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The scientific focus will be on Topological and Nanostructured Materials
Synthesis and Discovery We seek proposals advancing the science in one or more
of the following four concentration areas:

1) Topological and Qubit Materials
2) Novel Multifunctional Materials
3) Biocompatible Nanomaterials

4) Machine Learning Guided Materials Research

These concentration areas have potential applications in several possible

systems for potential future transition.

Examples to consider in each of the concentration areas are as follows:
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Topological and Qubit Materials:
Electronic topological states in materials are protected from some types of
perturbation due to novel ordering, termed “topological,” of their electron
wave-functions. Enhanced coherence and the resulting robustness to
perturbation makes these electronic states potentially useful for
computation, communication, and sensing. Alternatively, qubit materials
exploiting defects in solids have shown tremendous promise for low-noise
sensors, unbreakable cryptography, and next-generation computing. In
order to realize this promise, development of the fundamental and
supporting technologies required to enable real-world applications is
essential. The following are focus areas of interest:

a) Theoretical approaches to topological states: New approaches are
sought to predict new topological states and materials which host such
states, and to describe known topological states. Because topological
properties vanish at high temperatures in most topological materials,
prediction and realization of high-temperature topological states in
quantum materials are desirable.

b) Synthesis, characterization and manipulation of materials with
topological states: Fundamental understanding is sought regarding the
relationships between properties of the topological state and growth
parameters, as well as the relationships of the topological state to
material point and extended defects. Discovery is also desirable
regarding coupling and interactions between different topological states,
as well as between topological states and other matter (e.g., magnetic
materials, superconductors, etc.).

¢) Quantum sensing: New approaches are sought that can achieve higher
sensitivity, the measurement of distinct quantities, or the
characterization of higher order effects. Proposed concepts could
include, but, are not limited to, the development of novel qubits,
distributed sensing, or new sensing techniques.

d) Improved coherence and entanglement: Quantum entanglement is
fundamental to both networking and computation; however, modern
qubits are limited in the number of nodes that can be entangled and
operations that can be completed prior to decoherence. Concepts
should seek to achieve long-lived coherence and entanglement between
states through the development of novel state preparation techniques,
faster and more robust entanglement approaches, novel qubits, qubit

material refinement, phonon control, or alternative approaches.
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Novel Multifunctional Materials:

High-performance, multifunctional materials enable devices and

components for intelligence, surveillance, and reconnaissance systems as

well as modern information technology. Therefore, scientific advances in
multifunctional materials are sought in the following focus areas:

a) Novel electronic materials: The goal is to provide new functionalities
or extend the performance and power handling in power, RF, and
digital electronics applications.

b) High-performance optoelectronics: New materials and concepts in
optoelectronics are needed to advance applications in communication,
optical sensing, and optical processing. A particular focus is on
material hetero-integration for integrated photonics; i.e., on Si or other
suitable semiconductor substrates.

c) Novel materials beyond electronics/optoelectronics: There are
emerging materials with operating mechanisms beyond using charged
carriers and photons. For example, magnetism, spin wave,
ferroelectricity, piezoelectricity, sound wave, plasmonics, etc., are all
unconventional ways to carry and/or process information. Exploration
of emerging materials using one or a combination of these mechanisms

is desirable.

Novel Biomaterials and Interfaces
The focus is the design, synthesis, and characterization of
bio-compatible/derived/ inspired materials with novel properties (e.g.,
surface chemistries, multifunction structural mechanics) capable of
interfacing with natural or synthetic systems. Synthetic biology is poised to
re-invigorate research areas such as pervasive, networked biosentinels for
remote environmental sensing, but may also revolutionize how/what
materials can be produced with targeted properties across length scales
encompassing molecular  building blocks to bulk materials.
Characterization of these multifunctional structures in model systems (for
instance, organ-on-a-chip) is necessary to confirm functionality in complex
environments. Approaches to monitor the sensing event by hands-off
means (e.g., RF, magnetic, etc.) will be critical to understanding potential
transitions.
a) Hybrid, interfaced, organic and inorganic systems for environmental
sensing: Materials of interest include integrated biological polymers
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with semiconductor/electrically-active properties. Additionally,
platforms are sought that integrate novel recognition elements like
natural or artificially generated receptor-based systems for biomarker
monitoring, capable of high-throughput, label-free characterization via
multiplexed arrays that do not require intricate specificity (e.g.,
pattern-based signaling and matrix-based sensing outputs).

b) Novel Materials: Materials are desired with new
functionality/characteristics that arise from unique biology that
current/traditional materials science and manufacturing research cannot
address. Also of interest is the design/manufacture of sustainable,
alternative (replacement) biomaterials.

c) Bio-inspired material designs and assembly methods: Approaches are
needed for making new materials outside the bounds of nature, e.g.,
engineering ribosomes to use new monomers, or going beyond
ribosomes altogether. Other interest areas include sequence-encoded
block co-polymers to include more orthogonal chemistry and high

performance materials based on synthetic proteins.

Machine Learning Guided Materials Research

Matured machine learning tools have been useful in data automation, smart

communication, design innovation, and autonomous decision making.

Machine learning approaches are now being adapted for materials

discovery and efficient materials design of complex constituents and

functionality. Accuracy and adaptability of machine learning related to
nanomaterials research is highly desired. Suggested focus areas for this
topic follow:

a) Machine learning for quantum materials: Meso-scale machine learning
methodology is needed for training rules on defect influence on
quantum response in nanomaterials.

b) Design rules on 2-D materials heterostructure assembly: Fundamental
understanding is needed with regards to interfacial effects of
heterostructure assembly (spatial or thickness stacking) on electron,
photon, phonon transport behavior.

¢) Machine learning for sensing materials: Physics-based machine learning
rules are desired for defect design in 2-D materials for sensor
performance (optical, thermal, electronic, or magnetic).

d) Machine learning for hybrid materials: 2-D materials hybridization

design rules are sought for targeted properties.
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