Sunday Afternoon, November 6, 2022

Biomaterials Plenary Session & Flash Poster Session
Room 318 - Session BP-SuA

Biomaterials Plenary Session: Programmable Biologic

Materials (ALL-INVITED SESSION)
Moderators: Caitlin Howell, University of Maine, Markus Valtiner, Vienna
University of Technology, Austria

4:20pm BP-SuA-5 Enhancing the Programmability of Engineered
Extracellular Matrices with Sequence Specific Peptoids, Adrianne M.
Rosales, The University of Texas at Austin INVITED
Hydrogel substrates have garnered intense interest as engineered
extracellular matrices due to their tailorable mechanics and degradability.
These substrates can be composed of naturally derived materials (e.g.,
collagen) or synthetic materials (e.g., poly(ethylene glycol). Synthetic
materials are attractive due to their known chemical compositions and
scalability, but the challenge with their use lies in the lack of complexity as
compared to biological systems, especially with regard to sequence-specific
bioactivity. Hence, our work aims to enhance the programmability of
synthetic hydrogel biomaterials by using precise polymer architectures,
specifically with a class of materials called peptoids. Here, we describe our
efforts to control two key properties of hydrogel substrates with peptoid
functionality: 1) bulk mechanics and 2) enzymatic degradability. Tailoring
these features is essential for regulating the interface of hydrogel
substrates with adhered cells for efficacious cell manufacturing and tissue
engineering platforms.

Drawing inspiration from semiflexible biopolymers, we achieved control
over the mechanics of hydrogel substrates by controlling chain structure
with peptoid cross-linker sequence. Specifically, helical peptoids increased
the shear moduli of hydrogels due to increased chain stiffness as compared
to non-helical peptoids, while keeping all other hydrogel parameters fixed.
This strategy decoupled bulk mechanics of the substrate from the network
connectivity, allowing for investigation of mechanical effects on adhered
mesenchymal stromal cell (MSC) behavior. We found that MSCs adhered
on soft substrates secreted higher levels of indoleamine 2,3-dioxygenase
(IDO), an immunomodulatory enzyme necessary for enhanced cell
performance. Furthermore, we examined the ability of peptoids to tune
hydrogel degradability via proteolysis. We substituted peptoids into key
sites of proteolytically degradable substrates, enabling a tailored material
response to matrix metalloproteinases secreted by cells. Overall, our
results suggest that sequence control of synthetic peptoids may provide
effective strategies for expanding the functionality of biomaterial scaffolds
for tissue engineering and regenerative medicine, particularly with respect
to mechanics and degradation in complex biological environments.

5:00pm BP-SuA-7 New Biomaterials and Bio-inspired Materials from
Polyelectrolyte Complexation, M. Tirrell, University of Chicago; Yun Fang,
The University of Chicago INVITED
Nature exploits all available covalent and non-covalent interactions for
unparalleled spatiotemporal control over hierarchical length scales of
macromolecular and supramolecular structure. The complex interplay of
electrostatic and other non-covalent interactions of charged
macromolecules still poses many open questions that will require broad
collaboration among the life and physical sciences, as well as input from
the engineering disciplines to drive toward new solid-state structures and
useful materials. Scientific questions related to the physics of electrostatic
self-assembly and to its role in biology will be discussed. Recent advances
in understanding and biomedical applications of polyelectrolyte complex
micelles will be presented.

5:40pm BP-SuA-9 BID Flash Poster Session: Oral Presentations,
5:40. BI-TuP-2 - Hannah Omeoka

5:43: BI-TuP-8 - Juhi Jaiswal

5:46: BI-TuP-12 - Ainslie Allen

5:49: BI-TuP-6 Shahidul Alam Mohammad

Sunday Afternoon, November 6, 2022

Nanoscale Science and Technology Plenary Session
Room 304 - Session NSP-SuA

Nanoscale Science and Technology Plenary Session (ALL-
INVITED SESSION)

Moderator: David Czaplewski, Argonne National Laboratory

3:00pm NSP-SuA-1 Adventures in Nanofabrication and Manufacturing,
from Electron-Beam Lithography to DNA: Science, Technology, and
Lessons Learned, James Liddle, National Institute of Standards and
Technology (NIST) INVITED
Over the past three decades, our ability to manipulate and control matter
at the nanoscale has advanced dramatically, with investments and progress
driven by both the demands of the semiconductor industry and by the
potential for nanotechnology to deliver powerful new capabilities in areas
as diverse as medicine and energy.While we now have a myriad of
nanofabrication techniques at our disposal, determining when and how to
implement them in manufacturing is one of the most complex and
daunting challenges encountered in research and development.In this talk,
I will illustrate the tortuous (and torturous) path from nanofabrication
concept to nanomanufacturing implementation through two examples —
electron-beam lithography and nucleic acid nanofabrication — taking full
advantage of the clarity of vision afforded by hindsight.In both cases, much
of the original motivation for research and development came from the
desire to solve the perceived problem that, in microelectronic
manufacturing, ever-diminishing feature sizes would collide with the
physical limitations of the incumbent technology — optical lithography —
leading to an abrupt end to Moore’s Law.As the continued dominance of
optical lithography, and its successor, EUV, attest, this analysis was
flawed.As | will show, the inability to formulate the correct problem
statement, albeit in the context of a rapidly evolving technological
environment, led to a number of false starts and dead ends.However, over
the course of time, a lot of time, the application areas for which these two
technologies are well-suited has come into focus, and much of the
knowledge gathered during the course of a stochastic exploration of
possible application areas has turned out to be critical in maturing them to
the point of manufacturing readiness.Ultimately, the lessons to be learned
are that predicting the trajectory of a new technology is not for the faint of
heart, and bringing one to market requires constant critical examination of
the problem being solved in the context of the competitive landscape, the
flexibility to change direction, and unwavering persistence.

3:00 PM
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2D Materials Technical Group
Room 303 - Session 2D+EM-MoM

2D Materials:

Properties
Moderator: Sarah Haigh, University of Manchester, UK

Electronic, Mechanical, and Optical

8:20am 2D+EM-MoM-1 Scanning Tunneling Spectroscopy of 2d Electronic
Materials — from Monolayers to Complex Heterostructures, Chih-Kang
(Ken) Shih, Department of Physics, The University of Texas at Austin

INVITED
Atomically thin, single-crystalline 2D electronic materials have recently
emerged, offering a remarkably wide range of building blocks of
nanostructures, ranging from metals (e.g. graphene), large gap insulators
(BN), to semiconductors (transition metal dichalcogenides and black
phosphorous). One key advantage of these van der Waals materials lies in
the flexibility of stacking different types of materials to form
heterostructures, providing a design platform for achieving novel device
functionality.With the ability to probe electronic structures with atomic
resolution, scanning tunneling microscopy/spectroscopy (STM/S) has
played a crucial role in advancing our understanding of the electronic
structures of 2D electronic materials and their heterostructures.

In this talk, | will present a comprehensive combination of different modes
of scanning tunneling spectroscopy beyond the conventional constant
height tunneling spectroscopy.l will use a few examples to show how such
comprehensive investigations provide an in-depth understanding of the
electronic  structure evolutions from monolayer to complex
heterostructures (including moire superlattices and beyond).

9:00am 2D+EM-MoM-3 Strain and Charge-Transfer at the Device Relevant
Interface Between Single Layer MoS: and Gold: In-Situ Raman Study,
Stephanie Lough, J. Thompson, University of Central Florida; R. Rao, Air
Force Research Laboratory; M. Ishigami, University of Central Florida
Next-generation technology nodes will reach the sub-nanometer range via
the introduction of ultra-thin and short-channel devices. Traditional
semiconductors such as silicon (Si) suffer from device-degrading effects
such as roughness-induced scattering or short-channel effects at this size
scale. Two-dimensional transition metal dichalcogenides (2D TMDs) do not
suffer from these effects. Therefore, they could be candidate materials for
the next-generation nodes. Single-layer molybdenum disulfide (SL-MoS)
devices exhibit carrier mobilities exceeding that of Si-based devices with
similar thicknesses, but suffer from high contact resistance, reducing their
utility in device technologies. Our previous results show that the physics at
the interface between SL-MoS; and gold (Au) is complex and that thermal
annealing (TA) under certain conditions could lead to lowered contact
resistance by direct chemical hybridization and/or doping.

We performed detailed in situ Raman spectroscopy of exfoliated SL-MoS;
on Au during and after annealing at temperatures ranging from room
temperature (RT) to 300 °C in Ar. This revealed doping and mechanical
strain induced in the SL-MoS: by the underlying Au layer. Using peak
deconvolution, we identify the presence of two sub-peaks comprising each
of the well-known MoS; fingerprint peaks (A1 and Ez), consistent with
previous studies. The ratio of intensities and relative shifting of the sub-
peaks indicates a strong interaction between the MoS. and the Au layer,
which could be due to hybridization between the MoS,/Au. The well-
known Si peak at 520 cm* diminished as the temperature was increased. As
such, we conclude that the MoS: delaminated from the Au layer at
elevated temperatures. The coupling between the Au and MoS: was
reestablished upon cooling to RT after annealing as indicated by the
reappearance of the Si peak. Further, as the MoS; was annealed at
progressively higher temperatures, it became increasingly electron-doped
by the Au with the strain remaining constant at 1% in tension.

Our data shows that TA and cooling of the interface between SL-MoS; and
Au produces stronger coupling, suggesting an increased level of
hybridization between the MoS,/Au. The hybridization results in a nearly
charge-neutral MoS:-Au heterostructure, indicating that TA could be a path
toward achieving intrinsic contacts for device applications. Finally, the
strain between these surfaces remains unchanged upon annealing,
implying that annealing promotes stronger coupling between SL-MoS,/Au,
without increasing strain. Thus, annealing presents an ideal route towards
generating charge-neutral MoS,/Au contacts with minimal interfacial
strain.
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9:40am 2D+EM-MoM-5 Optical and Electrical Investigation into HfS;
Oxidation Mechanisms, . Chirca, A. Almutairi, Stephan Hofmann,
University of Cambridge, UK

2D layered materials are emerging as potential candidates for energy-
efficient conventional devices, as well as new memristive and
neuromorphic device architectures. The focus to date has been on new
semiconductor materials, particularly transition metal dichalcogenides
(TMDs). Yet, feasible technology, especially in the optoelectronics field,
relies on clean interfacing, particularly to a suitable dielectric. HfS is one of
the few materials that offer a native oxide conversion pathway, previously
demonstrated in various experimental set-ups. Here we explore the oxide
formation kinetics on HfS; layers and the achievable interface quality in
HfS,/HfOx devices.

To accomplish this, we employ several HfS; oxidation methods, from
thermal to plasma and pulsed water vapour exposure, and compare the
electrical switching behaviour of MIM and MIS device structures while
characterizing their dielectric properties via spectroscopic ellipsometry. The
oxidative behaviour of HfS; and the buried HfS;/HfOx interface are
observed optically using a combination of reflectance spectra and
ellipsometric modelling. In order to determine the viability of such an
approach for device fabrication, the natively grown HfOx is benchmarked
against ALD grown hafnia.

Thus, our study is a step towards finer control of interface quality in
HfS»/HfO, devices through calibration of the native oxidation pathway.

10:40am 2D+EM-MoM-8 Electrical Characterization of B-InzSes Thin Films
Synthesized via Molecular Beam Epitaxy, Cooper Voigt, Georgia Institute
of Technology, USA; B. Wagner, Georgia Tech Research Institute; E. Vogel,
Georgia Institute of Technology, USA

B-In2Ses is a two-dimensional semiconductor that has long been believed to
have a centrosymmetric crystal structure. a-In.Ses. is a closely related, two-
dimensional, ferroelectric semiconductor [1,2] and has shown promise in
low-power, neuromorphic electronic devices [3,4] and transistors [5]. Much
work has been devoted to exploring the performance of a-In;Ses in
electronic devices due its unique combination of properties; however
large-area thin-film synthesis of a-In.Ses has not been established. Since
2018 there have been reports of polarization in a B’-In.Ses phase arising
from displacements of the center layer selenium atoms [6-8]; however,
these studies have not included any fabrication and characterization of
electronic devices. One study from 2018 claims deposition of large-area,
ferroelectric In,Ses. -thin-films via MBE; however, it is difficult to distinguish
the o from B phase by the Raman spectra and TEM micrographs provided.
Earlier this year, ferroelectric behavior was reported in transistors
fabricated from metal-organic chemical vapor deposition (MOCVD) B-In.Ses
[9]. If B-In2Ses does truly exhibit ferroelectric ordering, it would be a very
promising material for low-power transistors and neuromorphic electronic
devices.

