, NSF, Springer (former Kluwer
Academic Publishers), 350 pages, Boston, 2001.

[2] Roco, M.C.,, C.A. Mirkin and M.C. Hersam, “Nanotechnology
Research Directions for Societal Needs in 2020”, Springer, 2010
(Www.wtec.org/nano2/)

3:40pm NM+MS-MoA6 The National Nanomanufacturing Network:
Opportunities, Challenges, and Strategies, M.T. Tuominen, University of
Massachusetts Amherst INVITED
Nanomanufacturing holds immense intellectual and economic potential for
stakeholders who pursue it with a vigorous, long-term strategy. Although
numerous nanomaterials are already in production and use, the breadth of
possible applications and societal benefits is only in its infancy. To help

nucleate and support communities of practice in the area of
nanomanufacturing, the NSF provides funding for the National
Nanomanufacturing Network (NNN), which facilitates cooperative

activities between nanomanufacturing centers and projects in academia,
industry and government, and provides a web-based information resource,
InterNano. This presentation will distill key opportunities, challenges, and
strategies emerging from thematic workshops, comprehensive summits, and

other NNN activities focused on the issues associated with
nanomanufacturing. Research, development, education and
commercialization are all essential components of a robust

nanomanufacturing value chain. Nanomanufacturing R & D both draws
from and breaks away from conventional notions of manufacturing. Unique
issues have emerged in the area of nanomanufacturing process
development, scale-up, metrology, integrated nanosystems design for
manufacturing, nanoinformatics, sustainable manufacturing, standards, and

multiple issues associated with a robust national enterprise in
nanomanufacturing.
4:40pm NM+MS-MoA9 Nanomanufacturing: The Future of

Manufacturing?, K. Cooper, Naval Research Laboratory INVITED
Nanomanufacturing is the fabrication of building blocks with nano-scale
features and their integration into useful engineered systems. Through the
precise control of materials and processes at the molecular- and nano-scale,
new properties and functionalities, determined by nano-scale physics and
chemistry, are possible. If successful, such a capability will have a profound
impact on the future of manufacturing, which should lead to the emergence
of new industries and products. The challenges for nanomanufacturing are
achieving the desired functionality, product quality, process repeatability,
production scalability and cost affordability. Another challenge will be to
achieve manufacturing platforms capable of producing systems for a variety
of applications. The ONR Manufacturing Science Program is meeting these
challenges though basic research in novel nano-scale production. For
example, the program supports research in direct digital
nanomanufacturing, massively parallel nano-scale processing, and high-
throughput (e.g., roll-to-roll) nanofabrication. It encourages system-level
integration and cyber-enabled manufacturing approaches. These concepts
along with a few research examples will be described.
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Nanometer-scale Science and Technology Division
Room: 203 - Session NS-MoA

Frontiers in Nanophotonics and Plasmonics
Moderator: N. Camillone III, Brookhaven National
Laboratory

2:00pm  NS-MoAl Probing the Metal-Insulator Transition of
Vanadium Dioxide using Gold Nanoantennas, D.W. Ferrara, J. Nag,
E.R. MacQuarrie, R.F. Haglund, Vanderbilt University

Vanadium dioxide (VO,) films and nanostructures in contact with gold (Au)
or silver nanostructures can form the building blocks of active
metamaterials that can be modulated in response to various stimuli such as
the presence of chemical agents, changes in temperature, or irradiation. The
semiconducting-to-metal phase transition (SMT) of VO,, — which can be
induced thermally (T, = 68°C), optically, or electrically — leads to a change
in the dielectric function of the film. Since the localized surface plasmon
resonance (LSPR) of the metal nanoantenna is sensitive to the local
dielectric environment, the SMT allows the optical response of the
metal::VO, nanocomposite to be tuned. Thus these Au:VO,
nanocomposites are unique probes of strong-correlation physics because,
during the phase transition, the electron-electron interactions in VO, that
drive the SMT are coupled with the plasmonic excitation of the Au
nanostructure.

We fabricated arrays of Au nanoparticles (NPs), 180 nm in diameter and 20
nm high on indium-tin-oxide coated glass by electron-beam lithography.
Subsequently, the nanoparticle arrays were coated with a 60 nm VO, film
by pulsed laser ablation of vanadium metal targets in 10 mTorr oxygen (O,)
background gas, then annealed for 45 minutes at 450°C in 250 mTorr of O,.
Using a Peltier heater and thermocouple mounted on a copper sample
holder, temperature-dependent extinction of the array was measured using
plain VO, film as a reference to determine the LSPR wavelength and
linewidth during the SMT.

The LSPR wavelength of the NPs was 1000 nm in the semiconducting state
and approximately 840 nm in the metallic state, thus overlapping the VO,
electronic transitions from the occupied vanadium 34 band to the empty
3d, band centered at approximately 885 nm. As the film undergoes the
SMT, the split 3d; bands merge and, with the 3d, band, form the metallic
VO, conduction band. Since the Au NPs are sensitive to changes in both the
real and imaginary parts of the VO, local dielectric function, they serve as a
direct probe of the SMT. The results show a 30% decrease in plasmon
dephasing time during the transition due to an increase in carrier-carrier
scattering in the VO,. Both Maxwell-Garnett and Bruggeman effective-
medium theories predict the decrease in dephasing time during the SMT;
however, a linear theory is a more accurate model for the hysteresis in the
LSPR wavelength.

2:20pm NS-MoA2 Metamaterial Nanosensors based on the Metal-
Insulator transition in VO,, K. Appavoo, R.F. Haglund Jr., Vanderbilt
University

The use of solid-solid phase transitions to modulate the plasmonic response
of metal nanostructures is a promising approach to nanophotonic
technologies, including sensors based on signal modulation in confined
nanoscale volumes [1]. Consideration of phase-transforming materials has
typically focused on composition, whereas relatively little attention has
been paid to the question of size dependence in determining stable phases.
However, size effects play a crucial role in determining the coupling with
mechanical, optical, chemical or thermal input required to effect the phase
transformation [2]. With rapid progress in nanofabrication techniques, size-
dependent properties become relevant and systematic studies to assess both
the role of nucleation in forming a new state and of the nanoscale dynamical
effects are needed.

Here, we describe an example that shows how, by systematically varying
the gap between the arms of split-ring plasmonic resonators, the in-arm
coupling resonance in a split-ring metamaterial can be used to monitor the
metal-insulator transition in discrete volumes of the strongly correlated
VO2. Moreover, this “plasmonic hysteresis” technique also provides a
means to correlate the electronic phase-transition with its structural
counterpart which was previously measured using SERS technique [3]. If
the number of intrinsic nucleation sites is directly proportional to the
interrogated volume (a reasonable assumption) [4], we have effectively
shown that well-crafted plasmonic structures with well-understood modes
can be a helpful tool to probe size-dependent effect [5]. Full field 3D finite-
difference time-domain simulations show that the physical origins of these
non-isotropic  electron oscillations leads to concentration of the
electromagnetic energy for focused interrogation and high sensitivity.
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As an additional example, we briefly describe an investigation into the use
of similar nanostructures as chemical sensors based on coupling of
autocatalytic reactions at the gold-VO?2 interface and molecular recognition
moieties. In this case, the detection method involves the change in optical
transition of a metamaterial array incorporating VO2 when the heat of
decomposition is sufficient to initiate the metal insulator transition.

2:40pm NS-MoA3 Enhanced Photoluminescence from GdzOJ:Eu‘”
Based Core/Multi-shell Nanoparticles, J. Choi, M.R. Davidson, P.H.
Holloway, University of Florida

Core/shell and core/multi-shell nanoparticles with luminescent Gd,05:Eu’
were successfully synthesized by a high boiling-point alcohol (polyol) and
solution precipitation methods, respectively. The hetero-structured
nanoparticles with Eu doped Gd,O; exhibited intense ‘Dy-'F,
photoluminescence (PL) from Eu®* after calcination at 600 °C for 2h in air.
Photoluminescence excitation (PLE) data showed that while a small fraction
of the emission resulted from direct excitation of Eu’’, most of the
excitation resulted from adsorption in the Oxygen to Europium charge-
transfer band (CTB) between 225 and 275 nm. Gd,05:Eu*'/Y,0; core/shell
nanoparticles exhibited PL intensities up to 40% larger than from bare
Gd,05:Eu*"  nanoparticles and  Si0,/Gd,03:Eu’*/Y,0;  core/multi-shell
samples showed quantum yield (QY) up to 72% larger than that of
Si0,/Gd,05:Eu’* core/single-shell nanoparticles. The increased PL and QY
were attributed to reduced non-radiative recombination based on longer
luminescence decay time. Potential applications of the nanoparticles as
scintillation radiation detectors will be discussed.

3:00pm NS-MoA4 AulSiO;|Yb:Er:Y,0; Core|Shell Optical
Nanoantenna: Experiment & Simulation, V. Jankovic, J.P. Chang,
University of California Los Angeles

The conversion of electromagnetic (EM) energy from free propagating
radiation to localized energy and vice versa in the radio frequency (RF) and
microwave domains is accomplished with the use of antennas. Optical
antennas are analogous to their RF and microwave counterparts, but there
are crucial differences in their physical properties and scaling behavior
because metal is a highly dispersive material with finite conductivity at
optical frequencies. Optical antennas are not driven by galvanic
transmission lines like RF antennas, instead, localized oscillators such as
atomic emitters are brought close to the feed point of the antennas, and
electronic oscillations are driven capacitatively.

In this work, Au nanoparticles of different shapes (spheres, rods and stars)
were used as antenna elements, Er’* ions in an Y,Os host matrix were used
as atomic emitter antenna driving elements while the capacitative gap
between the antenna element and the atomic emitter was controlled by
deposition of an ultra-thin SiO, inner shell between the Au nanoparticle and
the Yb:Er:Y,O; outer shell. A 4-5nm silica spacer layer was deposited
through a controlled TEOS hydrolyzation reaction and was shown to be
effective in preventing quenching yet enabling energy coupling between the
Au nanorod and the RE-ion doped oxides. Spatially and compositionally
controlled Yb:Er:Y,0; outer shells were deposited using both wet chemistry
methods and radical enhanced atomic layer deposition (RE-ALD).

