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“Design of Materials”
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* Increased computing power

e Advancement of computing method
(1998 Nobel Prize in Chemistry)

e Accumulated knowledge of the interatomic modeling
(2013 Nobel Prize in Chemistry)

e Increased predicting power of the materials simulation
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~106% times faster during last 20 years

The Nobel Prize in
Chemistry 1998

Walter Kohn
Prize share: 1/2

John A. Pople
Prize share: 1/2

The Nobel Prize in Chemistry 1998 was divided equally between
Walter Kohn “for his development of the density-functional theory”
and John A. Pople "for his development of computational methods
in quantum chemistry".

The Nobel Prize in
Chemistry 2013

Photo: A. Mahmoud
Arieh Warshel

Prize share: 1/3

Photo: A. Mahmoud
Michael Levitt

Photo: A. Mahmoud
Martin Karplus

Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Chemistry 2013 was awarded jointly to Martin
Karplus, Michael Levitt and Arieh Warshel “for the development of
multiscale models for complex chemical systems".



New Paradigm of Materials Research KT
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Materials Genome Initiative (USA)
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REPORT TO THE PRESIDENT

Computational Science:

Ensuring
America’s Competitiveness

Mlmw
Advisory Commitiee

Materials Genome Initiative
for Global Competitiveness

June 2011

Computational '
Tools

Experimental Digital

Tools Data
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materials & chemistry

fe sciences
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fusion energy

online simulation and more

COMPUTATION




Hybrid Research Centers in Japan Jf]ST
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W | World Premier International
Research Center Initiative

New Materials & System

Nano-Materials

Nar bes

Nano-System

Novel electronics devices
Neuromorphic nano-systems
Innovative nano-measurement
Advanced modeling

Nano Revolution
for the Future

Since 2007

Innovation

Nano-Power

Solar cells
Catalyst
Li-ion battery
Fuel cells

Bionanoparticles
Smart Biomaterials
Biointerfaces
Biosensing

Nanoarchitectonics
Five key technologies

Elements Strategy Initiative Center for
Magnetic Materials

Research system
Branch sites 10

Principal investigators 19 Analysis evaluation
Total researchers over 90 Group

Atom probe TEM
PEEM STXM Hole effect
Phase field calculation

Materials synthsis
Group

Ultra-high pressure ~ Chemical
Artificial lattice Hot press Electronic theory

Metal multi-layer GI’OLIp

First principle calculation

Controlled Self-Organization

Atom / Molecule Novel Manipulation

Chemical Nanomanipulation

Theoretical Modeling & Designing

Field-induced Materials Control

(KKR, QMAS, OpenMX, WIEN2K)
Dynamics
(Nucleation, Domain wall motion
LLG calculation)

Since 2010
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Pot. E. [eV]

-2.881
5337

-4.457
Icosahedron

Design of Materials & Processes Optimization of Materials Process
by Computer Simulation by Combinatorial Experiment

MATERIALS INFORMATICS

Search for Optimized Materials in-situ Multi-property Characterization
by Informatics
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Materials
for
Human
Augment

-ation

Materials
For
Chemical Rx
Control

Materials
for
Advanced IT Tech.

Materials
for
Environment

Materials

Design
we)

Convergence

Synthesis and
Optimization

System Interation &
Applicability Test

J

Period : %5 Yr. (Pre) & (3+3) Yr. (Main)
Budget : 1.572.0 MS/Yr.

Pl :5~7

Type : Convergence Research Center
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Atomic Simulation Environment

The Atomic Simutation Enviranmertt (ASE) is the comman part of the simulation tools developed at CARMA. ASE provides Pyihon modules for manipulating atoms, analyzing simuiations, visualization etc

Note: The ol ASE-2 webpage has moved to nitp://wik. ysik. i ck/ase?.
Actively MAINTANE] ase.cale
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Atomistic Materials Science The Foundat
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Welcome to the Knowledgebase of Interatomic Models
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http://www.quantumwise.com/

Simulation Platform as a Virtual Fab KT
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Trying to mimic the procedure of the
experimental works in the FAB of
real space,

As closely as possible!
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http://vlab.kist.re.kr/VLAB_ENERGY
http://vlab.kist.re.kr/VLAB_ENERGY

Virtual Fab for Nano Device Design
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Welcome to the Virtual Fab for Nano Device Design at KIST!

CURRENT user OIZE (R1sT)

As the devices scaled down to nanometer regime, conventional
TCAD technology based on the continuum media hypothesis
frequently fails. In order to overcome the [imit, we are developing a
multiscale simulation platform for nano device simulation based on
the atomistic simulation technology.

The computation methods integrated in this platform span from the

first principles calculation based on the density functional theory,
quantum transport calculation, (reactive) molecular dynamics
simulations to the Monte Carlo simulation. In addition, various
analysis tools are also being integrated.

This website is to provide the simulation environment under a similar

environment of the experimental nano fab facility. This Virtual Fab
consists of three laboratories : Sample Preparation Room, Process
Laboratory and Analysis Laboratory. We try to provide a flexible
working environment where the users can design and perform their
own process and analysis workflows.

This Virtual Fab resulted from a project funded by the Converging
Research Center Program of Korea. For more details, please refer to

the Project page

K
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Last update : 2014/5/20

http://vlab.kist.re.kr/VLAB_NANO
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Goal of KIST Nano Virtual Fab
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Web=based Platform foriViaterialsDesign by
Computer Simulation and Materials Informatics

Computational
Materials Science

Open DB on Materials

e Multiscale Simulation Environment

— Virtual Fab for Everyone (QM, MD, MC, Meso, FEM)
e Material Informatics Environment

— Database + Data Warehouse

— Data Analysis Algorithm
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Major Bottle-neck or Issues Rd

e Accuracy and Speed of DFT Calculation
e Lack of Calculation Method

— Exited State / Electrochemical Reaction
e High Throughput DFT Calculation (Generalized)
e |nsufficient Development of the Interatomic Potential
e Lack of Transferability of the Empirical Potential
e Limited Time Scale of MD
e Off-lattice k-MC Simulation




Dynamic Link with KIM-AP| Xg
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Welcome to the Knowledgebase of Interatomic Models

An online resource for standardized testing and long-term warehousing of interatomic
models and data. This includes the development of application programming interface
(API) standards for coupling atomistic simulation codes and interatomic potential
subroutines.

Based on a NSF Cyber-Enabled Discovery and Innovation (CDI) Program (since 2012)
PI : Ellad Tadmor (U Minn) / James Sethna (Cornell) / Ryan Elliott (U Minn)

Add
KIM - source <«<——— Models & Model Drivers
l Compile
KIM by NSF Shared Library
(2MS for 4 years)
Dynamic Link LAMMPS Binary
I Compile
KIM-lammps library ———> LAMMPS - sou =
Include

Virtual Fab by NRF
(2.5MS for 5 years)
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Summary -}

e Virtual Fab for Materials Design will become an essential
tool of the (near) future materials research.

e Global collaboration is the only way to realize the tools.

KIM Workshop for Content Contributors (2014.8. Univ. Maryland)

Dear Seungchul,

It was a great pleasure to have you and Minho attend KCC Maryland this summer.
We were very impressed with the progress you made connecting Virtual Fab with KIM.

We would be pleased to continue the collaboration. Please let us know if there are any
developments on the US-Korea collaboration proposal that we put together.
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