In this study, we demonstrate molecular beam epitaxy (MBE) synthesis of
B-InaSes thin-films and electrical characterization of B-In2Ses transistors. We
link processing parameters such as synthesis substrate temperature, and
Se/ In flux ratio to resulting B-In,Ses electrical properties and device
performance.

[1]M. KUpers, et. al., Inorg. Chem. 57, 11775 (2018).
[2]J. Xiao, et. al.,Phys. Rev. Lett. 120, 227601 (2018).
[3]B. Tang, et. al., ACS Appl. Mater. Interfaces 12, 24920 (2020).
[4]L. Wang, et. al., Adv. Funct. Mater. 29, 1 (2019).
[5]M. Si, et. al., Nat. Electron. 2, 580 (2019).

[6]S. Li, et. al., Sci. Adv. 4, eaar7720 (2018).

[7]F. Zhang, et. al., ACS Nano 13, 7, 8004-8011 (2019).
[8]Z. Zhang, et. al., Adv. Mater. 34, (2022).

[9]S. Lee, et. al., 2D Mater. 9, 025023 (2022).

[9]S. M. Poh, et. al., Nano Lett. 18, 6340 (2018).

[10]S. Lee, et. al., 2D Mater. 9, 025023 (2022).
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11:00am 2D+EM-MoM-9 Mechanics of Pristine and Pyrolysed Carbon
Nanomembranes (CNMs), André Beyer, F. Paneff, X. Zhang, A. Gélzhduser,
Bielefeld University, Germany

The discovery of graphene has triggered a great interest in inorganic as well
as molecular two-dimensional (2D) materials. Over the last years, a
remarkable progress in the mechanical characterization of free-standing 2D
materials was achieved [1]. In this contribution, we compare mechanical
characterization of membranes by means of bulge tests and
nanoindentation experiments. The bulge test was found to be a reliable
method, which is suited for any kind of membrane. Nanoindentation was
found to be suited for a number of membrane types while others entail a
high risk of rupturing. With these two methods, a number of different
pristine and pyrolysed carbon nanomembranes (CNMs) were examined.
CNMs form by irradiation induced cross-linking of molecular layers e.g. self-
assembled monolayers of terphenylthiol (TPT) molecules. Cross-linking
between adjacent molecules was induced by low energy electron exposure.
Pyrolysis of CNMs is known to yield nanocrystalline graphene, which is in
agreement with the observed stiffening of the membranes. Part of this
contribution will be devoted to a comparison of different approaches to
analyse pressure-deflection measurement data of bulge tests. A sum of the
limits approach is suggested as most precise method that employs an
analytic pressure-deflection expression for determining the mechanical
properties.

[1] X. Zhang and A. Beyer, Nanoscale 13, 1443 (2021).

11:20am 2D+EM-MoM-10 Interplay between Electronic, Magnetic and
Mechanical Properties in 2D Crystals, Young-Woo Son, Korea Institute for
Advanced Study, Republic of Korea INVITED
In this talk, | will discuss unique aspects of two-dimensional crystals that
show intertwined nature between electronic, magnetic, optical properties
and structural distortions. First, when a transition metal dichalcogenide
(TMD) overlay another TMD forming moire superlattices, the softer one
deforms itself to conform the mismatched lattices between them so that
the unique whirlpool shaped lattice distortions occur [1]. | will show our
recent theoretical and computational study shown that the pair of torsional
distortions with the opposite chirality introduce characteristic fuzziness in
Raman spectroscopy and interesting excitonic signatures irrespective twist
angles. agreeing with experiments very well [1]. Second, a newly
synthesized 2D carbon allotrope by linking biphenylene molecules is shown
to host interesting type Il Weyl fermions together with a possible magnetic
orderings [2]. With external mechanical perturbations, our first-principles
calculations including self-consistent extended Hubbard interactions reveal
the anomalous Lifshitz transition of pair annihilations with merging onto
zone-center saddle point.

[1] J. Kim, E. Ko et al., Nat. Mater. (2022). https://doi.org/10.1038/s41563-
022-01240-2

[2] Y.-W. Son et al., Nano Lett.22, 3112 (2022).

Atomic Scale Processing Focus Topic
Room 317 - Session AP+2D+AS+EM+PS+SS+TF-MoM

Area Selective Processing and Patterning
Moderators: Eric A. Joseph, IBM Research Division, T.J. Watson Research
Center, Adrie Mackus, Eindhoven University, Netherlands

8:20am AP+2D+AS+EM+PS+SS+TF-MoM-1 Imperfectly Perfect Materials
and/or Processes as a Route for ASD, Christophe Vallee, SUNY POLY,
Albany; M. Bonvalot, M. Jaffal, T. Yeghoyan, University Grenoble Alpes,
LTM, CNRS, France; N. Posseme, R. Gassilloud, T. Chevolleau, CEA/LETI-
University Grenoble Alpes, France INVITED
In recent years, many strategies have been presented to selectively deposit
a material on a specific surface (area selective deposition), or space
direction (topographically selective deposition). Whatever the selective
process developed to this end (inherent delay, surface inhibition, surface
activation, super-cycles...), it is expected that a perfect material is perfectly
deposited on the surface at stake. However, this most often implies that
some imperfect material is thereby deposited on surfaces where no growth
is expected. Taking this logic a little further ahead, we can even imagine
that it may not be at all necessary to develop perfect ALD processes to
achieve ALD-based selective deposits.

In this presentation, we will show how imperfect ALD processes can be
developed by working out of the ideal precursor ALD window or regime, to
adequately lead to ASD processes. We will also show that the requirements
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of an ideal growth inhibition of no-growth surfaces can be successfully
circumvented for ASD processes. Indeed, the simultaneous deposition of a
same material on two differing substrates can lead to inherent
discrepancies in the materials quality, that can be advantageously taken
into consideration in the development of a localized bottom-up growth
strategies by adding a selective etching step.

9:00am AP+2D+AS+EM+PS+SS+TF-MoM-3 Area Selective Deposition on
EUV Photoresist, Rosanna Robert, SUNY College of Nanoscale Science and
Engineering; H. Frost, K. Lutker-Lee, TEL Technology Center, America, LLC,
USA; C. Vallée, SUNY College of Nanoscale Science and Engineering

Area selective deposition (ASD) is a key process required for the next
generation of nanotechnology. ASD utilizes surface chemistry and reaction
modifications to promote growth on one of two different materials. When
applying an ASD process to a patterned wafer with both materials exposed,
we can selectively grow a film on one surface while blocking growth on the
other surface (known as the nongrowth area). One application for ASD is
ultra-thin extreme ultraviolet (EUV) photoresist repair to enable continued
pitch scaling in the Back End of Linel. Pattern transfer fidelity depends on
initial line edge roughness (LER) and line width roughness (LWR) values of
the EUV resist. Moreover, local critical dimension uniformity (LCDU) for <30
nm critical dimension hole patterning also varies with the initial resist
thickness?. In this project, we propose to develop an ASD on EUV resists
before or alternatively during an etch process to improve LCDU and
LER/LWR; in this case, the ASD is used as a corrective step.

To develop an ASD process that is relevant to device manufacturing, we
only consider the gases present on a plasma etch chamber as precursors
for ASD. We utilize the plasma assistance of the etch chamber to develop
an ASD process by Plasma enhanced chemical vapor deposition, rather
than by the more commonly exploited atomic layer deposition. This is more
challenging since radicals from precursor dissociation are known to be
highly reactive on the surface. However, it was recently demonstrated the
selective PECVD of a silicon film on SiON surfaces using SiF4/H2 plasma3.

In this presentation, we will demonstrate ASD by PECVD on SnOx (a EUV
resist material) vs SiO-based materials (underlayer) in a 300 mm plasma
etch tool, and the impact of plasma precursors and parameters on
selectivity. We will show that we can selectively deposit film on SnOx.
Results on full wafers and patterned samples will be presented. Thanks to
the use of an in-situ plasma diagnostic, such as optical emission
spectroscopy, as well as of ex-situ surface diagnostics such as X-ray
photoelectron spectroscopy and scanning electron microscopy, we will
discuss the mechanisms inherent to the selective growth and discuss the
impact of chemistry of neighboring materials and pattern density.

1 J.Church, “Plasma based ASD for EUV resist defectivity reduction and
process window Improvement” AVS (2021) Nov 2020

2 B. Vincent et al, Proc. SPIE 11323, “Extreme Ultraviolet (EUV) Lithography
X1,71132326 (23 Mar 2020)

3 G. Akiki et al, “Origin of area selective plasma enhanced chemical vapor
deposition of microcrystalline silicon,” J. Vac. Sci Technol.A 39 (2021)
013201

9:20am AP+2D+AS+EM+PS+SS+TF-MoM-4 Impact of Post-Exposure
Treatments on TMSDMA-Passivated SiO. Surfaces, Anthony Valenti, C.
Vallée, C. Ventrice, SUNY Polytechnic Institute, Albany; K. Tapily, K. Yu, S.
Consiglio, C. Wajda, R. Clark, G. Leusink, TEL Technology Center, America,
LLC

As the scale of semiconductor devices continues to shrink, conventional
approaches to fabrication such as photolithographic patterning are
becoming limited in their ability to provide the precision and resolution
required for smaller and smaller features. Over the last several years, a
bottom-up and self-aligned patterning technique known as area-selective
deposition (ASD) has been explored. With this technique, the deposition
process is manipulated in such a way as to only promote growth on one
type of surface on a patterned substrate. This is typically achieved by
inhibiting specific surfaces through the selective chemisorption of
molecules that are inert to the reactants used for growth of the material of
interest. Aminosilane precursors such as N-(trimethylsilyl)dimethylamine
(TMSDMA) are of recent interest due to their potential use in area-selective
atomic layer deposition (AS-ALD). With their strong selective chemisorption
on SiO; surfaces versus Si and non-oxidized metal surfaces, these
precursors can be used to block deposition of metals on SiO2 while not
inhibiting growth on Si or metal surfaces. For aminosilanes to be used as
inhibiting precursors in AS-ALD, the resulting layer must maintain its
passivation throughout a dozen or more ALD cycles. This study investigates
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the impact of various common ALD co-reactant/post-exposure treatments
on SiO; surfaces passivated via exposure to TMSDMA, including ozone
exposure, Hz plasma treatment, and Hz plasma treatment followed by H.O
vapor exposure. This project also explores using a second inhibitor dosing
via NF3 plasma treatment in order to fluorinate any nucleation sites left
vacant on the SiO; surface after TMSDMA exposure. These treatments
were conducted on samples of TMSDMA adsorbed on Si(100) substrates
with 1000 A thick thermal oxide surfaces. Water contact angle
measurements were taken of each sample to determine relative surface
passivation of each sample and to monitor temporal degradation of the
surfaces over a timescale spanning weeks. Angle-resolved X-ray
photoelectron spectroscopy and attenuated total reflection/Fourier
transform infrared spectroscopy were performed in order to determine the
chemical state of each surface. Temperature programmed desorption
measurements were conducted to assess the relative coverage of the
inhibiting film on each sample and their stability at higher temperatures.