Upconversion (UC) spectral, power dependence and radiative lifetime
measurements with 532nm, 750nm 980 nm and 1064nm laser excitation
were used to assess the coupling of the Au optical antenna to the emitter
ions as a function of antenna shape, spacer layer thickness and spectral and
spatial mode overlap efficiency. Preliminary optical characterization
showed a 2X earlier onset of upconversion with 980nm excitation for
Yb:Er:Y,0; coupled to an Au nanorod antenna compared to pure
(uncoupled) Yb:Er:Y,O; nanoparticles. Power dependence measurements
with 980nm excitation showed a >5 slope indicating a multi-photon
absorption induced luminescence process for the Au-coupled erbium and a
<2 slope for the uncoupled erbium, indicating a two photon absorption
(expected for erbium with 980nm excitation). These optical antenna
coreshell particles have potential application in bio-imaging and light
trapping for solar and sensor applications.

3:40pm NS-MoA6 Gap-Mode Plasmonic Cavities: Engineering Light-
Matter Interactions in Metallic Structures, E.L. Hu, K.J. Russell, T.-L.
Liu, S. Cui, K. Yeung, Harvard University INVITED
Optical cavities can tightly confine light in the vicinity of optical emitters,
enhancing the interaction of light and matter. The modes or optical states of
the cavity can be precisely designed and engineered, and in recent years
there has been remarkable progress in demonstrations of ‘cavity quantum
electrodynamics (cQED)’ in solid state platforms. Such progress has been
primarily for cavities fabricated in dielectric materials, with a steady
improvement in cavity quality, with quality factors, Q, in excess of 10* —
10° realized for cavities with coupled emitters [1],[2]. These high Q-coupled
emitter systems have demonstrated heralded single photon emission [3],
ultra-low threshold lasing [4] and strong light-matter coupling [5],[6].



Metal-based optical cavities would have inherently lower Q’s (and greater
loss) than dielectrics; however, metal cavities utilizing surface plasmon
polaritons (SPPs) can have sufficiently small mode volume to produce a
substantial Q/V, the quantity relevant for high Purcell factors, a measure of
the light-matter interaction. This talk will focus on such plasmonic cavities,
with optical modes formed within the gap of the two metal layers which
defined the cavity [7]. Initial structures comprised silver (Ag) nanowires
(NW), 70 nm in diameter and 1 - 3 pum in length, placed into close
proximity to a Ag thin film substrate, with the NW axis parallel to the
substrate surface. Optically active material was interposed between the
nanowire and the Ag substrate: this comprised one to two monolayers of
PbS colloidal quantum dots, clad on top and bottom by thin dielectric layers
of varying composition and thickness. The fluorescence spectrum of PbS
quantum dots within the gap was strongly modified by the cavity mode,
with peak position in quantitative agreement with numerical calculations,
and demonstrating Q values of ~ 60.

Such plasmonic cavities allow the easy incorporation of a variety of light-
emitting active areas, and we have also explored the incorporation of
various organic, dye-containing layers within the gap-mode plasmonic
cavities. In addition these structures lend themselves to relatively simple
modifications of geometry, allowing effective funing of cavity modes, and
also control of modes through the use of photonic crystal geometries,
fabricated into metal.

The high Q/V possible for these cavities, and the range of organic and
nanocrystalline emitters they can accommodate make these important
building blocks for the exploration of light-matter interaction in the solid
state.

References

4:20pm  NS-MoA8 Direct Characterization of Surface Plasmon
Enhanced Electromagnetic Fields on Single Ag Nanostructure, W.D.
Wei, J. Wang, Y. Wang, University of Florida, G. Xiong, S. Peppernick, A.
Joly, K. Beck, W.P. Hess, Pacific Northwest National Laboratory

Using two-photon photoemission electron microscopy (2P-PEEM) we have
directly explored the optical fields on a single Ag nanostructure and
quantitatively measured the field enhancement factor (FEF). The 2PPE
intensity from the Ag nanostructure is enhanced by 2 orders of magnitude
with respect to the 2PPE intensity from a smooth and homogeneous Ag thin
film. This enhancement is attributed to a localized surface plasmon
excitation and resonance of the local field, and the FEF is determined to be
around 4. The capability of directly correlating the field enhancement with
nanostructures makes 2P-PEEM a promising tool to investigate the
fundamental optical properties of nanomaterials.

4:40pm NS-MoA9 Comparisons of Optical and Magneto-Optical
Properties between Core-Shell Fe-Ag and Co-Ag Nanoparticles based
on Localized Surface Plasmon Resonance, L. Wang, C. Clavero, K. Yang,
A. Nelson, College of William and Mary, K. Carroll, Z. Huba, E.
Carpenter, Virginia Commonwealth University, D. Gu, Applied Research
Center, R.A. Lukaszew, College of William and Mary

Magnetic transition nanoparticles (NPs) have been developed and studied
by many researchers for bio-imaging and bio-sensing applications [1,2] due
to their special optical and magneto-optical (MO) properties. Nevertheless,
it is possible to enhance the MO effects of the magnetic NPs by combining
them with other materials such as noble metals which exhibit intense
localized surface plasmon resonance (LSPR) under certain conditions[3,4].
Here, we present our investigations on LSPR enhanced MO effect in
magnetic metal core-noble metal shell NPs, such as core-shell Fe-Ag and
Co-Ag NPs. These systems present strong Faraday rotation due to LSPR,
nevertheless differences are found among them due to their different optical
properties. A blue-shift is experimentally observed in the optical and MO
spectra peaks from Fe-Ag to Co-Ag NPs with similar Ag shell
concentrations and constant NPs sizes. Also, the absorption and Faraday
rotation spectra of Fe-Ag NPs are broader than those of Co-Ag NPs. We
explain such differences by means of theoretical studies based on an
adaptation of the Maxwell-Garnet model to core shell nanoparticles yielding
an excellent agreement with the experimental results. The possibility to
understand and tune the properties of core-shell nanoparticles reported here
will have significant impact in photonic and plasmonic applications.
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This work was financed by DARPA under a grant for the development of
novel sensors for bio-defense.

[1] Gilles K. Kouassi and Joseph Irudayaraj, Anal. Chem., 2006, 78 (10), pp
3234-3241.

[2] Jae-Hyun Lee, Yong-Min Huh, Young-wook Jun, Jung-wook Seo, Jung-
tak Jang, Ho-Taek Song, Sungjun Kim, Eun-Jin Cho, Ho-Geun Yoon, Jin-
Suck Suh and Jinwoo Cheon, Nature Medicine , 2006, 13, pp 95-99.

[3] Lei Wang, Kaida Yang, Cesar Clavero, Andrew. J. Nelson, Kyler J.
Carroll, Everett E. Carpenter, and Rosa. A. Lukaszew, J. Appl. Phys., 2010,
107, 09B303.

[4] Lei Wang, Cesar Clavero, Zachary Huba, Kyler J. Carroll, Everett E.
Carpenter, Diefeng Gu and Rosa A. Lukaszew, Nano Lett.,2011, 11(3),
pp1237-1240.

5:00pm NS-MoA10 Plasmon Induced Current in Metal/Organic
Hybrid Nanostructures, D. Conklin, S. Nanayakkara, T. Park, University
of Pennsylvania, J. Stetcher, M. Therien, Duke University, D.4. Bonnell,
University of Pennsylvania

Recently we demonstrated a new mechanism of plasmon-induced electronic
transport in hybrid metal nanoparticle-molecular devices. The mecahnism
realizes enhancements of up to a factor of 200. The hybrid structures consist
of arrays of gold nanoparticles linked by (porphinato)zinc(Il) oligomers.
Here we examine the role of metal particle size, spacing, and molecular
length on the transport mechanisms. Understanding the charge transport
through the structures allows the relative roles of nano antennae field
focusing and hot electron distribution to the current enhancement to be
compared. This phenomenon offers a pathway to wide ranging control of
the opto electriconic transport properties which enables concepts of energy
harvesting, energy transduction and optoelectronic circuits.

5:20pm NS-MoA1ll Direct-bandgap Infrared Light Emission from
Tensilely Strained Germanium Nanomembranes, J.R. Sanchez-Perez,
University of Wisconsin Madison, C. Boztug, Boston University, F. Chen,
University of Wisconsin Madison, F. Sudradjat, Boston University, D.M.
Paskiewicz, R.B. Jacobson, University of Wisconsin Madison, R. Paiella,
Boston University, M.G. Lagally, University of Wisconsin Madison

Silicon, germanium, and related alloys, which provide the leading materials
platform of electronics, are extremely inefficient light emitters because of
their indirect fundamental energy bandgap. This basic materials property
has so far hindered the development of group-IV photonic active devices,
including diode lasers, thereby significantly limiting our ability to integrate
electronic and photonic functionalities at the chip level. Here we show that
Ge nanomembranes can be used to overcome this materials limitation.
Theoretical studies have predicted that tensile strain in Ge lowers the direct
energy bandgap relative to the indirect one. We demonstrate [1] that
mechanically stressed nanomembranes allow for the introduction of
sufficient biaxial tensile strain to transform Ge into a direct-bandgap,
efficient light-emitting material that can support population inversion and
therefore provide optical gain. [1] F. Chen, C. Boztug, J. R. Sanchez-Perez,
F. Sudradjat, D. M. Paskiewicz, R. B. Jacobson, M. G. Lagally, and R.
Paiella, Direct-bandgap germanium pumped above optical transparency in
tensilely strained nanomembranes, submitted. Research supported in part
by NSF and DOE

Plasma Science and Technology Division
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Multiphase (Liquid, Solid, Gas) and Biological Related
Plasmas

Moderator: A .M. Coclite, Massachusetts Institute of
Technology

2:00pm PS+BI-MoAl Atmospheric-Pressure Microplasmas for Novel
Electrochemical Applications, S.W. Lee, R.M. Sankaran, Case Western
Reserve University

Plasmas formed at sub-millimeter spatial scales operate stably and close to
non-thermally at atmospheric pressure and are a source of ions, electrons,
and other electronically excited states at ambient conditions. Overall, these
features make microplasmas suitable for novel electrochemical applications
where gas-phase species (e.g electrons) in the plasma can directly interact
with ionic aqueous electrolytes to initiate redox reactions.
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In this talk, we will present two approaches to microplasma-based
electrochemistry that we have developed for nanoparticle synthesis. In one
approach, microplasmas are formed at the surface of a liquid electrolyte and
operated similar to an electrochemical cell with the plasma as the cathode
and a solid metal immersed in the electrolyte as the anode [1]. Metal cations
in solution such as Ag+ are electrochemically reduced by the plasma to
solid metal, resulting in the formation of metal nanoparticles without any
chemical reducing agent. Alternatively, thin films of metal cations dispersed
on a polymer are electrochemically reduced by a rastered microplasma [2].
This configuration allows microscale patterns of metal nanoparticles to be
produced without the need for lithography. Recently, we have extended our
patterning method to the reduction of metallopolymers which are novel
molecular structures that can be used as a template for metal ion and metal
particle formation [3]. This strategy has enabled patterns of metal
nanoparticles to be prepared which are beyond lithographic limits. We will
discuss our experimental techniques in detail, as well as the properties of
the nanoparticles as assessed by UV-Visible absorbance spectroscopy, X-
ray diffraction, and transmission electron microscopy.

