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Motivation

Multiscale Modeling of
Electronic Materials

* To enable the guantitative understanding of
electronic matenals frem the smallest to the
largest relevant scales

» Resulting models are needed to create new
understanding and improved electronic device
applications to include sensors and electronics
for enhanced battlespace effects, and efficient
power and energy devices
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Challenge: modeling physical phenomena from a broad range of
perspectives, from the atomistic to the macroscopic end (and back)
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ARL Multi-Scale Millti‘Disciplinary Model le) e
Electronic Materials ' Workshoj

Aug 31 - Sep 12010,
Fairfax, Virginia 22083

OppPertUuMmties for,
MultiscalerModeling of;
Electronic Matenals

Focus on interfacial physics and
chemistry; nano structures, solid-
liguid interface—clear opportunities for
batteries, capacitors, fuel cells, etc.

Electrochemistry

Interaction of photons, electrons,
phonons—in other words, photonics,
spintronics, plasmonics, and phonons

Photonic
Interactions

Heterogeneous Mixed materials, with partial ordering—
Metamorphic includes graphene, metamaterials,
Electronics nanoelectronic structures, etc.
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Objectives

» Execute a focused basic research program to realize a
materials by design capability

e Drive forward and expand the fundamental
understanding in the area of multi-
scale/multidisciplinary materials behavior to directly
Improve the performance of electronic materials.

» Create a framework that enhances and fosters cross
disciplinary and cross organizational collaboration that
brings a team of academia, industry and government
together to address critical focused research in
Multiscale Modeling of Electronic Materials
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Areas for MSME CRA

us ARmy Electronic Materials Research !

Focus on interfacial physics and chemistry; nano
Electrochemistry structures, solid-liquid interface—clear opportunities for
batteries, capacitors, fuel cells, etc.

| : Interaction of photons, electrons, phonons—in other

. Photonic . . . .

| : words, photonics, spintronics, plasmonics, and
Interactions phonons

Heterogeneous Mixed materials, with partial ordering—includes
graphene, metamaterials, nanoelectronic structures, etc.

Metamor.ph IC — Interfaces of dissimilar materials
Electronics _— Defects

Note: Asking for CRA proposals to include a plan for
Incorporating “Hybrid Organic Electronics” in future years
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Programs (examples)
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- Programs (examples)

HI=ENItrides

After dislocation reduction

cess: high 105 cm2to low 108 cm2




US ARMY Heterogeneous Metamorphic
@ RDEG@ Electronics: Existing SEDD Materials

Research Programs (examples)

Portable energy
WBG Semiconductor harvesting system

Power Devices

Multi-wall CNT
Antenna

o Graphene/
graphite oxide

graphene diode

@ GNR/graphene ultra-
capacitor solid electrolyte

Heterogeneous Integration
via Fluidic self-assembly

N -' T ( \ i Capillary alignment and bonding

Electromagnetic
attraction

*General
*Accurate
«Non-ambiguous
+Efficient

WARFIGHTER FOCUSED.



@ RDECOM MSME CRA Multiscale Modeling
Research Areas

Multiscale Modeling Research Areas:
Performed for each of the Electronic Materials Research Areas

Modeling and Simulation: Validated multiscale modeling of electronic materials
design materials and predict performance by exploiting the hierarchy of scales in a
multidisciplinary environment

External Bridging the Scales: Analysis, Theory and Algorithms: Validated theoretical and
CRA analytical analyses to effectively define the interface physics across length scales and

Effort disciplines

Multiscale Modeling Material Metrics: A comprehensive set of metrics that
= electronic material for each of the three Electronic Materials Research Areas defined
r above to enable the enhancement or creation of new electronic devices

S Validation and Verification: Comprehensive validated experimental capabilities
ARL bridging time and space for probing the physics and mechanisms of electronic
materials and for verification and validation of multiscale/multidisciplinary physics

CRA modeling.
Effort

Processing and Synthesis: Validated modeling and techniques for the synthesis
and processing of Electronic Materials.