9:40am AP+2D+AS+EM+PS+SS+TF-MoM-5 Area-Selective ALD Using Small
Molecule Inhibitors of Different Sizes: Single and Sequential Inhibitor
Dosing, Pengmei Yu, M. Merkx, |. Tezsevin, Eindhoven University of
Technology, Netherlands; P. Lemaire, D. Hausmann, Lam Research Corp.; T.
Sandoval, Federico Santa Maria Technical University, Chile; W. Kessels, A.
Mackus, Eindhoven University of Technology, Netherlands

Due to the continuous scaling of semiconductor device features, area-
selective atomic layer deposition (ALD) is gaining attention for enabling
bottom-up fabrication with atomic-scale control. Area-selective ALD can be
achieved by surface deactivation of the non-growth area using inhibitor
molecules. Small molecule inhibitors (SMis) are of great interest due to the
vapor-phase application and corresponding industrial compatibility.[1] Our
previous work established that SMIs block precursor adsorption by a
combination of chemical passivation of surface sites and steric shielding.[2]
In this contribution, we compared three SMIs of different sizes for SiO,
inhibition on the Al,Os surface, namely acetic acid (HAc), acetylacetone
(Hacac), and 2,2,6,6-tetramethyl-3,5-heptanedione (Hthd), and explored
sequential dosing of two different SMis to increase the overall inhibitor
packing.

We first focused on the use of a single SMI and studied how the size
influences their performance. By in-situ spectroscopic ellipsometry and
infrared spectroscopy studies, it is observed that using either a smaller
(HAc) or a larger (Hthd) SMI than Hacac[3] could improve SiO, ALD
inhibition. Density functional theory and random sequential adsorption
simulations were performed to further understand experimental findings.
We found that although both steric shielding and chemical passivation are
required for effective precursor blocking by SMls, neither of them plays a
dominating role. As compared to Hacac, HAc performs better due to its
small size, yielding denser packing and thereby a higher degree of chemical
passivation. Hthd on the other hand, benefits from its bulkiness, resulting
in a higher contribution from steric shielding.

In an effort to achieve a higher selectivity, we explored whether
sequentially dosing of two different SMIs can lead to higher surface
coverage and deactivation. It is found that enhanced precursor blocking of
98.4 £ 0.2 % could be achieved by dosing HAc and Hthd sequentially, which
is higher than either 96.0 + 0.6 % by Hthd or 97.0 + 0.5 %by HAc solely.
Results for various combinations of inhibitors and sequences will be
presented.

In summary, this work illustrates that varying the size of SMls could bring
benefits from either higher steric shielding or chemical passivation
components for improved precursor blocking performance. In addition, it is
demonstrated that combination of SMIs could potentially be an effective
strategy for achieving higher selectivity.

[1] A.J.M. Mackus et al., Chem. Mater. 31, 2 (2019).
[2] M.J.M. Merkx et al., J. Phys. Chem. C 126, 4845 (2022).
[3] M.J.M. Merkx et al., J. Vac. Sci. Technol. A 39, 012402 (2021).
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10:00am AP+2D+AS+EM+PS+SS+TF-MoM-6 Role of Catalytic Surface
Reactions During Area-Selective Tan ALD for Precursor Blocking Using
Aniline Molecules, Marc Merkx*, |. Tezsevin, P. Yu, R. Heinemans, R.
Lengers, E. Kessels, A. Mackus, Eindhoven University of Technology,
Netherlands; T. Sandoval, Federico Santa Maria Technical University, Chile
The semiconductor industry is running into significant issues regarding RC-
delays in state-of-the-art interconnect structures. A solution is to
selectively deposit the transition metal nitride diffusion barrier on the
dielectric via sidewalls but not at the bottom, known as a bottomless
barrier structure.[1]. In this contribution, area-selective TaN ALD is
investigated using aniline as a small molecule inhibitor (SMI),[2] with the
focus on studying the catalytic surface reactions that take place on the
metal non-growth area after aniline adsorption.

Area-selective TaN ALD was achieved using a three-step (i.e. ABC-type) ALD
cycle using: (A) aniline as SMI, (B) tert-
butylimidotris(dimethylamino)tantalum (TBTDMT) as the precursor
molecule, and (C) an Ar-H; plasma as the co-reactant. This process was
found to selectively deposit TaN on dielectric surfaces (e.g. Al03 and SiOz)
considering the metal surfaces (e.g. Co, Ru) as non-growth area. It was
observed that the selectivity of the process is strongly dependent on the
employed substrate temperature. At 175 °C only ~1 nm TaN can be
deposited selectively, whereas by raising the substrate temperature to 300
°C ~3 nm of selective TaN growth was achieved on Al,Os, with respect to Ru
as the non-growth area.

An explanation for the strong temperature dependence for the selectivity
of this process could be the catalytic reactivity of the metal non-growth
area. For example, through density functional theory (DFT) calculations, it
was found that aniline can undergo a hydrogenolysis reaction on transition
metal surfaces, where the amine group splits off as NHs while benzene
remains adsorbed on the surface. This reaction eliminates the NH2 groups
from the surface that could otherwise interact with incoming precursor
molecules.[3] Experimental and simulation results will be presented to
provide insight into the role that catalytic surface reactions play during
area-selective ALD on metal surfaces.

[1] Merkx et al., Atomic Limits 7,
https://www.atomiclimits.com/2022/04/18/

[2] Merkx et al., Chem. Matter 32, 7788-7795 (2020)
[3] Merkx et al., Chem. Matter. 32, 3335-3345 (2020).

(2022)

10:40am AP+2D+AS+EM+PS+SS+TF-MoM-8 AVS Russell and Sigurd Varian
Awardee Talk: Sequential Application of Two Inhibitors to Achieve Area-
Selective Atomic Layer Deposition of Dielectric on Metal, Tzu-Ling Liu?,
M. Harake, S. Bent, Stanford University

Area-selective atomic layer deposition (AS-ALD), which provides a bottom-
up approach to fabricate patterned structures, has been considered as a
prospective solution to overcome the challenges in current semiconductor
manufacturing processes. To enable more applications of AS-ALD, it is
critical to expand the AS-ALD toolbox to different types of surfaces.
Previous studies have successfully demonstrated selective deposition of
dielectrics on the dielectric (DoD) regions of metal/dielectric patterns using
alkanethiols and phosphonic acids as the inhibitors for metal surfaces.
However, doing the reverse pattern transfer, i.e., selective deposition of
dielectrics on the metal (DoM) regions, is less well-investigated because
selective inhibitor deposition on dielectric over metal is more challenging.
Taking organosilane, a common inhibitor choice for dielectric surfaces, as
an example, it can also adsorb on metal substrates when native metal
oxide is present. Hence, it is important to develop a strategy to protect
metal surfaces from the adsorption of organosilane inhibitors for achieving
AS-ALD of DoM.

In this work, we demonstrate a two-step strategy to achieve selective
deposition of DoM by using two different SAMs with orthogonal surface
chemistry, i.e., one SAM preferentially adsorbs on the metal, which serves
as a protector to prevent the adsorption of the other SAM onto the metal,
and the other primarily adsorbs on the dielectric, which serves as an
inhibitor for AS-ALD. We sequentially perform dodecanethiol (DDT)
deposition on Cu surfaces, followed by octadecyltrimethoxysilane (OTMS)
deposition on SiO; surfaces. Since the Cu surfaces are protected by DDT in
the first step, OTMS selectively forms a well-packed self-assembled
monolayer (SAM) only on SiO.. With this strategy, we demonstrate AS-ALD
of ZnO and Al:0s on Cu (growth surface) over SiO; (non-growth surface)
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after applying a thermal step to selectively remove DDT protector from Cu.
The blocking results show that selectivity > 0.9 can be maintained after 35
cycles of ZnO ALD (corresponding to 5.6 nm of ZnO on a reference native
SiO2-covered Si substrate) and 15 cycles of Al,03 ALD (corresponding to 1.4
nm of Al,0s), respectively, using this sequential two-step SAM process. Our
study helps expand the selective deposition toolbox and provide more
possible applications for AS-ALD in next generation electronic devices.

11:00am AP+2D+AS+EM+PS+SS+TF-MoM-9 Carborane Self-Assembled
Monolayers for Area-Selective Deposition, Michelle Paquette, R. Bale, R.
Thapa, S. Pinnepalli, University of Missouri-Kansas City; J. Bielefeld, S. King,
Intel Corporation

Area-selective deposition (ASD) is an important strategy in improving the
fidelity of and/or reducing the complexity of current multi-pattern pitch-
division processes. An expanded palette of ASD materials and processes is
needed. Boron carbide (BC) has been demonstrated to be a compelling
candidate for low-k dielectric, etch stop, diffusion barrier, and patterning-
assist layers, due to its robust electrical, mechanical, and chemical
properties, as well as unique etch chemistry. The molecular carborane
precursor is of interest for BC-based self-assembled monolayers (SAMs).
This is a symmetric twelve-vertex molecule, with many available and
typically sublimable derivatives. For SAM applications, carborane stands
out in that its 3D symmetry allows for the formation of well-ordered layers,
and the termination of its vertices by labile H atoms allows for cross-linking
with a variety of mechanisms including heat, plasma, and radiation (e.g.,
UV, e-beam). Carborane SAMs can conceivably fulfill various roles in ASD
schemes, including as an intrinsically selective functional dielectric layer
(e.g., diffusion barrier), sacrificial layer (e.g., hard mask), direct-writeable
layer, or blocking layer to facilitate the selective deposition of other
materials. We describe progress in the deposition and characterization of
carborane SAMs toward the development of a range of ASD schemes and
applications.

11:20am AP+2D+AS+EM+PS+SS+TF-MoM-10 Peter Mark Memorial Award
Talk: Reactive Inhibitory Chemistries for Area Selective Depositions and
Their Application in Back End of the Line Processes, Rudy Wojtecki', 1BM
Almaden Research Center INVITED
Area selective depositions (ASD) describe self-alighed processes where the
chemical contrast of surfaces are exploited to selectively grow a film. ASD
can be applied to a variety of fabrication schemes to improve tolerance to
overlay errors in fully aligned via schemes or achieve device performance
improvements by reduce resistance between interconnect levels in barrier-
less contacts that reduce stage delay. While ASD processes are accessible
through a variety of methods — differences in surface reactivities between
materials, self-assembled monolayers (SAMs) and small molecule
inhibitors, to name a few — reactive organic inhibitors and their application
in ASD processes will be described. Reactive inhibitor compositions can be
selectively deposited on a metal portion of a pre-pattern surface, then
undergo (i) a crosslinking reaction or (ii) further chemical transformations
used to grow an inhibitory film to a desired thickness. Crosslinking of a
monolayer film for ASD was demonstrated with the introduction of diyne
moieties into a SAM composition, which is crosslinked under either UV or
thermal treatment. These crosslinked monolayers were found to enhance
selectivity in an ASD process and reduce defects on patterned substrates.
With synthetic modifications to increase the length of the SAM, further
reductions in defectivity was achieved as well as the ASD of TaN. Electron
beam irradiation of aliphatic moieties are also known induce crosslinking.
With the use of hydroxamic acid head groups the chemical contrast
between exposed (crosslinked) and non-exposed regions could be
significant enough to enable a patternable ASD process where, as the
crosslink density increased the selectivity of the monolayer is further
improved. These SAM chemistries require solution-based coating methods
but the concept of a crosslinkable inhibitor could also be translated to a
vapor phase process, demonstrated with propargyl amine and vinyl
pyridine. To tailor inhibitor thickness in strategy (ii) chemically reactive
surfaces were exploited where monomers are selectively attached to a
metal surface then polymers grown in an area selective manner with
tailorable thicknesses, demonstrated with a polynorbornene and
poly(vinylpyridine). This tailorable thickness presents several advantages
over monolayers — such as enabling ASD on patterns with topography
(sharp corners & bends) or the control of lateral overgrowth. These
reactive inhibitory chemistries demonstrate an inhibitory chemistry
strategy for ASD and their use in back end of the line applications such as
fully aligned via, barrier-less contacts or zero-line end extensions.
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Applied Surface Science Division
Room 320 - Session AS+LS+RE+SS-MoM

Probing Surface and Interface Structure with X-ray

Photoelectron Spectroscopy: In Memory of Charles Fadley
Moderators: Gregory Herman, Oregon State University, Theva
Thevuthasan, Pacific Northwest National Laboratory