1. C. Richmonds et al., Appl. Phys. Lett. 93, 131501 (2008).
2.S. W. Lee et al., Adv. Func. Mater., doi:10.1002/adfm.201100093
3.S. W. Lee et al., in preparation.

2:20pm PS+BI-MoA2 Water Containing Non-Equilibrium
Atmospheric Pressure Plasmas, P.J. Bruggeman, Eindhoven University
of Technology, the Netherlands INVITED
During the last decade water containing non-equilibrium atmospheric
pressure plasmas have received a continuously increasing attention in view
of their potential in biomedical, environmental, chemical synthesis and
material processing applications. This evolution coincides with a strong
need for improved diagnostics to enable us to unravel the complex physics
and chemistry of water containing plasmas. Both discharges containing a
liquid water phase and only water in the vapor phase will be addressed in
this contribution.

We will give an overview of the physical and chemical properties of these
discharges. The main plasma parameters such as the electron density, gas
and electron temperature will be presented and the complications of the
interpretation of the diagnostics to obtain these plasma parameters will be
discussed. Water containing discharges produce high radical densities such
as OH, which is a key radical in several applications. Due to the often high
electron density of these discharges recombination reactions are very
important not only for radical production but also to explain the optical
emission of these discharges. Key differences between liquid water
containing discharges and more conventional gas discharges will be
discussed.

References:

P. Bruggeman and C. Leys, Non-thermal plasmas in and in contact with
liquids (topical review paper), J. Phys. D: Appl. Phys., 42 (2009) 053001

P. Bruggeman, D.C. Schram, M.A. Gonzalez, R. Rego, M.G. Kong and C.
Leys, Characterization of a direct DC-excited discharge in water by optical
emission spectroscopy, Plasma Sources Sci. Technol. 18 (2009) 025017

T. Verreycken, A. F. H. van Gessel, A. Pageau and P. Bruggeman,
Validation of gas temperature measurements by OES in an atmospheric air
glow discharge with water electrode using Rayleigh scattering, Plasma
Sources Sci.Technol. 20 (2011) 024002

P. Bruggeman, F. Iza, D. Lauwers and Y. Aranda Gonzalvo, Mass
spectrometry study of positive and negative ions in a capacitively coupled
atmospheric pressure RF excited glow discharge in He-water mixtures, J.
Phys. D: Appl. Phys. 43 (2010) 012003

3:00pm PS+BI-MoA4 Mechanism of Au Nanoparticles Formation in
Solution Plasma, M.A. Bratescu, O. Takai, N. Saito, Nagoya University,
Japan

The Solution Plasma Processing (SPP) has been developed in our laboratory
to synthesize nanoparticles and to improve surface properties of carbon
nanomaterials by decorating with different nanoparticles or binding
functional groups on the surface. The purpose of the present study is to
investigate the mechanism of the Au nanoparticles (NP) formation in the
SPP and to correlate the SPP properties with the Au NPs characteristics
(morphology, size and surface functionalization). The investigation was
conducted by changing the solution pH, using the same surfactant and
keeping the same processing parameters.

The Au NPs were synthesis in an aqueous solution of 1 mM HAuCl,-3H,O
used as precursor, ] mM hexadecyltrimethylammonium chloride (CTAC)
used as surfactant, and NaOH used to adjust the solution pH (3.2, 6.5 and
11.2). The plasma was produced by using a pulsed high voltage (HV) power
supply with the peak voltage and current of 2 kV and 1 A, respectively and
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the pulse width of about 1 ps. Plasma was characterized by optical emission
spectroscopy (OES). The OES gives information about the presence of the
relative number densities of the radicals as H, OH, O, and O, and from
these data the electron temperature and density were evaluated.

On surface, in high vacuum environment, the Au NPs were characterized by
Transmission Electron Microscopy (TEM), Secondary Ion Mass
Spectrometry Time of Flight (SIMS - ToF) and X-rays Photoelectron
Spectroscopy (XPS). In solution, as prepared, the Au NPs were
characterized by UV-visible spectroscopy and Attenuated Total Reflectance
Fourier Transform Infrared (ATR-FTIR) spectroscopy.

The size of the synthesized Au NPs depends on the initial pH of the
solution. In a low pH solution, the particle size was around 15 — 20 nm
diameter and in a solution with a higher pH value than 6, the NPs diameter
was found to be 2 — 5 nm. The negative SIMS-ToF measurements reveals
the presence of the Au,, AuCl and AuN’ ions in the solution with a pH 3
and AuO in a solution with pH 11. In a solution before plasma processing,
with a low pH value the negative ions Au,Cl" and Au;Cl,” were detected,
which can suggest an initial agglomeration of Au atoms in solution. The
binding functional groups on the Au NPs are confirmed by the XPS
analysis.

The correlation among information of the Au NPs morphology, the binding
atoms on Au surface, plasma electron temperature and density and the
formation of the Au complexes, during the Au NPs synthesis will be
presented and discussed.

3:40pm PS+BI-MoA6 Pulsed Plasma Studies of 2-chloro-p-xylene, 1.C.
Estrada-Raygoza, G. Padron-Wells, P.L.S. Thamban, L.J. Overzet, M.J.
Goeckner, University of Texas at Dallas

Chemical vapor deposited parylene-C is widely used for applications
ranging from biomedicine to microelectronics. In our work, we use 2-
chloro-p-xylene (2ClpX) as a precursor to deposit plasma polymerized
Parylene C. Here we report data aimed at determining the dissociacion
mechanisms of the 2ClpX in the plasma. Specifically that data is from: in
situ Fourier transform infrared spectroscopy (FTIR); plasma optical
emission spectroscopy (OES); and electron beam OES. The main
dissociation products are HCI, methane and acetylene. We also observe
atomic and molecular hydrogen and chlorine, HCl ion, CH and the
characteristic broad aromatic band in the 300 nm region. Both frequency
and duty cycle have a strong effect in 2ClpX dissociation. When the pulse
period is smaller than the diffusion time, the discharge behaves as continuos
wave system, independent of the duty cycle used. When the pulse period is
much larger than the diffusion time, the discharge behaves different and
very little break up of the monomer is detected. When the pulse period is
similar to the diffusion time, then the effect of duty cycle is considerable.
This work is supported in part by NSF (Grant CBET- 0922962), Verity
Instruments and CONACY T Grant 170201.

4:00pm PS+BI-MoA7 Deactivation of Lipopolysaccharide and Lipid A
by Ar/H; Inductively Coupled Plasma, E. Bartis, University of Maryland,
College Park, T.-Y. Chung, N. Ning, J.-W. Chu, D.B. Graves, University of
California, Berkeley, J. Seog, G.S. Oehrlein, University of Maryland,
College Park

Low temperature plasma (LTP) treatment of surfaces is a promising path
toward sterilization of bacteria [1]. Past works have shown plasma-induced
degradation of bacteria [2], but little knowledge exists regarding the
plasma-induced chemical modifications in biomolecules that result in
inactivation since various plasma species, e.g. ions, reactive radicals, and
UV/VUV photons may aid in inactivation. Lipopolysaccharides (LPS) are a
main component of the outer membrane of gram-negative bacteria and are
difficult to remove from surfaces by conventional methods [3]. LPS is made
up of a polysaccharide chain and lipid A and lipid A elicits an immune
response in animals [1]. Previous studies have found that adding H2to an Ar
plasma leads to a reduction of infrared bands originating from the aliphatic
chains of lipid A, namely C-Hx stretching, C-O, and amide bands [4]. This
study aims to distinguish the roles of physical sputtering, chemical attack by
H-atoms, and plasma-generated VUV. LPS-coated silicon chips were
exposed to LTP (Ar, H2, and Ar/H2 mixtures) to explore the effects of
plasma composition/ion energy on the etch rates (ER) and chemical and
optical properties of LPS. Real-time in-situ ellipsometry was used to
monitor ER and changes in the LPS film’s optical density during plasma
exposure. The real-time data showed that Ar plasmas create a dense film on
the surface that decreases in density with H2addition. The films were etched
fastest in Ar discharges mixed with ~10% H2and were slowest in pure H2.
Since previous work [4] found that adding H2to an Ar discharge enhanced
sterilization, these results may indicate that chemical modification rather
than rapid erosion may be more important for inactivation. After LTP
treatment, samples were characterized by vacuum-transfer to x-ray
photoelectron spectroscopy (XPS) to measure the chemical modifications
taking place in the LPS layer. With XPS, we measured a decrease in the



intensity of the C-C/C-H peak, which indicates that the aliphatic chains in
lipid A were removed. The N/C ratio increases approximately equally in all
discharges, which suggests that gas chemistry does not have a large impact
on amides. Complementary studies with Lipid A will be presented as well
as results of a VUV optical filter approach used to probe VUV-induced LPS
modifications in real time by in-situ ellipsometry while protecting the
material against ion bombardment.