WARFIGHTER FOCUSED.
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Approach Electronic Materials for
Cohesive, multidisciplinary collaborative research U.S. Army Systems
program that links Electronic Materials across length &
time scales to specific performance metrics by validated
modeling, characterization and processing
a“é
Multiscale/Multidisciplinary, ’6"’0&9
MaterialsDesign|Loop 000(0
Modeling & Simulation (1) @&0?236 _
Verification, Validation and 6% oe“\ Pfaéessing and
Prediction across multiple (\Oe et Synthesis(b)
S-S ?z(\‘\.a N\l Y n—
Novel techniques to achieve new

and improved electronic materials

hysics across scales

Bridging the Sca ot gs)%'
|/ Theoretical and analytical 60(9 et
analysis to define the interface 50(\' \3
2

Experimentation and Characterization of
Electronic Materials for verification and
validation of multiscale physics modeling

characteristics and properties
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(PA)

Formulate a program to demonstrate the ability to achieve the research and
programmatic goals of the CRA as outlined in the PA

Define and outline the strategy for executing the materials by design loop and
identify how the program will achieve the specific research goals in the five
Multiscale Modeling Research Areas and how they will be integrated and interfaced
within the materials by design loop

Identify how the program will address the five Multiscale Modeling in each of the
three Electronic Materials Research Areas: (1) Electrochemical Energy Devices; (2)
Hybrid Photonic, Spintronic Devices; and (3) Heterogeneous Metamorphic
Electronics

Define the metrics by which success is expected to be measured

Identify the strategy, plans and methods for collaboration essential to the success
of the CRA

Identify the optimal scientific, technical, programmatic and administrative team
(expected to be comprised by a number of members) with the expertise to achieve
the stated research goals and to oversee and manage finances, reporting, data,
meetings, reviews and intellectual property
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Collaboration to Achieve the CRA Research Goals

 ARL Enterprise for Multiscale Research of Materials
« ARL SEDD Mission Program Internal to the CRA

Education

* Opportunities for Government Personnel
« Student Engagement with ARL Research Environment

Other Collaboration Opportunities
* High Performance Computing DoD Supercomputing Resource Center (HPC-DSRC)
« HPC (High Performance Computing) Software and Application Institute (HSAI) for
Multi-Scale Reactive Modeling and Simulation of Insensitive Munitions (MSRMS-IM)
* Other Government Agencies (OGA’s)

Lectures, Workshops, and Research Reviews

Staff Rotation
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e Materials for Sensors and Electronics
e Materials for Lethality and Protection
e Computational Science for Materials

CRA=Collaborative Research Alliance

WARFIGHTER FOCUSED.
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CRA Basic Research Program
» Basic Program funded for 5 Years with a 5 Year Option
o Start Second Quarter FY12
 Budget includes research costs, costs to manage the program, costs to
collaborate and enable research transition
 Funding outlined in the PA are for planning purposes only
» Final funding is subject to Program Objective Memorandum Approval

CRA Enhanced Basic and Applied Research Program
» As the CRA proceeds it is anticipated that other Government agencies will be able
to provide funding for specific research of interest
* This is currently unfunded

Total Funded 5 Year Core Program $12.4M /Total Funded 10
Year Core Program $20.9M
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SEDD MSME Open House
Thursday December 9t 2010

8:30- 9:00 Arrival
9:00 - 12:00 SEDD Research Program and Tours
Army Research Laboratory-Adelphi Laboratory
Center
2800 Powder Mill Rd
Adelphi, MD 20783
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Create a framework that enhances and fosters cross disciplinary and cross organizational
collaboration that brings a team of academia, industry and government together to address
critical focused research in Multiscale Modeling of Electronic Materials

2 Year Goals

» Advance the fundamental understanding and implementation of Physics-Based Modeling of Electronic
Materials across both time and space to develop set of algorithms/theories for a broad range of electronic
materials to create new and/or improved electronic devices, and advance the understanding of existing
performance

* Introduce interfaces, defects, imperfections

5 Year Goals

» Integrate new multidisciplinary /multi-scale physics to enable multi-scale modeling and simulation capability
that is validated experimentally in time and space to apriori design new or improved electronic materials that
are uniquely characterized, synthesized and processed.

e Potential examples of enhanced SoA resulting from the advancement or development of new theories and
algorithms of MSME could include:

» Higher performing (longer-lived) batteries by ~ 30% with more than double to treble the energy density

* Increase efficiency by 20%, with a five fold increase in lifetime for UV solid state sources

10 Year Goals

» Advance the state of the art in multiscale modeling and electronic materials to create a capability for
“Materials Optimization and Materials by Design”

» Deploy Multiscale Models for a variety of electronic materials that can be shared within the scientific
community
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