9:00am AS+LS+RE+SS-MoM-3 X-Ray Spectroscopic Identification of Strain
and Structure-Based Resonances in a Series of Saturated Carbon-Cage
Molecules: Adamantane, Twistane, Octahedrane, and Cubane, Trevor
Willey, J. Lee, Lawrence Livermore National Laboratory, D. Brehmer, O.
Paredes Mellone, SLAC National Accelerator Laboratory; L. Landt, Lawrence
Livermore National Laboratory;, P. Schreiner, A. Fokin, B. Tkachenko,
Institute of Organic Chemistry, Justus Liebig University, Germany, A. de
Meijere, S. Kozhushkov, Institute for Organic and Biomolecular Chemistry,
Georg-August-University, Germany, T. van Buuren, Lawrence Livermore
National Laboratory

Novel nanocarbons such as fullerenes, nanotubes, graphene, and
nanodiamond reside at the cutting edge of nanoscience and technology.
Along with chemical functionalization, geometrical constraints (such as
extreme curvature in nanotubes, or defects within or at the surfaces of
diamond nanoparticles) significantly alter the electronic states of the
nanocarbon material. Understanding the effects of steric strain on
electronic structure is critical to developing nanoelectronic applications
based on these materials. This paper presents a fundamental study of how
strain affects electronic structure in a benchmark series of some
fundamental saturated carbon cage compounds. Adamantane, C10H16, the
smallest diamondoid, and arguably the smallest nanodiamond crystallite,
has carbon atoms essentially commensurate with diamond lattice positions
and possesses by far the least bond strain of this series. Twistane also is a
C10H16 isomer but the fixed cyclohexane twist conformation of the central
ring introduces some strain into the cage. Octahedrane, (CH)12, and
cubane, (CH)8, are considerably much more strained, culminating in
cubane where carbon-carbon bonds lie either parallel, or orthogonal to one
another. Using gas-phase near-edge X-ray absorption fine structure
(NEXAFS) spectroscopy to probe the unoccupied electronic states, we
observe two major progressions across this series. First, a broad C-C o*
resonance in the absorption splits into two more narrow and intense
resonances with increasing strain. Second, the first manifold of states
previously associated with tertiary C-H o* in the diamondoid series appears
to broaden and shift to lower energy. This feature is more than twice as
intense in cubane as in octadedrane, even though these two molecules
have only tertiary carbons, with chemical formula (CH)x. The spectral
differences are entirely due to the shape of the molecules; in particular, in
cubane, the features arise from a high degree of p-p interaction between
parallel C-C bonds. In contrast to the conventional wisdom that near-edge
X-ray absorption is primarily an atomically localized spectroscopy,
molecular shape and associated bond strain lead to the dominant features
in spectra acquired from this fundamental series of carbon cage structures.

9:20am AS+LS+RE+SS-MoM-4 Composition and Thermal Stability Analysis
of Passive Films on NiCr and NiCrMo Alloys, Keithen Orson, A. Costine, E.
Romanovskaia, J. Scully, P. Reinke, University of Virginia

Ni-Cr based super-alloys are important because of their corrosion
resistance, which derives mainly from a thin passive layer of chromia
(Cr203). During aqueous corrosion, a complex surface layer containing
Ni(OH)2, Cr(OH)s, and Cr.0sforms whose chemistry and structure are still
subject of discussion. Our work is designed to study how non-equilibrium
growth of the passive layer during aqueous corrosion affects the properties
of the passive layer. We apply a range of electrochemical conditions to two
alloys - Ni22wt%Cr, and Ni22wt%Cr6%Mo. Alloys are processed in pH 4
aqueous chloride solution. The electrochemical reaction step uses high or
low current density (100-0.1 nA/cm?) to achieve fast and slow passive layer
growth that is far or near equilibrium, respectively. The second step was a
10 ks potentiostatic hold at +0.2V. Electrochemical processing was followed
Angle-Resolved X-Ray Photoelectron Spectroscopy (ARXPS) analysis to
characterize the oxide and hydroxide chemistry of the passive layer and
underlying alloy. Annealing to 400 °C served as a proxy to assess the
passive layers stability, which we propose is related hydroxide network
connectivity and pitting resistance. In as-prepared samples, Ni and Cr
hydroxides are dominant in the passive layer, while chromia and Cr(OH)s
are the dominant species at elevated temperatures. The underlying alloy
tends to be moderately enriched in Cr. Under all conditions and
temperatures, Cr is present as a mix of oxide and hydroxide with the oxide
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dominating at higher temperatures. In contrast, Ni(OH); is detected at low
temperatures, but no NiO is observed. For molybdenum-containing alloys,
MoOx and Cr,0s coexist until MoOx is reduced at T>300°C. Continuous XPS
spectra taken during annealing indicate smooth transitions between
hydroxide and oxide visible in the O1s and C2p3/2 peak shape, while for
Mo 3d3/2 and Ni2p3/2 peaks narrow transition regions for reduction are
identified. Oxide thickness decreases with increasing temperature due to
oxide loss from reduction and volatilization. The fast and slow growth on
Mo-containing alloys without a subsequent potentiostatic hold produced a
marked difference in oxide thickness. Molybdenum content affects
multiple characteristics of the passive layer, including thickness, layering,
and chromia content. Our work demonstrates how differing preparation
conditions affect the chemistry and layering of NiCr and NiCrMo alloys.
These results will be interpreted in the context of passive film performance
and can ultimately be used to design alloys for optimal corrosion
resistance.

9:40am AS+LS+RE+SS-MoM-5 Reversible Changes in Surface Charging and
Surface Oxide of NiFe;O4 Thin Films: A Temperature Dependent X-Ray
Photoemission Study, Arjun Subedi, D. Yang, X. Xu, P. Dowben, University
of Nebraska-Lincoln

We have observed large binding energy shifts in temperature dependent X-
ray photoelectron spectroscopy (XPS) of the 2ps/. core levels of both Ni and
Fe atoms in nickel ferrite (NiFe204) thin films grown on Al;Os. The binding
energies of the core levels were found to be sensitive to photovoltaic
charging. The apparent binding energies decreased by more than 5 eV for
both core levels when the temperature was increased to 510 K from room
temperature. This is evidence of large surface charging of the sample and
indicative of insulating behavior at lower temperatures. The XPS spectra at
higher temperatures were observed to be different from that at lower
temperatures, suggesting a different surface oxide at higher temperatures.
When temperature was lowered from 510 K to room temperature, the
changes in surface charging and nature of the surface oxide were
reversible. We conclude that the nature of the surface oxide is temperature
dependent.

10:00am AS+LS+RE+SS-MoM-6 The Reproducibility Crisis in Science as
Manifested in X-Ray Photoelectron Spectroscopy (XPS). What's Been
Done, and What's Being Done About It?, Matthew Linford, Brigham Young
University; D. Baer, PNNL; G. Major, Brigham Young University

X-ray photoelectron spectroscopy (XPS) is the most important method for
chemically analyzing surfaces. Conventional XPS probes 5 - 10 nm into
surfaces, revealing both the atomic compositions and chemical states of
the atoms at surfaces. During the past few decades, there has been a
significant increase in the use of XPS worldwide, both in the number of
papers published that show XPS data and in the number of new XPS
systems being sold. However, the world appears to have created new XPS
instruments faster than XPS experts. Indeed, a recent paper suggested that
about 40% of the XPS peak fitting reported in the scientific literature is
deeply flawed (see J. Vac. Sci. Technol. A2020, 38, 061204). An anecdotal
report suggests that the XPS peak fitting in submitted manuscripts is even
worse. In this talk, we discuss some of the efforts that are being made to
address the reproducibility crisis in science vis-a-vis XPS and surface
analysis in general. These efforts include a collection of guides on XPS that
was recently published in JVST, a second set of guides to JVST that is
currently accepting submissions, a set of guides being written to Applied
Surface Science Advances that is also currently accepting submissions, and
'XPS Insight Notes' that will be accepted by Surface and Interface Analysis.
These latest two sets of guides will accept papers on any surface analytical
technique. It is hoped that by providing useful guidance on XPS and other
surface analytical methods, these efforts will improve the quality of data
collection and analysis that is appearing in the surface literature. This talk
will also discuss common errors in XPS peak fitting in the literature and
ways to fix them.

10:40am AS+LS+RE+SS-MoM-8 Study of Surface Oxides on Pts:Ni(111) and
PtsCo(111) using Ambient Pressure XPS, Bongjin Simon Mun, Gwangju
Institute of Science and Technology, Republic of Korea INVITED
Utilizing AP-XPS, the surface chemical states of PtsNi(111) and PtsCo(111) is
examined under CO oxidation condition. Under elevated oxygen pressure,
the presence of surface segregation of transition metals is clearly observed
in AP-XPS. Also, with AP-STM, the formations of nanostructured transition-
metal oxides are confirmed during the segregation. As CO oxidation occurs,
the interfacial oxygens on the nanostructured metal oxides display unique
chemical reactivity. Difference between PtsNi and PtsCo alloys surface will
be presented.
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11:20am AS+LS+RE+SS-MoM-10 Probing the Oxidation Chemistry of TRISO
Nuclear Fuels Using Depth Profiled XPS and Ambient Pressure XPS, Jeff
Terry, lllinois Institute of Technology

While the use of TRISO fuels has been long postulated within High
Temperature Gas Reactors, an additional use is possible as an accident
tolerant fuel in Light Water Reactors (LWRs). Before TRISO fuels can be
used in LWRs, the corrosion properties of the different layers of TRISO fuels
must be well understood. Photoelectron Spectroscopy (PES) has long been
utilized to study the oxidation behavior of materials due to its sensitivity to
both element and chemical state. The problem with (PES) has been that it
has historically been an technique that required Ultrahigh Vacuum
conditions for measurements. This made it difficult to study corrosion in
situ. New instruments have expanded the capabilities of PES. It is now
possible to measure photoemission spectra at ambient pressure. We have
measured the in situ corrosion of a SiC layer grown as a TRISO simulant at a
pressure of 1 mbar of H.0 at temperatures of 500 C using an ambient
pressure photoemission system. In addition, we have grown multilayer
SiC/ZrN/C systems designed to protect the environment from silver release.
We will report on the corrosion chemistry of the SiC, ZrN, and C layers as
measured using ambient pressure photoemission. Finally, We can also
compare this to samples oxidized under high pressures of water and then
measured with sputter-depth profiled conventional XPS measurements.
These measurements help us to understand the potential failure modes of
accident tolerant nuclear fuels.

11:40am AS+LS+RE+SS-MoM-11 Environmental X-ray Photoelectron
Spectroscopy Study of Catalyst-lonomer Interactions in Polymer
Electrolyte Membrane Fuel Cells, Jayson Foster, S. Zaccarine, M. Dzara,
Colorado School of Mines, USA; C. Baez-Cotto, National Renewable Energy
Laboratory; S. Kim, Colorado School of Mines, USA; M. Batool, J. Jankovic,
University of Connecticut; M. Ulsh, S. Mauger, National Renewable Energy
Laboratory; S. Pylypenko, Colorado School of Mines, USA

Proton exchange membrane fuel cells (PEMFCs) are an important
technology providing on-demand energy without contributing to
greenhouse gases. High demand for this technology requires scaled-up
fabrication of PEMFC catalyst layers (CLs), thus motivating studies that
relate catalyst chemistry and morphology to processing parameters and
performance characteristics. Currently, interfacial interactions between
catalyst and ionomer are not well understood fundamentally, including the
evolution of this interface under humidified conditions.