[1]A. von Keudell et al., Plasma Process. Polym. 7, 327 (2010)
[2]H. Rauscher et al., Chem. Phys. Chem. 11, 1382 (2010)
[3]E. T. Rietschel et al., FASEB J. 8, 217 (1994)

[4]0. Kylian et al., Plasma Process. Polym. 5, 26 (2008)

4:20pm PS+BI-MoA8 Development of Plasma Treated Mn Induced
Nano-arrayed Structures in Sol-gel Derived TiO, Matrix for Biosensing
Applications, R.R. Pandey, Centre for Cellular and Molecular Biology,
India, K.K. Saini, National Physical Laboratory, India, M. Dhayal, Centre
for Cellular and Molecular Biology, India

We describe Mn doped TiO, nanomaterial-based biosensors modified by
high pressure RF plasmas for biosensor applications which activates
nanostructure matrix and greatly enhanced enzyme loading capacity for
development of high sensitivity biosensors. As a test modal, effects of
plasma treatment on a novel potentiometric urea biosensor for selective and
quantitative recognition of urea by immobilizing urease onto Ti/urease-
imprinted Mn induced TiO, film has been studied and monitoring the
potentiometric response caused by the immobilized urease/urea reaction
system was carried out. These platforms has been characterized by XRD,
XPS, FTIR, SEM, cyclic voltametry to determine the changes in structure,
surface chemistry and electron transfer characteristics of platforms after
plasma treatments and have been correlated with improved response of
biosensor.

4:40pm  PS+BI-M0oA9 Growth Promotion of Bread Yeast using
Atmospheric Pressure Dielectric Barrier Discharges, S. Kitazaki, K.
Koga, M. Shiratani, Kyushu University, Japan, N. Hayashi, Saga
University, Japan

Nonthermal atmospheric pressure plasmas have been employed for
biomedical processing applications, because they provide high density
radicals at a low gas temperature [1]. Recently, nonthermal atmospheric
pressure plasmas as well as low pressure plasmas have been employed for
growth promotion of plant cells [2,3]. In this study, we have developed a
scalable atmospheric dielectric barrier discharge (DBD) device for
biomedical processing in a large area and have applied the device to growth
promotion of bread yeast. The device consisted of 20 electrodes of a
stainless rod of 1 mm in outer diameter and 60 mm in length covered with a
ceramic tube of 2 mm in outer diameter. The electrodes were arranged
parallel with each other at a distance of 0.2 mm. The dry yeast was set at 1
mm under the electrodes. The discharge voltage and frequency were 10 kV
and 10 kHz, respectively. The plasma treatment was carried out in the air.
The treatment duration 7,, was 50, 100 and 150 s. After the treatment, yeast
was suspended in 0.5 ml yeast extract peptone dextrose (YPD) medium and
agitated with a vortex mixer. 1 pl of sample was mixed with 99 pl YPD
medium in a micro well plate and cultivated using a shaking incubator at 30
°C. To obtain growth curve of yeasts time evolution of 660 nm light
absorbance of the samples was measured with a micro plate reader. For the
control, the absorbance is almost constant until # = 15 hrs after the
beginning of the cultivation, which corresponds to the lag phase, and then it
exponentially increases with #, the exponential growth phase. For yeast with
the plasma treatment, the absorbance increases from ¢ = 0 hrs. At =10 hrs,
the maximum absorbance for 7,,= 150 s is 6.6 times as high as that for the
control. From ¢ = 10 to 15 hrs, the gradient of the absorbance becomes
gradual. After #= 15 hrs, the absorbance increases exponentially with 7. The
plasma treatment reduces the lag phase of yeast growth and enhances the
growth rate. The growth promotion tends to be enhanced with increasing 7,
from 50 to 150 s. The growth promotion, therefore, depends on the dose of
radicals produced by discharge plasmas.

[1] M. G. Kong, M. Keidar, and K. Ostrikov, J. Phys. D: Appl. Phys. 44,
174018 (2011).

[2] S. Kitazaki, D. Yamashita, H. Matsuzaki, G. Uchida, K. Koga, and M.
Shiratani, Proc. IEEE TENCON 2010, 1960 (2010).

[3] Y. Akiyoshi, A. Nakahigashi, N. Hayashi, S. Kitazaki, T. Iwao, K.
Koga, and M. Shiratani, Proc. IEEE TENCON 2010, 1957 (2010).
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5:00pm PS+BI-MoA10 Plasma Deactivation of Pyrogenic
Biomolecules: Vacuum Ultraviolet Photon and Radical Beam Effects on
Lipid A, T.-Y. Chung* N. Ning, J.-W. Chu, D.B. Graves, University of
California, Berkeley, E. Bartis, J. Seog, G.S. Oehrlein, University of
Maryland, College Park

Conventional medical instrument sterilization methods are generally
ineffective in completely removing harmful biological residues [1].
Biomolecules such as proteins and other pyrogens from bacterial residues
are particularly resistant to elevated temperature and are not easily removed
by conventional procedures [2, 3]. For example, the presence of
lipopolysaccharide (LPS) in host tissue or blood circulation could lead to a
generalized sepsis syndrome including fever, hypotension, and respiratory
dysfunction and may lead to multiple organ failure and death [4]. Low
temperature plasma is a promising technique for sterilization/deactivation of
surgical instruments or medical devices, but its effectiveness against such
targets is incompletely understood [5]. In this study using a vacuum beam
system, we chose lipid A, the major immune-stimulating region of LPS, as a
model biomolecule to study. Lipid A consists of a p-1,6-linked D-
glucosamine (GIcN) disaccharide carrying two phosphoryl groups. This
structure is attached to multiple acyl chains by ester or amide linkage [6].
After vacuum ultraviolet (VUV) photon exposure, loss of CH,/CH;, C=0
ester, and P=0O absorption peaks were observed by ex-situ transmission
Fourier transform infrared (FTIR) spectroscopy, but the C=0O amide
absorption peak was only mildly affected. Monitoring photolysis products
from lipid A films by in-situ mass spectrometry, we observed cracking
patterns similar to those of alkanes/alkenes with a carbon number ~11-13.
This result suggests that VUV photons remove phosphate groups and break
ester linkages leading to desorption of acyl chains. Endotoxicity of lipid A
is known to be primarily determined by the number and length of acyl
chains as well as the phosphorylation state and the disaccharide backbone
[6]. The present results therefore indicate that plasma-generated VUV
reduces the endotoxicity of lipid A, in support of the hypothesis of Rossi et
al. [7]. We report the effects of VUV and radical (H, O) exposures on
endotoxicity based upon chemical structural change in Lipid A. Synergism
of various beams is compared with plasma exposures and corresponding
molecular dynamic (MD) simulations.

1] R. L. Baxter et al., J. Hosp. Infect. 63, 439 (2006)

2] T. Nakata, J. Parenter. Sci. Technol. 47, 258 (1993)

3] L. Moesby et al., Eur. J. Pharm. Sci. 26, 318 (2005)

41]J. Cohen, Nature 420, 885 (2002)

51 A. von Keudell et al., Plasma Process. Polym. 7, 327 (2010)
1

6] C. Erridge, E. Bennett-Guerrero, and I. R. Poxton, Microbes Infect. 4,
837 (2002)

[71 F. Rossi et al., New J. Phys. 11, 115017 (2009)
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5:20pm PS+BI-MoAl1l Charge Transfer Reactions at the Plasma-
Liquid Interface, M. Witzke, C. Richmonds, B. Bartling, S.W. Lee, J.
Wainright, C.-C. Liu, R.M. Sankaran, Case Western Reserve University
Electrochemical reactions are normally studied at the interface of a solid
metal electrode and an aqueous ionic electrolyte. A smaller number of
experiments exist, dating back to more than 100 years ago', of plasmas
formed at the surface or inside of liquids to initiate electrochemical
reactions at the interface of a plasma electrode and a liquid electrolyte.
Despite this long history, reactions at the plasma-liquid interface remain
poorly understood. Plasmas that are formed at low pressures require liquids
with extremely low vapor pressure, limiting previous studies to ionic liquids
(i.e. molten salts)’. In addition, plasmas are characterized by a complex
environment (e.g. ions, electrons, UV, etc.) which has made it difficult to
differentiate charge-transfer reactions from other non-faradaic reactions
such as radical generation and chemical dissociation.

We have recently developed a novel microplasma source that allows a non-
thermal, atmospheric-pressure plasma to be stably formed at the surface of
aqueous ionic electrolytes®, facilitating fundamental study of charge-
transfer reactions at the plasma-liquid interface. Electron transfer reactions
between the plasma and the liquid are studied by using the well-known
ferricyanide-ferrocyanide redox couple. The electrochemical reduction of
ferricyanide is monitored by UV-vis absorbance spectroscopy and cyclic
voltammetry. We find that ferricyanide is indeed reduced by the plasma,
confirming that charge transfer reactions can occur at the plasma-liquid
interface. The rate of ferricyanide reduction is found to depend on the
discharge current, which controls the electron flux delivered to the surface
of the solution. By comparing the (discharge) current to the amount of
ferricyanide reduced, we obtain a reduction efficiency of ~1%. To address
the relatively low efficiency, we have measured the potential at the plasma-
liquid interface to determine whether the potential is high enough for water

* Coburn & Winters Student Award Finalist
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electrolysis and measured hydrogen generation by mass spectrometry. In
this talk, we will present our overall methodology and discuss these results
in detail.

1.J. Gubkin, Ann. Phys. 32, 114 (1887).

2. S. Z. El Abedin, M. Polleth, S. A. Meiss, J. Janek, and F. Endres, Green
Chemistry 9, 549 (2007).

3. C. M. Richmonds and R. M. Sankaran, Appl. Phys. Lett. 93, 131501
(2008).

4. W-H. Chiang, C. Richmonds, and R. M. Sankaran, Plasma Sources Sci.
Technol. 19, 034011 (2010).

5. F-C. Chang, C. Richmonds, and R. M. Sankaran, J. Vac. Sci. Technol. 4
28, L5 (2010).

Plasma Science and Technology Division
Room: 201 - Session PS+SE-MoA

Advanced FEOL / Gate Etching 11
Moderator: A. Kadavanich, Mattson Technology

2:00pm  PS+SE-MoAl Mechanical Analysis of the Line Edge
Roughness in the sub-20nm Line Patterns, S.W. Park, K.H. Baek,
Samsung Electronics Co., Ltd, Republic of Korea, S.H. Choi, J.S. Hong,
Lam Research Corporation, K.S. Shin, Y.G. Shin, H.G. Kang, Samsung
Electronics Co., Ltd, Republic of Korea

In this study, the deterioration of line edge roughness during plasma etching
process was analyzed to find possible control parameters. According to the
aggressive design rule shrinkage of memory devices, the physical width of
line patterns has become around 20nm. Controlling line edge and width
roughness now became one of the biggest challenges in patterning process.
Though a number of studies on this matter have done, the wiggling of line
patterns is still making the migration slower. It is well know truth that the
line edge and width roughness are mainly caused by the projection of poor
photoresist patterns. However, the recent line patterns of around 20nm
design rules experience severe wiggling added from the plasma etching
process. This study focused on this etch-induced deformation that increased
line edge roughness from the prior status. The final line edge roughness was
assumed as the sum of the wiggling projected from that of mask pattern and
the deformation during plasma process. The deformation part was explained
with the equations of the mechanical beam theory assuming several stress
sources originated from the plasma. This newly introduced approach could
suggest the direction of process modification for more robust profile against
deformation. Moreover, combining with the material properties of
commonly used materials, this approach could estimate the extent of lateral
deformation so that the ultimate size of line patterns could be expected in
the aspect of line edge roughness.

2:20pm  PS+SE-MoA2 Dependence of ArF Photoresist Polymer
Structure on Line-Edge-Roughness Formation during Plasma Etching
Processes, 7. Uesugi, A. Wada, Tohoku University, Japan, S. Maeda, K.
Kato, A. Yasuda, S. Sakuma, Mitsubishi Rayon, Japan, S. Samukawa,
Tohoku University, Japan

ArF excimer laser (193nm) lithography technique is widely used in the
fabrication of sub-50-nm devices. During plasma etching processes,
however, the activated species radiated from plasma, such as ions, radicals,
and photons, cause damages to ArF photoresist, resulting in low etching
resistance and formation of line-edge roughness (LER). To solve these
issues, we investigated the interaction between irradiated species from
plasma and polymer structure of ArF photoresist. In our previous study, we
found that improvement of stability of lactone group in side chain of ArF
photoresist realized decrease in etching rate and reduction of the surface
roughness of ArF photoresist.

In this study, to further improve the etching resistance and the surface
roughness of ArF photoresist, we proposed a new polymer structure of ArF
photoresist. Our newly developed ArF photoresist structure has acrylate
group in main chain polymer structure, while usual ArF photoresist has
methacrylate group in main chain polymer structure. We prepared silicon
wafers coated by ArF photoresists with methacrylate group and acrylate
group and etched them using chlorine plasma. As a result, these two types
of photoresists had almost same etching rates. This result suggests that main
chain structure of ArF photoresist does not affect its etching rate. On the
other hands, the surface roughness of acrylate type photoresist after etching
was drastically reduced in comparison with that of methacrylate type
photoresist. It is considered to be due to stronger bonding energy of acrylate
group than methacrylate group. From this result, it is concluded that the
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acrylate type ArF photoresist structure is very effective to suppress the
roughness formation in ArF photoresist.

2:40pm PS+SE-MoA3 193nm Photoresist Pre-Treatments Before
Plasma Transfer to Improve LWR Transfer and CD Control, E.
Pargon, CNRS-LTM, France, L. Azarnouche, ST Microelectronics, France,
M. Fouchier, K. Menguelti, O. Joubert, CNRS-LTM, France

Linewidth roughness (LWR) is today one of the main parameters that limits
our ability to shrink the transistor gate dimension down to 20nm. Indeed,
LWR needs to be controlled down to 2nm to ensure good electrical
performance of the future CMOS device, while state of the art patterning
techniques only allows 4-3 nm gate LWR at best. The major issue in
decreasing the gate LWR comes from the fact that the significant LWR of
the resist pattern printed after 193nm lithography (about 6nm measured by
CDAFM) is transferred into the gate stack materials during the subsequent
plasma etching processes. One way to minimize the final gate LWR is to
apply various pre-treatments to the resist patterns obtained right after
lithography (before any plasma pattern transfer step).

In the present study, we have used CD-SEM and CD-AFM techniques to
investigate the impact of different types of resist pre-treatments (combining
plasma exposure (HBr, Ar, H, plasmas), vacuum ultra violet (VUV) light
exposure, and annealing) on the photoresist LWR and profile. Many
characterization techniques (FTIR and Raman spectrometries, ellipsometry,
chromatography, DMA, TGA) have also been used to characterize the
physico-chemical modifications of photoresist films responsible for the
resist smoothening. We have also investigated the benefits of those resist
pre-treatments on both LWR and CD control after pattern transfer in
different stacks of materials.

We will show that all treatments generate resist chemical modifications that
lead to a decrease in resist LWR while the etch resistance is not always
improved. All treatments have in common the cleavage of the side groups
(lactone group for plasma treatment and protecting group for annealing
treatment) and a decrease of the glass transition temperature that seems to
have a direct impact on the LWR decrease. But some other mechanisms
compete according to the treatment used and its duration: main chain
scission and crosslinking, leading to some different etch resistance
improvement. Consequently even if some specific treatments (VUV light
exposure, annealing) can improve the resist LWR before transfer, the
subsequent plasma etching steps can degrade it and also induce a loss of CD
control. We will show that by combining plasma exposure and annealing
treatment the photoresist LWR could be decreased down to 2.6nm and that
this LWR could be transferred into polysilicon gate without LWR and CD
degradation.

3:00pm PS+SE-MoA4 Plasma Smoothing of Extreme Ultraviolet
Photoresist: LWR Reduction at 30nm Half Pitch, E. Altamirano-
Sanchez, A. Pret Vaglio, R. Gronheid, D. Marc, W. Boullart, IMEC,
Belgium

Over the past years a tremendous amount of effort has been put on Extreme
Ultraviolet lithography (EUVL) for printing the 16nm node. In 2010 imec’s
EUV alpha demo tool printed for the first time a 16nm node SRAM cell
using state-of-the-art EUV photoresist (PR). In order to meet the line width
roughness (LWR) requirements for the 16nm node, we have investigated
plasma smoothing techniques on 30nm half pitch lines after exposure.

In this contribution we will report our findings on EUV PR plasma
treatment (PT) using H2, Ar and HBr for LWR reduction; and subsequent,
in-situ PR encapsulation for preserving the improved LWR during
subsequent pattern transfer. Currently we are investigating the vacuum UV
role during the H2 PT using MgF2 windows. In parallel, we are
characterizing a PR resist encapsulation carried out in-situ (in the etching
chamber). The encapsulating layer is characterized through various
analytical techniques, such as: XPS, Ellipsometry, mass metrology and
TEM. These characterizations will provide understanding of how the H2
plasma improves the LWR and of how the PR encapsulation preserves the
PR pattern allowing a straight HM patterning profile.

This study was carried out on 300 mm silicon wafers with the following
patterning stack, from top to bottom: 50 nm PR/20 nm under layer (UL)/15
nm SiOC/40 nm amorphous carbon layer (ACL). The dry etching was
carried out in a ICP like reactor from Lam research (Kiyo C reactor
TCPTM)

Power spectral density (PSD) analyses have shown that Ar and HBr
plasmas do not improve the LWR of EUV PR as they do on 193i PR. Using
the correct conditions in the ICP reactor, H2 plasmas can improve LWR by
~30% without CD bias; in other words no PR reflow was detected.



After the H2 plasma treatment, the pattern was transferred into the UL using
a CH2F2/CF4/02 gas mixture. This chemistry provides on the one hand a
high PR passivation but on the other hand induces a PR pattern degradation,
which is translated into higher LWR. A novel alternative for maintaining
the improved LWR after H2 PT was to deposit in-situ (in the ICP reactor) a
silicon containing layer that encapsulates the PR and preserves the
improved LWR when the pattern is transferred into the UL, the SiOC and
the ACL.

3:40pm  PS+SE-MoA6  Controlling Line Edge Roughness for
Aggressively Scaled CMOS Devices by Reducing Organic Underlayer
Deformation, H. Miyazoe, S.U. Engelman, M. Glodde, M.A. Guillorn, M.
Brink, A. Banik, W.S. Graham, E.M. Sikorski, N.C.M. Fuller, IBM T.J.
Watson Research Center

As the feature size in CMOS technology continues to shrink, control over
line edge roughness (LER) and line width roughness (LWR) is approaching
atomic scale for the 14 nm node and beyond. When the line/space patterns
are decreased, deformation of the organic underlayer material occurs during
plasma processing, which adversely impacts pattern transfer into substrate
material to fail. We previously reported that vacuum ultraviolet (VUV)
“curing” (modification) of the organic under layer material by plasma
discharges is a promising approach to extend the process window for
obtaining high fidelity pattern structures [1]. To understand the details of
this approach in more detail, we exposed VUV light at various wavelengths
corresponding to the absorption energies of various underlayer materials by
synchrotron radiation on “unopened” and “opened” samples comprising
stacks inclusive of the underlayer material. We found that exposing
underlayers to certain absorption maxima of the patterning material
maximize the curing effect. Specifically, for the underlayer material
trademarked as NFC, absorption maxima at 155 nm had relatively large
effect, reducing LER by as much as 37%. Curing treatments on “unopened”
(post lithography) samples comprising varying underlayer materials
effectively reduced the pattern deformation, though much less effective than
on previously “opened” samples comprising the same. Similarly, chemical
and physical effects of the plasma on underlayer material deformation were
investigated. To investigate the changes based on chemical modification by
plasma, we have generally found that the non-selective pattern transfer
plasmas are better than highly selective processes to minimize the
deformation. In addition, we also noticed that the ion energy of the
discharge plays an important role in the deformation and found that the
extent of pattern deformation decreased for lower energies. In addition,
many commercially available organic underlayer materials were tested with
respect to their composition and hardness. We found that the relative
hydrogen content of the underlayer material seemed to correlate with the
deformation behavior, while little effect was seen for hardness. These initial
findings show that a close interlock between patterning materials,
lithography and plasma processes has to be executed to minimize effects
such as LER for future technology nodes.