Environmental X-ray photoelectron spectroscopy (EXPS) is a highly surface-
sensitive technique primed to provide information into the surface
properties of CLs and further improve understanding of interfacial
interactions among the catalyst, support, and ionomer. Although Nafion
ionomer is inherently susceptible to X-ray degradation, XPS can be used
effectively through a modified acquisition strategy developed previously in
our group. In this work, EXPS was used to probe CLs using a series of
electrodes prepared by a Mayer rod coating method. The catalyst-ionomer
interface was investigated as a function of carbon support material, loading
of the Pt catalyst on the support, and ionomer content in the catalyst ink.
Surface information was acquired using ex situ and in situ XPS to emphasize
this technique’s capabilities at probing ionomer interactions and their
evolution in a humidified environment. Scanning transmission electron
microscopy (STEM) was used to visualize distribution of Pt nanoparticles on
support, relating catalyst and support properties to their surface behavior
while integrated with ionomer. Furthermore, scanning electron microscopy
(SEM) and STEM imaging in combination with energy-dispersive X-ray
spectroscopy (EDS) mapping of electrode cross-sections were utilized to
visualize distribution of ionomer and Pt in the CL to further assist with
interpretation of EXPS data. Results from this dataset emphasize the
strength of this technique to study complex interfaces in PEM catalyst
layers motivating further work expanding to other catalysts and ionomers.
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Biomaterial Interfaces Division
Room 318 - Session BI+AS+PS-MoM

Biomolecular Interfaces and Underwater Adhesion
Moderator: Morgan Alexander, University of Nottingham, UK

8:20am BI+AS+PS-MoM-1 Supported Lipid Bilayers as Model Systems to
Understand Molecular Interactions at Complex Solid/Liquid Interfaces,
Pierluigi Bilotto, Centre for Electrochemistry and Surface Technology,
Austria; L. Mears, M. Valtiner, Vienna University of Technology, Austria
Generating a detailed molecular understanding of complex, simultaneous
inter actions at reactive and/or dynamic solid | fluid interfaces is a challenge
across disciplines, and has intrigued researchers for decades.[1, 2] Whether
it is, for example, in medical adhesives, friction of articular cartilage,[3] or
the adhesion of organisms in seawater,[2] complex macroscopic properties
at crowded biologic solid|liquid interfaces are mediated by large numbers
of individual nanoscale interactions.[4] Exactly this complex competition
and molecular structuring at interfaces are central to a multitude of
interfacial phenomena, such as membrane transport,[5] membrane
conductance, [6,7] cellular adhesion [8] and adhesion regulation in the
marine environment. [9]

In our previous works, we characterised a lipid-based model system (LMS)
in terms of its stability and bending properties by employing atomic force
microscopy and surface forces apparatus. [10] Then, we further modified
its outer face with amine-terminating polymers to investigate the specific
electrostatic interaction between the amine and a negatively charged mica
surface. Then, we examined how interaction forces are affected by the
electrolyte concentration, funding a direct exponential like decay between
adhesion and electrolyte concentration. Specifically, we found a decrement
of 90% in adhesion in a 1M sodium chloride environment. These fundings
suggested the presence of a competing mechanism which was confirmed
by a kinetic model at the interface involving two competing Langmuir
isotherms. Finally, we could estimate ion/surface interaction energies from
the experimentally recorded interaction force measurements.[11]

In the talk we will discuss these works and present the new research
opportunities coming out from these results.

(1) Israelachvili, J.; Wennerstiom, H. Nature 1996, 379, 219-225
(2) Stock, P. et al, ACS Nano 2017, 11, 2586—2597

(3) Shoaib, T. et al, Biomater. Sci. 2020, 8, 3944-3955

(4) Cai, L. et al, ACS Nano 2017, 11, PMID: 28383885, 3727-3732

(5) Gage, P. W.; Quastel, D. M. J. The Journal of Physiology 1966, 185, 95—
123

(6) Stieve, H.; Bruns et al Zeitschrift fur Naturforschung C 1978, 33, 574—
579

(7) Stieve, H.; Pflaum et al, Zeitschrift fur Naturforschung C 1985, 40, 278—
291

(8) Ohgaki, M. et al, Journal of Biomedical Materials Research 2001, 57,
366—373

(9) He, X.; et al,Colloids and Surfaces B: Biointerfaces 2016, 146, 289-295
(10) Bilotto, P.; Lengauer, M.; et al Langmuir 2019, 35, 15552-15563
(11) Bilotto, P et al ACS Physical Chemistry Au 2021, 1, 45-53

8:40am BI+AS+PS-MoM-2 Recombinant Lubricin Improves Anti-Adhesive,
Wear Protection and Lubrication of Collagen Il Surface, H. Yuan, Tianjin
University, China; Laura Mears, Vienna University of Technology, Austria;
R. Su, Tianjin University, China; M. Valtiner, Vienna University of
Technology, Austria

Lubrication in articular joints is regulated by a number of biomolecules
including the collagen of the cartilage, lubricin and lipids in the synovial
fluid. Camptodactyly-arthropathy-coxa vara-pericarditis syndrome (CACP) is
a joint disease, which causes a lack of lubricin, leading to failed lubrication
as well as abnormal deposition at cartilage surfaces. Injection of
recombinant lubricin (R-LUB) is a promising way to treat the disease. Here,
the protein adsorption and lubrication behavior of type Il collagen (COL 1),
mimicking the cartilage surface, upon R-LUB injection were followed by a
surface plasmon resonance spectroscopy and surface forces apparatus. The
results indicated R-LUB can bind well on COL Il surface and the layer of COL
1I/R-LUB complex exhibited a much lower nonspecific adsorption of BSA
(3.25 ng/cm?) and LYS (0.26 ng/cm?) compared to those of the COL Il layer
(32.7 ng/cm?, 7.26 ng/cm?), respectively. Normal force measurement
demonstrated there were repulsive forces between the COL II/R-LUB
complex and different surfaces with -COO;, -NHs* and -CHs groups.
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Likewise, COL Il had a high coefficient of friction (u~0.48) with surface
damage at 2 um/s and wear pressure of 1.56 MPa. In contrast, the
coefficient of friction of COL 1I/R-LUB complex was dramatically decreased
to ~0.014-0.13 with surface damage at 13 um/s, the complex even shows
an ultralow coefficient of friction of 0.008 at the lowest loading <3 mN.
Furthermore, R-LUB modification boosts the strength of the surface against
abrasive wear (damage) of 11.96 MPa, which was 7.7 times higher than
that of COL Il alone. Hence, R-LUB may act as an anti-adhesive and
lubrication layer adsorbed on COL Il surfaces to develop strong steric-
repulsive interactions and lubrication to prevent direct surface contact. Our
results provide fundamental insights into the adsorption and lubrication
behavior for understanding biological lubrication, especially using R-LUB for
CACP disease treatment.

9:40am BI+AS+PS-MoM-5 Hyaluronic Acid-Dopamine Conjugate for Facile
Deposition onto Collagen | with Enhancing Anti-Adhesion and Lubrication,
H. Yuan, Tianjin University, China,; L. Mears, M. Valtiner, Vienna University
of Technology, Austria; Rongxin Su, Tianjin University, China

Collagen | matrix (COL 1) has been applied clinically for repairing damaged
cartilage, but it has poor protein resistance and insufficient lubrication
performance, which seriously affects the repairing performance for
cartilage. Hyaluronic acid (HA) has good anti-adhesive and lubrication
properties, and seems to be a potential candidate to improve treatment
with COL I, but it cannot be immobilized onto the collagen surface. Inspired
by mussels, dopamine (DA) was chemically grafted to HA to form the HADA
conjugate, which could firmly adhere to the surface of COL | by dopamine
oxidation and reacted with amine from COL I. The protein resistance and
lubrication properties of COL | and HADA-modified COL | (COL I/HADA)
surfaces were followed by quartz crystal microbalance with dissipation and
surface force apparatus techniques. The optimal modified time of HADA on
COL I surface was 8 h. The nonspecific adsorption of bovine serum albumin
(BSA) and lysozyme on COL I/HADA were reduced to 1/25 and 1/42 of that
on COL I. COL/HADA also displayed very good resistant to high
concentrations of BSA. Upon HADA modification, the interaction force
between COL | and the surfaces with positive and negative charges sharply
decreased from 2-6 mN/m to 0, demonstrating that the COL I/HADA
surface had a strong anti-adhesion property. The coefficient of friction of
COL I (~0.65) was quite high displaying poor lubricating ability, while that
of COL I/HADA reduced to ~0.16. Upon HADA modification, the wear
occurred at a shear rate of 14 um/s, and the surface resistance to abrasive
wear (damage) was greatly improved to 9.7 MPa, about 12 times higher
than the COL | surface. These results indicated that HADA-modified COL | is
a promising anti-adhesive and lubricating joint repair material, especially in
the field of osteoarthritis treatment.

10:00am BI+AS+PS-MoM-6 Anti-Fouling Properties of Amphiphilic
Zwitterionic Hydrogels, Lisa Schardt, Ruhr University Bochum, Germany; A.
Martinez Guajardo, University of Potsdam, Germany; J. Koc, Ruhr
University Bochum, Germany; J. Clarke, J. Finlay, A. Clare, Newcastle
University, UK; H. Gardner, G. Swain, K. Hunsucker, Florida Institute of
Technology, A. Laschewsky, University of Potsdam, Germany; A.
Rosenhahn, Ruhr University Bochum, Germany

Hydrogels exhibit excellent biocompatibility and resistance against
nonspecific attachment of organisms most likely due to their stable
hydration shell.[1] Zwitterionic polymers like the sulfobetaine N-(2-
methacryloxy)-ethyl-N,N-dimethylammoniopropansulfonate  (SPE)  are
promising candidates foranti-fouling coatings. However, due to low
mechanical strength, their performance in the field is limited.[2] N-butyl
methacrylate (BMA) was added in amounts between 0 and 50% to
copolymers  containing SPE and the photocrosslinker — 2-(4-
benzoylphenoxy)ethyl methacrylate (BPEMA) to tune the hydrophilicity of
the resulting hydrogel properties. The rearrangement of the polymer upon
immersion in seawater was characterized by under-water contact angle
goniometry. The swelling and resistance against mineral particles were
measured with surface plasmon resonance (SPR) and sediment immersion
tests. Biological anti-fouling experiments were performed using Ulva linza
and field tests. Upon immersion in saltwater, the polymer chains
rearranged to form hydrophilic surfaces and the degree of swelling
depended on the salt concentration. The incorporation of BMA successfully
altered the mechanical properties of the coatings resulting in a lower silt
uptake. At the same time, the amphiphilicity did not hamper the anti-
fouling performance in laboratory assays and a decrease of the settlement
was observed in field tests.[3]

[1] A. Laschewsky, Polymers, 2014, 6, 1544-1601.
[2] J. Koc, Biofouling, 2019, 4, 454-462.
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[3] L. Schardt, Macromolecular Rapid Communications, 2021, 2100589.

10:40am BI+AS+PS-MoM-8 Mussel Adhesion: A Fundamental Perspective
on Factors Governing Strong Underwater Adhesion, L. Mears, J.
Appenroth, A. Celebi, A. Imre, H. Yuan, TU Wien, Austria; P. Bilotto, CEST
Centre for Electrochemistry and Surface Technology, Austria; R. Su, Tianjin
University, China; Markus Valtiner, TU Wien, Austria

Tuning interfacial electrochemistry is central to the principle of the strong
underwater adhesive of mussels. Here we critically discuss recent progress
in the field, and we discuss how interfacial electrochemistry can vary
interfacial forces by a concerted tuning of surface charging, hydration
forces and tuning of the interfacial ion concentration. Mussel foot proteins
contain a number of different functional groups, with much focus directed
towards the catechol moiety. Therefore, we discuss some of our recent
results in the area of adhesion of different functional groups in a saline
environment. We also present new data from electrochemical surface
force apparatus experiments that explore the difference in adhesion for
oxidized and reduced forms of the catechol functional group against a
mineral, mica, in different environments. These results raise interesting
questions about the role of the catechol group. We propose new paths into
understanding and utilizing redox-proteins and derived polymers for
enhancing underwater adhesion in a complex salt environment.