[1]N.C.M. Fuller et al., AVS presentation (2007).

4:00pm PS+SE-MoA7 Single Digit Nano Plasma Etching, D.L. Olynick,
Lawrence Berkeley National Laboratory INVITED
One of our themes at the Molecular Foundry at LBNL is “Single-Digit
Nanofabrication” (SDN) which describes our efforts to pattern materials
with resolution, precision, and control at the sub-10 nm scale. At this scale,
we enable research and applications in areas such as nanoelectronics,
nanomagnetics, nanofluidics and plasmonics. For instance, the Molecular
Foundry’s work on graphene nanomeshes using SDN show a band gap
opening with sub-bands." However, the patterning and plasma pattern
transfer for SDN present significant challenges and the question arises,
“What are the limits?”

In this talk, I will survey nanoscale etching work from 30-3 nm to
demonstrate the challenges and opportunities for plasma nanopatterning.
High resolution patterns are made using a variety of materials and
techniques including atomic layer deposition, directed self-assembly and
electron beam and nanoimprint lithographies. Recent work with cryogenic
etching and simulation in the SDN regime will be highlighted.

1.Liang, X.; Jung, Y.-S.; Wu, S.; Ismach, A.; Olynick, D. L.; Cabrini, S.;
Bokor, J., Nano Lett 2010 10, pp 2454-2460.
This work was performed at the Molecular Foundry, Lawrence Berkeley

National Laboratory, and was supported in part by the U.S. Department of
Energy under Contract No. DE-AC02—05CH11231
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4:40pm PS+SE-MoA9 Ar and He Plasma Pretreatments of Organic
Masking Materials for Performance Improvements during Plasma
Pattern Transfer, D. Metzler, F. Weilnboeck, N. Kumar, G.S. Oehrlein,
University of Maryland, S. Engelmann, R.L. Bruce, N.C.M. Fuller, IBM
T.J. Watson Research Center

Plasma based pretreatments (curing) of organic masking materials have
been shown to offer significant potential for reduction of surface, line edge
and line width roughness during the subsequent pattern transfer process.
Since one of the underlying mechanism of roughness formation has been
reported to be a synergistic effect of energetic ion bombardment, ultraviolet
(UV) / vacuum ultraviolet (VUV) plasma radiation and increased
temperature, a possible mechanism of organic mask curing may be the
elimination of the above synergism by sequential exposures to VUV plasma
radiation followed by ion bombardment dominated plasma etching. To
examine this question, and establish the impact of pre-treatments on
roughness introduction, etch resistance and pattern transfer fidelity during
the pattern transfer process, we have studied pretreatments of 193nm PR
and other organic masking materials in Ar and He discharges with
pronounced UV/VUV emission. The impact of pretreatments and
subsequent pattern transfer processes on the organic materials were
monitored in real-time by in-situ ellipsometry. Multilayer modeling of these
data allows determination of optical material density and film thickness of
various layers, i.e. the surface layer densified by ion bombardment, the
UV/VUYV modified layer in the material bulk, and the rough surface layer.
Additionally, post plasma characterization by Fourier transform infrared
spectroscopy (FTIR) and atomic force microscopy (AFM) provides
information on bulk material modifications and surface roughness
improvements, respectively. UV/VUV  spectroscopy combined with
Langmuir probe characterization provides information on plasma
parametric dependencies of photon and ion fluxes, respectively.
Pretreatments in a He discharge reduced roughness introduction in a
CsFg/Ar pattern transfer process by ~50% (RMS=4nm) while increasing
film etch resistance by ~30% leading to only a slight increase in the total
material removal when compared to the uncured material (pattern transfer
only). Time resolved studies of this process allow detailed investigation of
distinct stages and underlying mechanisms of materials modification, such
as radiation induced changes in the materials bulk, ion crust formation at the
film surface, and surface roughness development. Correlating these
observations with post plasma characterization by AFM and FTIR allows a
mechanistic understanding of plasma based pretreatments or organic
materials and their impact on the subsequent pattern transfer process. The
dependence of improvements in masking performance on Ar and He plasma
based pretreatments and a description of the underlying mechanisms will be
presented.

5:00pm PS+SE-MoA10 Sub-32nm Node Mask Patterning for Deep
Silicon Trench Etch, J. Yarmush, H. Haga, Y. Chiba, K. Kumar, P. Biolsi,
TEL Technology Center, America, LLC, J. An, H. Hichri, B. Dirahoui, X.
Li, IBM Microelectronics, R. Wise, IBM Research

In the last several semiconductor device generations, one of the
complexities in fabricating ever smaller feature sizes and increased density,
has been the stringent requirements placed on photolithographic processes
and mask scheme formation. The use of Immersion Lithography, reduced
resist layer thicknesses and planarity requirements have driven the need for
complex multilayer-multimaterial stacks that can be utilized for subsequent
plasma Etching masks.

One requirement by manufacturers of Sub-32nm DRAM technology,
utilizing deep silicon memory cells, is an extremely high aspect ratio mask
that enables the anisotropic etch profile of the Silicon Trench. To meet both
the needs of the photolithographic processes and the high aspect ratio mask
requirements of the Silicon Trench etch, a complex Photo Resist, Silicon
Anti-reflective coating, Optical Dispersive Layer, CVD Oxide layer is used.
This deposited mask stack also sits on top of a Silicon-on-Insulator layer
that must also be etched through anisotropically.

In this paper, we describe the unique requirements of etching each film
stack in order to meet the overall physical requirements of this high aspect
ratio mask patterning etch. It also describes the process capabilities of a
commercially available Capacitively Coupled Plasma reactor that enables it
to meet these advanced complex film stack requirements.

This work was performed by the Research and Development team at TEL
Technology Center America in joint development with IBM Semiconductor
Research & Development Center.

5:20pm PS+SE-MoA1ll Quantitative Determination of the Mechanism
of Anisotropic Silicon Etching, M. Hines, M.F. Faggin, K. Bao, A. Gupta,
B. Aldinger, Cornell University

The production of atomically perfect surfaces by simple solutions is both
intrinsically fascinating and technologically important. For over half a
century scientists have known that many aqueous bases — so-called
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“anisotropic etchants” — selectively attack all silicon faces except Si{111}.
As a result, a macroscopic silicon sphere placed into one of these solutions
spontaneously transforms into a polyhedron. Twenty years ago, the surface
science community was rocked when researchers at Bell Labs showed that,
in some cases, the etched surfaces are not just smooth, they are atomically
flat and passivated by a single monolayer of H atoms. This type of highly
precise but inexpensive chemical machining is used in diverse applications
ranging from the production of ink-jet nozzles to the fabrication of
ultrasmall transistors to the cleaning and polishing of silicon wafers;
however, the chemical reactions that govern this behavior remain a source
of controversy. We resolve this controversy and give the first quantitative,
atomic-scale understanding of anisotropic etching across all silicon surface
— not just Si(111).

The reactivity of a wide variety of Si(100) surface sites towards a
prototypical anisotropic etchant, ammonium fluoride, is quantitatively
determined from measurements of the atomic-scale morphology and
chemical composition of etched surfaces. These measurements enable the
effects of chemical strain, steric hindrance, and chemical structure to be
separately determined. The high selectivity of the etchant is explained by
the strain energy released during the chemical reaction; steric hindrance
plays an important, but distinct, role. This pattern of reactivity is
inconsistent with previously postulated mechanisms of aqueous silicon
etching, which postulate insertion reactions across rigid, essentially
immobile Si-Si backbonds. Instead, we propose that cleavage of the
backbond occurs during the formation of a surface silanone which is driven
by simultaneous interadsorbate strain release. On Si(100) surfaces, this
hypothesis quantitatively explains the characteristic alternating-row etch
morphology on both flat and vicinal surfaces, the observed site-specific
reactivity, the unusual reaction kinetics, and the hydrogen termination of the
etched surface without invoking an unreasonably strained reaction
intermediate. This mechanism also explains the atomic-scale reactivity and
relative etch rates of the three principal faces of silicon, thereby giving the
first atomic-scale understanding of anisotropic silicon etching.

Surface Science Division
Room: 109 - Session SS1-MoA

Selectivity and Reactivity of Chemisorbed Species
Moderator: A.J. Gellman, Carnegiec Mellon University

2:00pm SS1-MoA1l Observation and Modeling of Chiral Modifier-
Substrate Complexes on Pt(111), B. Hammer, Aarhus University,
Denmark, V. Demers-Carpentier, P.H. McBreen, Université Laval, Quebec,
Canada INVITED
We present a combined density functional theory (DFT) and scanning
tunneling microscopy (STM) study of the complex formation between the
chiral modifier naphthylethylamine (NEA) and the model substrate
trifluoroacetophenone (TFAP) on a Pt(111) surface. The two molecules
interact via a hydrogen bond between the amine group on the NEA and the
carbonyl on the TFAP. Many different realization of the hydrogen bond
exist depending on the relative position and orientation of the two
molecules. However, only very few are observed experimentally. These are
all among the most stable structures found in DFT. The chemisorbed TFAP
is prochiral and hydrogenation of the carbonyl would lead to a chiral
product. The prochirality of TFAP when forming a complex with NEA is
regiospecific, i.e., it depends on the position at which the TFAP is
chemisorbed relative to the NEA. The origin of this regiospecificity is
discussed.

2:40pm SS1-MoA3 Enantiospecific Decomposition of Tartaric Acid on
Spherically Curved Copper Single Crystals, B. Holsclaw, P. Kondratyuk,
A. De Alwis, A. Reinicker, V. Pushkarev, A.J. Gellman, Carnegie Mellon
University

The kinetics and mechanisms of many catalytic surface reactions depend on
the atomic level structure of surfaces. Detailed study and understanding of
the influence of surface structure on a given reaction is experimentally
arduous. The space of possible surface orientations spans a two-dimensional
continuum. A detailed study of structure sensitive surface chemistry
requires preparation and study of many different single crystal substrates,
each with a different orientation. A new high-throughput methodology has
been developed based on the use of Surface Structure Spread Single
Crystals (S4C), spherically curved single crystals that expose a continuous
distribution of different crystallographic planes across their surfaces. These
S4C surfaces are being studied using surface analysis tools capable of
spatially-resolved measurements that can sample the continuous space of
surface orientations.
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Six copper S4C surfaces have been produced in-house: three low Miller
index centered surfaces, (100), (110), and (111); and three high Miller index
surfaces, (821), (861), and (432). Each surface has been chosen and
spherically curved so that the complete set of surfaces spans the entire
stereographic triangle. The surfaces have been characterized using laser
profilometry and oriented using x-ray diffraction and low energy electron
diffraction. A benefit of the S4C surfaces is that they are naturally chiral,
forming regions of either R- or S- chirality. The surface chemistry of a
chiral molecule, such as tartaric acid, on a naturally chiral surface can be
enantiospecific. Tartaric acid decomposition from copper surfaces shows
very high enantioselectivity due to its highly nonlinear surface explosion
kinetics. The nature and magnitude of the enantioselectivity of tartaric acid
decomposition across the stereographic triangle is not currently well-
understood. Copper S4C surfaces provide an opportunity to study tartaric
acid decomposition on virtually all possible copper surface structures. This
research is the first attempt to map surface enantioselectivity for any
compound across the entire stereographic triangle in high detail.

3:00pm SS1-MoA4 Reaction Pathways of Alcohols with Transition
Metal Oxides: A Comparison between WO; and MoO;, Z.J. Li, Y.K.
Kim, R.J. Rousseau, B.D. Kay, Z. Dohndlek, Pacific Northwest National
Laboratory

The reactions of C1-C4 aliphatic alcohols over cyclic (WOs); and (MoO ),
(n ranges from 3 to 6) clusters were studied experimentally and theoretically
using temperature-programmed desorption, infrared reflection-absorption
spectroscopy, and density functional theory. Three reaction channels,
dehydration, dehydrogenation, and condensation, have been identified on
(WO;); clusters while only dehydration and dehydrogenation have been
observed on (MoOs),. The desorption temperature of reaction products
decreases with increasing alkyl chain length. The lack of a condensation
channel on (MoQ3), is attributed to the lower reactivity of alcohols with
(MoO;)n as compared to (WO;); and consequently a negligible
concentration of the Mo(VI) centers coordinated with two alkoxy species
required for this reaction are formed. DFT calculations provide a detailed
explanation for the reactivity and relative selectivity among the reaction
channels and W(VI) and Mo(VI) metal centers.

This work was supported by the U.S. Department of Energy Office of Basic
Energy Sciences, Division of Chemical Sciences, Biosciences and
Geosciences, and was performed at EMSL, a national scientific user facility
sponsored by the Department of Energy’s Office of Biological and
Environmental Research located at Pacific Northwest National Laboratory
(PNNL). PNNL is operated for the U.S. DOE by Battelle Memorial Institute
under contract no. DE-AC06-76RLO 1830. Computational resources were
provided at EMSL and the National Energy Research Scientific Computing
Center at Lawrence Berkeley National Laboratory.

3:40pm SS1-MoA6 Molecular Dynamics Simulations of Oligomer Film
Stabilization through Ion-Beam Deposition, 7. Kemper, University of
Florida, D. Lee, Lawrence Livermore National Laboratory, S.R. Phillpot,
S.B. Sinnott, University of Florida

Ton-beam deposition is used to stabilize conducting oligomer films for use
in organic photovoltaic devises. The goal is to prevent structural changes
caused by chemical attack, disorder, or desorption, that are known to
degrade devise performance. The second-generation reactive empirical
bond-order (REBO) potential has been successfully applied to the
irradiation and modification of crystalline, polymer and nanostructures,
such as carbon nanotubes. In this work the atomic-level processes involved
in selective modification of oligomers for optoelectronic applications
through thermal energy particle deposition are explored to identify the
mechanisms by which different polyatomic ions and radicals assist in the
stabilization of oligomer films. In particular, oligmer films of polythiophene
are bombarded with incident H, CH,, C,H and thiophene in the
hyperthermal regime that involve incident energies of 4-50 eV. The results
of classical molecular dynamics simulations with the REBO potential are
compared to experimental findings, as well as linearly scaled density-
functional theory molecular dynamics results. This work was supported by
the NSF (CHE-0809376).

4:00pm SS1-MoA7 Structure-Reactivity Relationships in the Electron
Induced Reactions of Surface Bound Organometallics, H. Fairbrother,
S. Rosenberg, J. Wnuk, Johns Hopkins University, C. Hagen, W. vanDorp,
K. Landheer, Delft University of Technology, Netherlands

Electron beam induced deposition (EBID) is a direct-write lithographic
technique where volatile organometallic precursors are decomposed by a
focused electron beam in a low vacuum environment to create metallic
nanostructures. As a tool for nanofabrication, EBID offers an attractive and
unique combination of capabilities including high spatial resolution and the
flexibility to deposit free-standing three-dimensional structures without the
need for resist layers. However, a major limitation of EBID is that



nanostructures deposited from organometallic precursors typically possess
unacceptable levels of organic contamination. To overcome this limitation it
is crucial to develop a more detailed and fundamental understanding of how
adsorbed organometallics undergo electron stimulated decomposition.
Using a selected suite of organometallic precursors used in EBID
(CH;CpPt(CHs;);), Pt(PF;)s and W(CO)s) I will describe how a surface
science approach has been used to provide mechanistic and kinetic insights
into EBID and to identify key structure-reactivity relationships. Central to
our findings is the observation that for many organometallic precursors,
EBID is initiated by the cleavage of a single metal-ligand bond and the
release of the free ligand into the gas phase. However, subsequent electron
stimulated reactions are characterized by decomposition rather than
desorption of the residual ligands. Rationale design criteria for new
organometallics which will decompose to produce metallic nanostructures
with greater metallic purity have also been developed, such as the need to
avoid using cyclopentadienyl ligands. In related studies we have also
identified and rationalized the often significant effect that substrate
temperature exerts on the composition of EBID materials created from
organometallic precursors. Specifically, increased purity is expected for
EBID films deposited at high substrate temperatures and low electron
fluxes; the same conditions that reduce growth rates.

4:20pm SS1-MoA8 Role of Substituents in Reactivity of Isocyanates
Pre-Adsorbed on Ge(100)-2x1, K.T. Wong, S.F. Bent, Stanford University
Direct attachment of organic molecules to semiconductor surfaces offers the
ability precisely control interfacial properties through tailoring of the
organic molecule. This study focuses specifically on organic
functionalization of germanium, as the ability to control its interfacial
properties may enable devices to take advantage of its favorable electronic
properties, as compared to silicon. Past studies have shown that a number of
isocyanate-containing molecules react with the Ge(100)-2x1 surface in
ultra-high vacuum by [2+2] cycloaddition across the C=N bond of the
isocyanate. In this study, we use in situ Fourier transform infrared
spectroscopy and X-ray photoelectron spectroscopy to investigate further
reaction following [2+2] cycloaddition. Density functional theory
calculations are also used to corroborate and help understand these
experimental results. We show that phenyl isocyanate pre-adsorbed on
Ge(100)-2x1 is highly sensitive to subsequent exposure to water vapor.
Experimental evidence suggests that water reacts with the adsorbed
isocyanates to form a diphenyl urea compound, similar to what is expected
for the reaction of phenyl isocyanate and water in solution. Extending the
analogy with classic organic chemistry in solution, we find that addition of
methyl or methoxy substituents to the phenyl ring of phenyl isocyanate can
significantly decrease the adsorbed isocyanate’s reactivity towards water.
Such ability to easily tune the reactivity of an adsorbate-covered surface
using principles from organic chemistry demonstrates the flexibility of
organic functionalization and could be of importance when using organic
functionalization for various applications.

4:40pm SS1-MoA9 Investigation of Adsorbed Sodium Dodecyl Sulfate
Films Formed on Charged and Hydrophilic Surfaces, S.-H. Song, T.
Weidner, National ESCA and Surface Analysis Center for Biomedical
Problems, M.S. Wagner, The Procter & Gamble Company, D.G. Castner,
National ESCA and Surface Analysis Center for Biomedical Problems

Surfactants are important compounds used in many industrial applications,
with sodium dodecyl sulfate (SDS) being one of the most widely used
surfactants. This study uses sum frequency generation (SFG) vibrational
spectroscopy and surface plasmon resonance (SPR) sensing to investigate
the structure of SDS films formed from the adsorption of SDS onto
positively charged and hydrophilic surfaces. The surfaces studied included
CaF, as well as RF glow discharge deposited films of allylamine. The SDS
films were prepared by adsorption of SDS from water solutions ranging in
concentration from 0.067 to 20 mM. Since the water molecules above the
SDS layer interact with the films, peaks from both the SDS molecules and
water molecules were studied. SFG spectra of SDS adsorbed onto the
positively charged CaF, surface exhibits two well resolved CH; peaks at
2877 and 2942 cm’, and two OH peaks at ~3200 and ~3400 cm™. At the 0.2
mM SDS concentration on the CaF, surface the intensity of both the CH;
and OH peaks decrease to close to background levels and then increase as
the SDS concentration is raised. As the SDS solution concentration
continues to increase the CH; and OH go through a second intensity
minimum. This second intensity minimum occurs between 3-6 mM for the
CH; peaks and near 8 mM for the OH peaks. Previous studies have
suggested these SFG intensity minima are due to the neutralization of
positively charged CaF, surfaces by the anionic charged head group of SDS
(1). Since the shape and, thus, the phase of the SFG peaks are affected by
the molecular environment, fits of the SFG data were used to quantify the
orientation and alignment of the SDS layers across the wide range of SDS
solution concentration. Since SFG is sensitive to both orientational order
and the amount of material adsorbed we used SPR to determine the SDS

coverage for the different solution concentrations in order to separate the
two contributions. Combining SFG and SPR results provides a more
detailed understanding of the structure and interactions of adsorbed SDS
films.