11:00am BI+AS+PS-MoM-9 Bioinspired Underwater Adhesives Using
Amyloids from Commonplace Proteins, M. Wilson, NRC Post-doctoral
Fellow sited at the Naval Research Laboratory, Chemistry Division;, M.
Beasley, NRC post-doc sited at the Naval Research Laboratory, Chemistry
division; K. Fears, Naval research laboratory, Chemistry Division; E. Yates,
US Naval Academy, Chemistry Department; Christopher So!, Naval
Research Laboratory, Chemistry Division

Barnacles adhere permanently underwater using proteins that are
delivered as a liquid, triggered to assemble, and cure as a bulk amyloid
material in extreme seawater environments. More cosmopolitan than most
other fouling organisms, barnacles rely on these materials to remain stuck
at frigid ocean depths, as well as on hot intertidal coasts. We have
previously been successful in designing sequences that can mimic the
natural glue chemistry and structure, however bridging the gap between
natural sequences and materials of practical use remains a challenge. Here,
we mimic protein aggregation from the barnacle with unmodified food
proteins as model systems and fabricate adhesives by curing them at the
adhesive joint. We use temperature and time to control protein assembly
and define the relationship between biophysical state and adhesive
strength. Using thermal processing, we fabricate adhesives that approach
the underwater lap shear strength of commercial marine and
contemporary bioinspired chemistries. Though we observe differences in
adhesive behavior between the examined proteins and their aggregation
state, the presence of amyloids improves underwater performance across
all proteins studied. We show that commonplace proteins can be delivered
as a liquid, triggered to cure with chemistry or heat, and form strong
underwater adhesives at the contact. The aggregation of commonplace
proteins is therefore a viable pathway in creating strong underwater
adhesives which, like the organisms that use them, can operate in extreme
underwater conditions.

11:20am BI+AS+PS-MoM-10 Incorporation of Antimicrobial Cyclic
Peptides in Polymeric Materials, D. Regan, Q. Lu, D. Barlow, Kenan Fears,
US Naval Research Laboratory

Polymeric coatings are used universally to protect structural materials and
extend their operational lifetime. Microbial growth on these coatings, if
unmitigated, present health risks and can diminish the protective
performance of the coatings. For example, fungi have been linked to the
degradation of aircraft surface coatings which can lead to corrosion of the
underlying metals. After bans on heavy metal mixtures within surface
treatments, a commercial void remains for a solution to prevent
biodegradation of material surfaces. Building on the advancements within
cyclic peptide synthesis, we test the antimicrobial activity of alpha and beta
conformations of cyclic peptides against microorganisms of medical and
industrial interest. Minimum inhibitory concentration (MIC) and microbial
growth assays showed that cyclic peptides exhibited broad spectrum
activity against gram-positive and gram-negative bacteria, yeasts, and
algae. Furthermore, the cyclic peptides were mixed into a commercial
polyester polyurethane coating, Irogran, and exposed to cultured isolates
of biodegrading yeasts. For both cyclic peptide-Irogran blends, zero colony
forming units were detected after a one-week exposure. These findings

1 BID Early Career Researchers Award
Monday Morning, November 7, 2022

demonstrate how synthesized cyclic peptides retain their antimicrobial
activity after incorporation into polymeric surface coatings to prevent the
growth of problematic microorganisms.

11:40am BI+AS+PS-MoM-11 Tuning Amphiphilicity of Alginic Acid-Based
Polyelectrolyte Multilayers to Enhance Marine Fouling Resistance, Jana
Karthduser, T. Gnanasampanthan, S. Spéllmann, R. Wanka, H. Becker, A.
Rosenhahn, Ruhr University Bochum, Germany

Polysaccharides are among other naturally occurring polymers commonly
used in fouling-resistant coatings for both marine and medical applications.
The anionic polysaccharide alginic acid (AA) is a non-toxic, eco-friendly, and
readily accessible biopolymer that is widely used for biomedical purposes
because of its high water-binding capacity. Thus, alginic acid is an
interesting and promising building block to produce marine antifouling
coatings. Unfortunately, in seawater, the biopolymer loses its antifouling
efficacy due to the complexation of bivalent ions. An approach to
overcome the susceptibility of charged polysaccharides, such as AA, is the
blocking of the carboxylate groups by hydrophobic functional groups. The
incorporation of amphiphilic moieties additionally changes the
physicochemical properties of the coating and enables the tuning of
fouling-resistant properties.'Layer-by-layer assembly of polyelectrolytes is
a versatile and common technique to produce highly defined and
reproducible coatings. The use of different or differently modified
polyelectrolytes with opposite charges enables the charge-driven
assembly.? To introduce amphiphilicity, different degrees of carboxyl
groups of alginic acid were modified with pentafluoropropylamine. The
influence of the amphiphilicity on the physicochemical characteristics of
the modified alginic acid itself as well as of the coatings, when used
alternately deposited with polyethyleneimine in multilayers, were
investigated. Subsequently, the different degrees of modification of the
AA-containing coatings with respect to the non-specific attachment of
proteins by surface plasmon resonance spectroscopy and marine fouling
organisms by attachment assays were examined in more detail and
revealed an improved fouling resistance with increasing amphiphilicity.

1. Bauer, S. et al. Resistance of Amphiphilic Polysaccharides against
Marine Fouling Organisms. Biomacromolecules17, 897-904 (2016).
Gnanasampanthan, T. et al. Effect of Multilayer Termination on Nonspecific
Protein Adsorption and Antifouling Activity of Alginate-Based Layer-by-
Layer Coatings. Langmuir37, 5950-5963 (2021).

Gnanasampanthan, T. et al. Amphiphilic Alginate-Based Layer-by-Layer
Coatings Exhibiting Resistance against Nonspecific Protein Adsorption and
Marine Biofouling. ACS Appl. Mater. Interfaces14, 16062—-16073 (2022)

MEMS and NEMS Technical Group
Room 302 - Session MN+AS+NS+QS+SE-MoM

Dynamics and Engineering of MEMS/NEMS
Moderators: Jiirgen Brugger, EPFL, Switzerland, Eva Weig, University of
Munich, Germany

9:00am MN+AS+NS+QS+SE-MoM-3 MEMS-Based Surface
Nanoengineering Using Thermal AFM Probes: 30 Years and Counting,
Jiirgen Brugger, Ecole Polytechnique Fédérale de Lausanne, Switzerland

INVITED
Soon after the first publication in 1985 of the atomic force microscope
(AFM) attempts were made to extend AFM-based surface probing from
microscopy to lithography [reviewed in 1]. The potential applications in
writing and reading for data storagein the early years served as technology
driver and showed remarkable performances [2]. One of the variants of
AFM-based writing (and reading) operates a heated nano-tip to perform
thermally induced phase changes of materials. The three-fold combination
of nano-scale heat localization (30 nm scale), high temperature (~ 500
°C)and particularly fast heating/cooling cycles (10E-6 s) is unique and opens
new opportunities for surface engineering and material conversion using
heat.In the meantime, nano-tips and cantilevers were further perfected as
nanotools to locally induce phase changes in materials for a wide range of
exploratory studies. Today, thermal scanning probe lithography (t-SPL) has
matured into turn-key systems that can be compared to some extend to
electron beam lithography, but without the useof charged particles and
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without the need for development. The full grasp of potential applications
in R&D and production is still growing as the technique is still emerging.

In this talk, we will give first some background how heated AFM probes
were initially designed and fabricated that led to today’s advanced thermo-
mechanical probe design of micro-cantilevers and nano-tips. The paper will
then review some main achievements up to date [3] and then present
recent results on t-SPL utilized for 2D materials by our own work [4, 5], and
will conclude with some outlook on further challenges in hot-tip
nanoengineering.

References:

[1] R. Garcia, et al. Nature Nanotechnology (2014)

[2] H. J. Mamin et al. Applied Physics Letters (1992 )

[3] S. T. Howell et al. Microsystems & Nanoengineering (2020 )
[4] X. Liu et al. Advanced Materials (2020 )

[5] X. Liu et al. Nano letters (2020)

10:40am MN+AS+NS+QS+SE-MoM-8 Atomically-Thin MoS:
Nanoelectromechanical Resonators, R. Yang, Shanghai lJiao Tong
University, China, Jaesung Lee, University of Texas at El Paso INVITED
With the development of the Internet of Things (loT), new sensors and
signal processing elements that consume near-zero power to operate on
resonance, have high tunability and small form factor are necessary.The
ultralow mass and large resonance tunability make resonant 2D
nanoelectromechanical systems (NEMS) suitable for ultrasensitive mass,
force and biomolecular sensing, radio-frequency (RF) front end, and strain-
tunable devices.Further, molybdenum disulfide (MoSz) resonators only
require picowatt level of power for sustaining the strong and stable
resonance operations due to their ultralight weight.This opens an
opportunity to explore new sensors and signal processing elements for loT
applications that really require near-zero power to operate on resonance,
and at the same time, have wide dynamic ranges and tuning ranges. In this
talk, we summarize our most recent advances in 2D MoS, NEMS
resonators.

11:20am MN+AS+NS+QS+SE-MoM-10 Can a Single Nanomechanical Mode
Generate a Frequency Comb?, Eva Weig, Technical University of Munich,
Germany INVITED
Doubly-clamped nanostring resonators excel as high Q nanomechanical
systems enabling room temperature quality factors of several 100,000 in
the 10 MHz eigenfrequency range. Dielectric transduction via electrically
induced gradient fields provides an integrated control scheme while
retaining the large mechanical quality factor [1]. Dielectrically controlled
nanostrings are an ideal testbed to explore a variety of dynamical
phenomena ranging from multimode coupling to coherent control [2]. Here
I will focus on the nonlinear dynamics of a single, resonantly driven mode.
The broken time reversal symmetry gives rise to the squeezing of the
string’s fluctuations. As a result of the high mechanical Q factor, the
squeezing ratio is directly accessible from a spectral measurement [3]. It is
encoded in the intensities of the two spectral peaks arising from the slow
dynamics of the system in the rotating frame. For stronger driving, an onset
of self-sustained oscillation is observed which leads to the generation of a
nanomechanical frequency comb. The effect is a consequence of a
resonantly induced negative effective friction force induced by the drive.
This is the first observation of a frequency comb arising solely from a single
mode and a single, resonant drive tone [4].

[1] Q. P. Unterreithmeier et al., Nature 458, 1001 (2009)
[2] T. Faust et al., Nature Physics 9, 485 (2013)
[3]J. Huber et al., Phys. Rev. X 10, 021066 (2020)

]

[4] ). Ochs et al., in preparation
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Manufacturing Science and Technology Group
Room 305 - Session MS+HI-MoM

Machine Learning for Microelectronics Manufacturing

Process Control and Materials Discovery R&D
Moderators: Tina Kaarsberg, U.S. Department of Energy, Advanced
Manufacturing Office, Gary Rubloff, University of Maryland, College Park

8:20am MS+HI-MoM-1 Advancing Semiconductor Industry Process
Control via Data-Centric Al, Jeff David, PDF Solutions INVITED
Data-Centric Al.Over the last several decades, much of the research and
work in machine learning has been based on a model-centric approach or
software centric approach.® In recent years, some of the codebase for core
algorithms such as neural networks have reached a level of maturity where
those base algorithms now essentially represent a solved problem for a lot
of applications.This has created the opportunity to focus more on the data
to improve results, where there is still a significant amount of room to
improve the approaches to boost overall outcomes.Areas of Data-Centric
Al that have received a growing amount of attention recently include:
Measuring data quality, Data iteration, Data management tools, and Data
augmentation and data synthesis.

While there has been increasing application of Data-Centric Al in other
industries, there are also opportunities for the application of Data-Centric
Al in the semiconductor industry as well.Below are a two examples of
approaches that have been explored and implemented:

Metabinning and generalized model across chip products

It is difficult to train a model using available data that can be applied to
other chip products, due to the unique bin assignment across potentially
many thousands of products, even though the underlying failure
mechanisms at the device level may be similar.A solution to this challenge
is to create metabins that group together bin ID’s that are the same or very
similar, across chip products.By generating metabins as new labels and
overriding the original hardbin/softbin ID’s (which again may be disparate),
a generalized model can be trained with more previously available data and
quickly applied to new chip products for failure prediction.

Classification of wafer failure patterns

Key difficulties in applying machine learning to the classification of spatial
failure patterns on wafers are the limited number of wafer classifications
(labels) and wafer data available to train the model for a new chip
product.To address these issues, a Data-Centric Al approach can be
applied.The first step is to generate Augmented Data: Wafers with known
patterns are generated randomly.Then the new patterns can be quickly
added to the model, by expanding the pattern definition library and
retraining.Unlike actual data, new patterns from one product type might be
considered general learning and useable to upgrade models.