(1) Becraft, K. A.; Moore, F. G.; Richmond, G. L. Journal of Physical
Chemistry B 2003, 107, 3675.

5:00pm SS1-MoA10 Photon Stimulated Desorption of the Sub-
Nanometer Size Clusters of Water, Methane, Ethylene, and Their
Mixtures, I. Arakawa, D. Matsumoto, S. Takekuma, R. Tamura, T. Miura,
Gakushuin University, Japan

Photon stimulated dynamics, such as desorption, dissociation, or chemical
synthesis, at the water cluster which contains organic molecules have been
studied in conjunction with the photochemistry at ice particles in cosmic
space and in the atmosphere. In our experimental study, the clusters were
prepared on the surface of a solid rare gas, which was condensed on the
copper substrate cooled by liquid helium in an ultra high vacuum chamber.
Our method has the advantage in controlling the cluster size and of high
density of specimens in comparison with a molecular beam experiment. The
clusters on the solid rare gas were excited by vacuum ultra-violet light with
a photon energy between 12 and 108 eV with a pulse width of 10 ns, which
was generated by a laser plasma light source [1]. The mass spectrum of
photo-desorbed ions was measured by a time-of-flight (TOF) method. There
are variety of species in the photo-desorbed ions from the co-adsorbed
system of water and methane; protonated water clusters, (H,0),H*, methane
clusters, (CH4)nCHk+, hetero-clusters of water and methane,
(H,0),(CH4),,CH,", and synthesized species, methanol, CH;O".

It was found that the presence of a water molecule in a cluster substantially
enhanced, or was almost essential for, the desorption of any species, even
for CH;" and CH5s', observed in the spectrum. Dissociation of the water
molecule plays a key role in the chemical reaction in the clusters. It was
also found that the desorption yield of each species showed strong
dependence on the composition and the size of the mother cluster on the
substrate, which were controlled by the amount of adsorption of water and
methane. Close and systematic investigation of their correlation has
revealed the mother cluster which yields the each desorbed ions:
(H,0)(CH,) clusters yield CH;*, CH,", (H,O)CH;", and CH;O" while
(H,0)(CH,), clusters yield CHs", (H,O)CH;", and C,H,". These specific
behaviors were also the case for the clusters of water and ethylene.

[1] T. Tachibana et al, Surf. Sci., 593, 264-268 (2005).

5:20pm SS1-MoAll Nanobonding between 2-nm B-crystobalite SiO,
on OH(1x1)Si(100) and SiOy for Monolithic Electronics by Surface
Smoothing via Wet Chemical and Spin Processing: TMAFM Study and
Modelling of Interphases, S.D. Whaley, ASU, N.X. Herbots, ASU / SiO2
NanoTech Inc. / SiO2 Associates, LLC, J.D. Bradley, SiO2 Associates LLC
/ ASU, R.J. Culbertson, M.A. Hart, D.A. Sell, Q.X. Bradley, ASU, R.L.
Rhoades, S.N. Drews, Entrepix, Inc., R.B. Bennett-Kennett, ASU
B-crystobalite nanofilms, 2-nm thick, are nucleated on OH(1x1)Si(100) via
the Herbots-Atluri (H-A) method [1,2] and form ultra-smooth, ordered,
interphases that desorb at low temperatures (T </~ 200 °C) [3] These
ordered oxide nanophases on OH (1x1)-Si(100) promote oxidation at low
temperatures in ambient, when in contact with oxygen-deficient phases of
SiO, used in electronics. They can nucleate and grow a cross-bonding
interphase between two substrates and achieve “nanobonding” [4] between
various combinations Si and silica.

Nanobonding means forming cross-bonding molecules which condense into
a continuous macroscopic bonding interphase between 2 smooth surfaces
put into mechanical contact. For this to occur, the surfaces need to exhibit
wide flat atomic terraces (width >/10 nm), low atomic step density (< 500
steps/um across atomic terraces direction) and very low particulate density
(less than 1/100 um2). This contrasts with the typical density of surface
steps ( ~ 500 steps/um a.a.t.d.) and particulate density >/~0.1 -1 pm™ in as
received wafers or post-processing. A surface step density > 500 step/um
a.a.t.d, typically found on Si(100) with miscuts < 0.025° and particulates
densities > 0.1 um-2 particulates results in 3-dimensional isolated bonding
points of contacts as opposed to more uniform, 2-dimensional interphases
that grow laterally as well as across is shown to occur in nanobonding. Wet
chemical processing and SEZ spin technology are compared and combined
to smmoth susbtrates via the H-A chemistry [1,2] via Tapping Mode
Atomic Force Microscopy, before and after nanobonding. Our results show
nanobonding can result in bonding strength larger than 10 MPa/cm2 as
measured by mechanical bond pull tests. Wafers fracture within the bulk of
both Si and silicate substrates rather than interfacial delamination.

[1] US Patent 6,613,677, issued 9/2/03 "Long range ordered
semiconductor interface phase and oxides." 6,613,677, Herbots, N;
Atluri, V. P.; Bradley J.D.; Swati, Banerjee; Hurst, Q.B.; Xiang, J.
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[2] US patent 7,851,365 issued 12/14/10, "Methods for preparing
semiconductor substrates & interfacial oxides there on” Herbots N., Bradley
J.D., Shaw J.M. , Culbertson and Atluri V.P.

[3] Patent Filed: 4/30/09, “Low Temperature Wafer Bonding and for
Nucleating Bonding Nanophases. N. Herbots, R. J. Culbertson, J.D.
Bradley, M. A. Hart, D. A. Sell and S. D. Whaley

[4] N. Herbots, Q. Xing, M. Hart, J. D. Bradley, D. A. Sell, R. J.
Culbertson, Barry J. Wilkens; "IBMM of OH Adsorbates and Interphases
on Si-based Materials". Nucl. Instr. and Meth. in Phys. Res., B. IBMM 17"
International Conference Proceeds (Aug, 2010), accepted
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2:00pm SS2-MoA1l Self-assembled Chains of 4,4’-azopyridine on
Cu(100) Stabilized by Metal-Organic Coordination Interactions, H.
Lim, S.L. Tait, Indiana University

Understanding self-assembled molecular architectures at surfaces 1is
essential to control and tune low-dimensional nanometer-scale organic
structures. 4,4’-azopyridine (APY) has been vapor deposited on the clean
Cu(100) surface in ultra-high vacuum and investigated using scanning
tunneling microscopy and X-ray photoelectron spectroscopy. APY is
chosen as a model building block for metal-organic frameworks, and for its
conformational switching by the photoactive azo bridge. At low coverage,
APY self-assembles into highly-ordered one-dimensional chains oriented
along the low symmetry directions of the surface, many of which grow from
the Cu step edges and some of which form tee junctions with other chains.
Careful analysis of high resolution STM images points to pyridyl-Cu
interactions being responsible for the high chain stability at room
temperature. The related molecule, azobenzene, forms 1D chains on
Au(111), but these grow side-to-side by hydrogen bonding at the azo bridge
nitrogens and are only observed at cryogenic temperatures [1]. At higher
coverages, APY chains align in a parallel fashion to form 2D islands, which
increase in size with annealing.

[1] A. Kirakosian, M. J. Comstock, J. Cho, M. F. Crommie, Phys. Rev. B
71, 113409 (2005).

2:20pm SS2-MoA2 Molecular Self-assembly of Terephthalic Acid and
Sodium Chloride on the Cu(100) Surface, D. Skomski, S. Abb, S.L. Tait,
Indiana University

To expand the catalogue of available interactions for the efficient self-
assembly of highly-ordered nanoscale structures, we have investigated the
formation of new supramolecular networks of terephthalic acid (TPA) and
sodium chloride (NaCl) on the copper (100) surface. The mixture of this
organic species with salt is prepared by vapor deposition in an ultra-high
vacuum system and represents a model system for ionic self-assembly in
two-dimensions. Several structures have been observed by means of
scanning tunneling microscopy molecular resolution imaging. Chemical
shifts in the sodium 1s photoelectron peak have been observed by X-ray
photoelectron spectroscopy upon addition of TPA to the surface, confirming
a direct interaction. Our research indicates that TPA and sodium produce
new structures due to favorable ionic interactions between sodium cations
and the negatively charged carboxylate groups in TPA’s deprotonated form.
Interactions with the metal surface and organic molecules appear to be
sufficient to break the ionic bonds of the NaCl lattice. The formation of new
TPA-Na structures illustrates the interplay between adsorbate-substrate and
ionic interactions and opens new possibilities for ionic self-assemblies at
surfaces with highly ordered structure and specific chemical function.

2:40pm SS2-MoA3 Characterization of Azulene-Based Self-Assembled
Monolayer Films, C.L. Berrie, M. Barybin, B. Neal, A. Dela Rosa,
University of Kansas

Azulene has been predicted to have attractive electronic properties for
potential use in molecular electronics applications. However, examples of
self-assembled monolayers (SAM) of azulene-based molecules are rare.
Characterization of a variety of azulene based SAM films has been carried
out using ellipsometry, contact angle, FTIR, and AFM. The role of the
functional linker group on the structural properties of the film as well as the
electronic properties has been investigated. In addition, the interactions with
gold surfaces of azulene-based molecules with different functional groups
has been studied. Specifically, the competition between isocyanoazulenes
and mercaptoazulenes for binding at the Au(111) surface has been
examined.
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3:00pm SS2-MoA4 Formation of Closed Shell Quantum Dots as a
Driving Force for Molecular Ordering, L. Bartels, J. Wyrick, Z. Cheng,
D. Sun, D. Kim, University of California, Riverside, 7T.L. Einstein,
University of Maryland

Anthraquinone self-assembles on Cu(111) into a giant honeycomb network
with exactly three molecules on each side. Here we propose that the
exceptional degree of order achieved in this system can be explained as a
consequence of the confinement of substrate electrons in the pores, with the
pore size tailored so