References:
(1)Andrew Ng, NeurlPS Workshop, Data Centric Al, December 2021

9:00am MS+HI-MoM-3 Paths Toward Autonomous Plasma Process Tool
Operation by Pairing of Plasma and Machine Learning Technologies, Jun
Shinagawa, P. Ventzek, Tokyo Electron America Inc., INVITED
“Smart manufacturing” initiative is a means to meet automation and
process control requirements set by semiconductor device technology that
is now far below the 10 nm critical dimension in manufacturing[1]. We
present our holistic approach on pairing first principle in-situ plasma
diagnostics with machine learning techniques to build key components of
autonomous plasma process tool operation system or advanced equipment
control (AEC) system. AEC is a multi-module system consisting of plasma
monitor and control and fault detection and classification(FDC) modules.
Machine learning techniques are used to enhance accuracy and reliability
of embedded models in the aforementioned modules.

REFERENCE
[1] SEMI, “What is smart manufacturing?” [Online], Available:

https://www.semi.org/en/industry-groups/smart-manufacturing/what-is-
smart-manufacturing [Accessed Nov. 30, 2021]

9:40am MS+HI-MoM-5 Compliant Hybrid Bonding for Large CTE
Mismatched Electronic Materials, Mieko Hirabayashi Hirabayashi, M.
Wiwi, S. Herrera, E. Madison, M. Jordan, Sandia National Laboratories

We will discuss methods for hybrid bonding utilizing low modulus materials
to enable heterogeneous integration with high density (< 20 um pitch)
interconnections of CTE (coefficient of thermal expansion) mismatched
materials. Hybrid bonding techniques, where mechanical stability is
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provided from a direct bond and electrical connection through a metal-to-
metal bond are used to make high-density electrical connections for
materials like hybridized CMOS imagers. The temperature of formation of
the direct bond and the stiffness of the bonding material result in highly
stressed interfaced, limiting the materials that can be used for a hybrid
bond.

We demonstrate the joining dissimilar materials utilizing a compliant
bonding layer. By changing materials, we allow stress moderation in the
bonding layer which reduces the stress on the top and bottom chips.
Reliability decreases significantly when the differences in coefficients of
thermal expansion (CTE) are large. With large CTE mismatch between a top
chip and a bottom chip, one chip expands more than the bottom chip
during thermal cycling. If the interface is brittle, the stress due to the
difference in CTE induces cracking at the interface. The current method for
addressing this issue is to limit the total area bonded —but this limits the
advancement of the technology.

This has ramifications for infrared imagers and other applications that
combine compound semiconductors with silicon microchips. The size of
hybridized infrared imagers, for example, is limited by the mismatch
between the different materials that go into them. This presentation will
include the methods we have developed to integrate polymers between
dissimilar materials to reduce stress due to CTE mismatch and thus
increase reliability.

SNL is managed and operated by NTESS under DOE NNSA contract DE-
NA0003525

10:40am MS+HI-MoM-8 Machine Learning Accelerated Scale-up for
Microporous Materials - An Industrial Perspective, Di Du, P. Kamakoti,
ExxonMobil Technology and Engineering Company INVITED
Microporous materials such as zeolites and MOFs play a crucial role in
producing energy and energy products at scale. Traditional approaches for
materials development and scale-up are time consuming and involve
experience-based trial and error. Two key areas for materials
understanding are the critical variables that impact the synthesis and
optimization of material properties which are usually described by
quantitative synthesis-property relationships (QSPR). This presentation
provides an overview of statistical and machine learning approaches to
build QSPR. These methods provide a highly efficient path to optimize
synthesis parameters towards targets such as purity, crystal size and
surface area, and enable us to significantly speed up our materials
workflow.

Our workflow combines design of experiments, machine learning, and high-
throughput experimentation (HTE). In order to build QSPR, we featurized
the characterization data using machine learning and deep learning
approaches. For example, we quantified crystal purity using peak
deconvolution of powder XRD pattern. We used a deep learning model to
calculate crystal size and aspect ratio from scanning electron microscopy
(SEM). We performed functional principal component analysis to select the
linear region of Brunauer-Emmett-Teller (BET) adsorption curve which is
found to be more accurate than Rouquerol’s rules. Since the synthesis
space for microporous materials is large and complex, we combined
Bayesian Optimization and HTE to further accelerate the workflow. The
prior knowledge for Bayesian optimization often comes from a sparse
matrix. We used an iterative machine learning model to predict and fill the
missing values with uncertainty quantification. After optimization, we used
feed-forward neural networks to summarize QSPR for extended
investigation at different scales.
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We validated the accelerated workflow with a known zeolite. Without
referring to historical data, we used the workflow to systematically probe a
large and complex synthesis parameter space and obtain small pure
crystals of the material. The new workflow demonstrated a significant
reduction in the number of experiments needed to meet the same goals as
past experiments.

11:20am MS+HI-MoM-10 Optimizing Copper Deposition in High Aspect
Ratio Through Silicon Vias, Jessica N. McDow, R. Schmitt, M. Hirabayashi,
J. McClain, M. Jordan, Sandia National Laboratories

We show an optimization method for filling high aspect ratio through
silicon vias (TSVs) that provides insights into the diffusion and suppression
kinetics of a superfilling electroplating chemistry. In general, TSV copper
filling processes are designed to be used with thinned wafers (<200 um),
but some TSV last and microelectromechanical systems (MEMS) require full
wafer thicknesses. To electroplate full-wafer thickness TSVs, a suppressor
only solution utilizes an s-shaped negative differential resistance (S-NDR)
mechanism.%?

This suppression/fill mechanism is sensitive to the via geometry as well as
the overpotential during the electroplating. Using a suppressor only
chemistry consisting of copper sulfate, sulfuric acid, potassium chloride,
and Tetronic 701, we demonstrate a time-dependent process window
where early on too high of an overpotential results in suppressor
breakdown and too low of an overpotential results in complete
suppression of the deposition process. By controlling the voltage between -
520 mV (MSE) and -560 mV (MSE), we were able to demonstrate complete
fill of the TSVs in 30% of the time previously required for filling. We also
hypothesize that there is a maximum void-free fill rate for suppressor only
chemistries.

Understanding the filling kinetics provides a throughput target for
microelectronic devices. Copper filled TSVs are a key technology for 3D
heterogeneous integration. TSV designs improve device functionality,
increase bandwidth per volume, simplify assembly, and enable system
miniaturization. In this work, understanding of copper deposition kinetics
in a suppressor only electrolyte and the development of optimized plating
parameters utilizing the S-NDR mechanism is outlined.

SNL is managed and operated by NTESS under DOE NNSA contract DE-
NA0003525. SAND2022-7316A

1Rebecca P. Schmitt et al 2020 J. Electrochem. Soc. 167 162517.
2D. Josell and T. P. Moffat 2018 J. Electrochem. Soc. 165 D23.

11:40am MS+HI-MoM-11 Advanced Manufacturing using Virtual
Metrology and Equipment Intelligence’ , David Fried, Lam Research
Corporation INVITED
The semiconductor industry is now confronting a number of metrology and
manufacturing challenges due to critical technology requirements at next-
node architectures.Advanced patterning techniques, such as EUV,
frequency multiplication and selective deposition, are needed to meet cost
and variability challenges at smaller line dimensions.Memory technologies,
such as NAND, DRAM, and others, are requiring new materials and the
transition to 3D topologies that are more challenging to
manufacture.Advanced logic (such as GAA architectures) and heterogenous
integration are being pursued in order to reduce power, footprint, and
speed in next generation devices, but also require new, higher density and
more complex manufacturing techniques.These technology requirements
are creating additional metrology challenges, such as a need to measure
smaller dimensions in complex 3D structures, increased measurement
frequencies and additional demands for metrology data integration and
analysis.

In this talk, we will discuss innovative concepts to address some of these
next node metrology challenges.We will review the concepts of virtual
fabrication and virtual metrology, and how they can be used in conjunction
with conventional metrology to better support defect analysis and yield
optimization at the latest technology nodes.We will also discuss how
physical metrology can be used to calibrate a virtual process model, along
with how a virtual process model can be used to validate physical
metrology measurements made on a 3D NAND device.

In addition, our presentation will review the concept of Equipment
Intelligence®, and how sensor-based metrology is being used to improve
chamber and fleet variability.We will discuss how data from in-situ and
standalone metrology, using machine learning/artificial intelligence,
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calibrated models, and advanced analytics, can drive real-time feed-
forward and feedback optimization. We will show a specific example of
next-generation metrology-based optimization, by presenting an advanced,
in-situ etch-depth metrology system that uses spectral analysis and
machine learning to deliver significant improvements in wafer-to-wafer
etch depth control.

In our conclusion, we will summarize the challenges of next node
architectures, and discuss how the concepts discussed in this presentation
can be used by all participants in the semiconductor technology space to
measure, characterize and address these upcoming challenges.

Nanoscale Science and Technology Division
Room 304 - Session NS1+QS-MoM

Fabrication, Testing and Metrology of Quantum Devices

and Systems
Moderator: Wonhee Ko, Oak Ridge Natinal Laboratory

8:20am NS1+QS-MoM-1 Single Electrons on Solid Neon: A New Solid-
State Qubit Platform with Ultralong Coherence, Xianjing Zhou, Pritzker
School of Molecular Engineering, University of Chicago INVITED
Progress towards the realization of quantum computers requires persistent
advances in their constituent building blocks—qubits. Novel qubit
platforms that simultaneously embody long coherence, fast operation and
large scalability offer compelling advantages in the construction of
quantum computers and many other quantum information systems.
Electrons, ubiquitous elementary particles of non-zero charge, spin and
mass, have commonly been perceived as paradigmatic local quantum
information carriers. Despite superior controllability and configurability,
their practical performance as qubits through either motional or spin states
depends critically on their material environment. In this talk, | will present
our experimental realization of a new qubit platform based on isolated
single electrons trapped on an ultraclean solid neon surface in vacuum. By
integrating an electron trap in a circuit quantum electrodynamics
architecture, we achieve strong coupling between the motional states of a
single electron and a single microwave photon in an on-chip
superconducting resonator [1]. Qubit gate operations and dispersive
readout are successfully implemented. Our latest measurements show that
both the relaxation time T: and coherence time T, have reached 0.100-
millisecond scale [2]. The observed single-shot readout fidelity, without
using a quantum-limited amplifier, is already 94.4%. Simultaneous strong
coupling of two qubits with the microwave resonator is also demonstrated,
as a first step toward two-qubit entangling gates for universal quantum
computing. These results manifest that the electron-on-solid-neon (eNe)
charge qubits have outperformed all the existing charge qubits to date and
rivaled the state-of-the-art superconducting transmon qubits.

[1] X. Zhou ... and D. Jin, “Single electrons on solid neon as a solid-state
qubit platform”, Nature 605, 46-50 (2022).

[2] X. Zhou ... and D. Jin, “Electron charge qubits on solid neon with 0.1
millisecond coherence time”, manuscript submitted (2022).

9:00am NS1+QS-MoM-3 Ultra-thin TaN Damascene Nanowire Structures
on 300 mm Si Wafers for Quantum Applications, Ekta Bhatia, S. Kar, S.
Olson, T. Vo, S. Schujman, J. Nalaskowski, NY CREATES; H. Frost, SUNY
Polytechnic Institute, Albany; J. Mucci, B. Martinick, I. Wells, T. Murray, C.
Johnson, V. Kaushik, S. Papa Rao, NY CREATES

Tantalum nitride (TaN) is a material which has been used as a copper
diffusion barrier in integrated circuits, along with many other applications
ranging from corrosion-resistant coatings to superconducting quantum
devices. Superconducting nanowire single photon detectors (SNSPDs) are
critical for applications in photonic quantum computing, single-flux
quantum logic circuits for qubit readout, and neuromorphic computing.
TaN SNSPDs have been shown to extend the detection bandwidth to longer
wavelengths, along with higher detection efficiency, enabling new
applications in cosmology when fabricated into large scale arrays. TaN
devices at 300 mm wafer scale can leverage the advances made by the
semiconductor industry in process control, improving yield, pattern fidelity
and wafer-to-wafer predictability of performance. Hence, the development
of this process technology will enable large scale SNSPD arrays, and will
also be useful for superconducting circuits for quantum applications.

Detailed studies of the influence of nitrogen content on the
superconducting characteristics of TaN thin films are not widely available in
the literature, particularly at 300 mm wafer scale. We report the

Monday Morning, November 7, 2022

11

development of ultra-thin reactive sputtered TaN films prepared with
different Ta to N ratios on 300 mm scale. We fabricated damascene
structures of TaN nanowires with widths varying from 100 to 3000 nm and
thickness varying from 5 to 35 nm using 193 nm optical lithography and
advanced chemical mechanical planarization.

We confirmed a sigmoidal dependence of TaN sheet resistance on Ta to N
ratio, and a decrease in crystallite size (extracted from XRD
measurements). The superconductor to insulator transition as a function of
Ta to N ratio is reported. We will also discuss the influence of encapsulation
of the superconducting wires with metallic TaN and copper. Cu
encapsulation can improve contact resistance during measurement, and
has implications for thermal conduction along the length of the
superconducting nanowire. In contrast, adding an intervening layer of
highly disordered metallic TaN between the superconducting TaN and Cu
ensures minimal leakage of Cooper-pairs at TaN/Cu interface. We will
report the variation of T and J. of TaN nanowires as a function of film
thickness, material characteristics, Ta to N ratio and encapsulation.The
potential of ultra-thin TaN films at 300 mm scale will be discussed in the
context of applications such as on-chip integration for readout of
superconducting qubits, in quantum phase slip studies, and large focal-
plane detector arrays for cosmology.

9:20am NS1+QS-MoM-4 Direct Integration of Atomic Precision Devices
into a MOS-Compatible Process, Jeffrey Ivie, D. Campbell, A. Leenheer, C.
Halsey, E. Anderson, S. Schmucker, D. Scrymgeour, X. Gao, W. Lepkowski, T.
Lu, L. Tracy, S. Misra, Sandia National Laboratories

Atomic precision advanced manufacturing (APAM) of electrical devices,
fabricated using hydrogen depassivation lithography in a scanning
tunneling microscope, offers a way to explore device physics with the
ultimate degree of control. Almost all previous work has focused on
exploring applications in quantum physics, particularly with a focus on
qubits, using devices operating at cryogenic temperatures. While APAM
may benefit applications in microelectronics, such as the strong doping of
contacts in scaled transistors, the high temperature surface preparation of
APAM generally makes it incompatible with modern metal-oxide
semiconductor (MOS) process flows. To leverage significant past
investments in CMOS manufacturing and enable a wider application space
for APAM devices, demonstration of direct integration of APAM into
existing MOS process flows is required.

To enable direct integration of APAM devices, we have established a
natural insertion point for APAM processing between Front-end-of-line
(FEOL) and Back-end-of-line (BEOL) steps on Sandia’s 0.35-micron CMOS
node. The insertion point allows for readily accessed device Si through
gentle sputtering and thermal annealing, which has a sufficiently crystalline
surface critical for APAM delta doping. Integration of the moderate
temperature APAM processing step (<600 °C) between high temperature
FEOL processing (1000 °C) and before low temperature BEOL processing
(<400 °C) maintains the electrical characteristics of both the inserted APAM
delta-doped material and the discrete transistors and integrated circuit
components from FEOL. Furthermore, accelerated lifetime measurements
of APAM wires demonstrate that patterned APAM material is more robust
than standard metal features in modern CMOS devices. Establishing the
capability of direct integration of APAM into a CMOS process flow opens
the door to enhance CMOS transistors with APAM-based processing along
with providing wider manufacturing interest. Similarly, implementation of
novel APAM-based devices alongside CMOS circuits is a significant
discovery platform for microelectronics, neuromorphic computing
hardware, or hybrid quantum applications.

This work was supported by the Laboratory Directed Research and
Development Program at Sandia National Laboratories and was performed,
in part, at the Center for Integrated Nanotechnologies, a U.S. DOE, Office of
Basic Energy Sciences user facility. SNL is managed and operated by NTESS
under DOE NNSA contract DE-NA0003525. The views expressed in the
article do not necessarily represent the views of the DOE or the U.S.
Government.

9:40am NS1+QS-MoM-5 Low Thermal Budget PMOS in Low Temperature
Epitaxial Silicon, Christopher Allemang, D. Campbell, J. lvie, T. Lu, S. Misra,
Sandia National Laboratories
Atomic precision advanced manufacturing (APAM) enables deposition of
dopants in silicon (Si) with atomic precision and has been exploited to
make donor-based qubits. However, understanding the electrical effects of
the process tradeoffs in burying the dopants under an epitaxial Si capping
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layer grown at low temperatures has remained a challenge, both for qubits
and for other microelectronics applications. This cap layer can be deposited
at the lowest temperatures to limit the diffusion of dopants, or at modest
temperatures to limit the density of point defects. Here, to evaluate the
electrical quality of the Si cap, we explore using APAM materials and
compatible processes for other microelectronic devices, namely p-type
metal-oxide-semiconductor (PMOS) field-effect transistors.

The Si cap is unintentionally doped with aluminum during the growth
process leading to a p-type material. To employ this p-type material for
PMOS, we must have ohmic contacts and a way to gate the channel.
Typical processes used for contacting and gating the channel, e.g. implants
and thermal oxide, cannot be used here because they are high
temperature processes. To maintain an APAM compatible thermal budget,
we have developed ohmic contacts to the cap layer using platinum silicide
formed at 4002C and an atomic layer deposition Al,O3 gate oxide grown at
2509C. These temperatures are also within the back-end-of-line thermal
budget for Si CMOS, implying this process could be used to integrate an
additional device layer on an existing chip.

The silicide contacts are qualified by fabricating Schottky diodes on n-type
material and analyzing their current-voltage (/V) characteristics, while the
gate oxide is qualified by measuring the capacitance-voltage characteristics
of MOS capacitors. Further, these processes are combined to demonstrate
PMOS transistor behavior in APAM material for the first time. The electrical
transport in the cap layer is then qualified using IV measurements. While
these results represent the initial qualification of electrical transport in the
cap layer, further studies and analysis may reveal impacts to APAM
quantum devices.

This work was partially funded by the Advanced Manufacturing Office
project Big Energy Efficient Transistors, supported by the Laboratory
Directed Research and Development Program at Sandia National
Laboratories, and performed, in part, at the Center for Integrated
Nanotechnologies, a U.S. DOE, Office of Basic Energy Sciences user facility.
SNL is managed and operated by NTESS under DOE NNSA contract DE-
NA0003525. The views expressed here do not necessarily represent the
views of the DOE or the U.S. Government.

Nanoscale Science and Technology Division
Room 304 - Session NS2+AS+EM+SS-MoM

Quantum Based Sensors and Metrology
Moderator: Nikolai Klimov, National Institute of Standards and Technology

10:40am NS2+AS+EM+SS-MoM-8 Interfacing Biomolecules with Coherent
Quantum Sensors, Peter Maurer, University of Chicago INVITED
Quantum optics has had a profound impact on precision measurements,
and recently enabled probing various physical quantities, such as magnetic
fields and temperature, with nanoscale spatial resolution. In my talk, | will
discuss the development and application of novel quantum metrological
techniques that enable the study of biological systems in a new regime. |
will start with a general introduction to quantum sensing and its
applications to nanoscale nuclear magnetic resonance (NMR) spectroscopy.
In this context, | will discuss how we can utilize tools from single-molecule
biophysics to interface a coherent quantum sensor with individual intact
biomolecules, and how this could eventually pave the way towards a new
generation of biophysical and diagnostic devices.

Nanoscale Science and Technology Division
Room 304 - Session NS3+EM+TF-MoM

Nanophotonics, Metasurfaces and Plasmonic Systems

Including Inverse Design Methods
Moderators: David Czaplewski, Argonne National Laboratory, Nikolai
Klimov, National Institute of Standards and Technology

11:20am NS3+EM+TF-MoM-10 Quantum and Nonlinear Photonics in
Silicon Carbide with Inverse Design, Daniil Lukin, J. Vuckovic, Stanford
University INVITED
Integrated photonics technology has achieved the degree of scalability and
complexity needed for building up photonic quantum computers based on
optically-addressable spin qubits such as color centers. However, at
present none of the industry-standard photonics materials host high
quality color centers. Silicon Carbide has the potential to become a
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technologically-mature platform that can close this longstanding gap
between classical and quantum photonics devices. | will discuss the recent
progress of Silicon Carbide integrated photonics for quantum and nonlinear
applications, as well as the applications of inverse-design for novel
photonics functionalities.

Plasma Science and Technology Division
Room 315 - Session PS-MoM

Plasmas for the Environment and Sustainability: Plasmas-

Liquid Interactions, Water, Air, Soil Treatment
Moderators: David Go, University of Notre Dame, Jeffrey Shearer, TEL

9:00am PS-MoM-3 Nitrogen Fixation by Atmospheric Plasma: Effect of
Process Parameters on Product Yield and Selectivity, N. Maira, Université
libre de Bruxelles, Belgium; A. Remy, Université libre de Bruxelles, Belgium/
Ghent University, Belgium; K. Van't Veer, Université libre de Bruxelles /
Antwerpen University, Belgium; C. Pattyn, N. Roy, Université libre de
Bruxelles, Belgium; A. Bogaerts, University of Antwerp, Belgium,; N. De
Geyter, Ghent University, Belgium,; Francois Reniers, Université libre de
Bruxelles, Belgium

Nitrogen fixation using atmospheric plasma is a possible alternative route
to the Haber-Bosch process. Among these, microplasmas over water, DBD
over water and DBD without water can be used to synthesize ammonium,
nitrites and nitrates, depending on the reactants used, and the process
parameters. The talk will present a summary of results obtained using the 3
types of plasmas mentioned above. Thanks to original setups, the
production of nitrogen oxides and ammonia in the gas phase and in the
liquid phase will be tracked. It is shown that simultaneous production of
nitrates and ammonium can be obtained from pure nitrogen using a
microplasma over water (plasma-induced disproportionation). Conditions
for nitrite free solutions are established. The effect of the gas composition
and the electrodes polarity on the obtained results is shown. The
importance of water vapor as a source of OH and H for reactivity is
highlighted. For DBDs without water, the influence of the streamers on the
NOx synthesis (from Nz and Oz) and on the NHs synthesis (from N2 and H>)
is evidenced through heat sensitive experiments on one hand, and through
modeling on the other hand. It is shown that, for NOx synthesis the
streamers temperature have a significant effect on the oxidation
mechanism, preventing the ozone route when too hot. For ammonia
synthesis, if the streamers are beneficial for nitrogen splitting, it is shown
that they also destroy ammonia, which is preferentially formed outside the
streamers.
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C. Pattyn et al., Green Chemistry, submitted

C. Pattyn et al., Physical Chemistry Chemical Physics (2020) 22 (42), 24801-
24812

K. Van’t Veer et al. The Journal of Physical Chemistry (2020) C 124 (42),
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9:20am PS-MoM-4 Fundamental Insights Into Plasma-Liquid Interactions
by Combined Experiments and Multiphase Modeling, Necip Uner, Middle
East Technical University, Turkey, S. Keniley, LAM Research; E. Perez, D.
Curreli, M. Sankaran, University of Illinois at Urbana-Champaign

Plasmas in contact with liquids are of interest because of the complex
interactions and potential for novel physical and chemical processes. In
general, the system is composed of the gas-phase, liquid-phase, and the
gas-liquid interface. Experimental measurements have been made in the
gas phase and liquid phase of a plasma-liquid process, and more recently
modeling has also been performed. There remains a need to compare
experiments and modeling to validate simulation outputs and develop
predictive capabilities.

This talk will focus on two important aspects plasma-liquid processes:
predicting the species densities and heat transfer phenomena near the
interface. The focus of our study was a direct-current (DC) operated pin-to-
plane electrode geometry with the liquid serving as an electrolyte and a
counter electrode immersed in the solution. First, our recent studies on
developing a one-dimensional, isothermal but unsteady-state model for
coupled plasma-liquid interactions will be