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contents VA MaDis

® Impact of Materials Informatics

® Present status of “Materials Informatics”
® What comes after MI
® Materials Research in future

® Conclusion



AI can discover
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A large variety of the composition in materials
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Why new discovery is difficult in materials

New
Discovery

% @ Goal (by tuning)

Starting materials

Function of materials

Number of composing elements

=== BasictA+B ==) Basic+tA+B+C

ent A:Improvement A:Improvement
age B:Improvement B:Improvement

disadvantage disadvantage
C:Improvement

A>B>C



How the experts think in materials design.

National Institute for Material Science

Parameter X Example: Perovskite oxides

Y Materials data field
S

o)
&’é New dlscovery’?

Q ‘ - Superconductivity

Multiferroic

Experiment result

Parameter Y



Focusing critical structures and bonds

THE NATURE OF
'HE CHEMICAL BOND

L.Pauling: L& R
Nature of chemical Bond
electro negativity

L => Heat of formation

W.A Harrison: E{ADEFEEE Y

Electronic Structure and
Perovskite Oxides the Properties of Solids
=> band gap




Energy —

Valence band

Metals

Semiconductors

Insulators




Electric Structure of Semiconductor : IV elements

C Si

Ge Sn

L
o
Band Gap Eg I =
L
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How we can extend " Materials Data Field" :
Challenge for High Throughput experimentation

First Screening
(Wide range)
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Second Screening
(Narrow range)

g2 8

New Materials
Discovery

First
Screening
Time and
Cost

\ 4

1) Calc.

2) Simulation

3) Data
Science



National project on materials informatics

“Materials Research by Information Integration” Initiative (MI?2l)

Mi‘i
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“MatNavi” is one of the world's largest
materials databases provided by NIMS

See the web site,

http://mits.nims.go.jp/index_en.html

T ™ Database

* Basic Properties * NIMS Structural Materials Data Sheet

Online
» Polymer Database (Polvinfo)

* Creep Data Sheet (COS)

» Fatigue Data Sheet (FDS)

* Inorganic Materal Database (AtomWork )

» Computational Phase Diagram Database
(CPDDB) NEW! » Comosion Data Shest (CoDS)

» Computational Electronic Structure Databaze * Space Use Matenals Strength Data Sheet (SDS)
(CompES)

» Database of Promising Adsorhents for
Decontamination of Radiosctive Substances

(READS)

» Neutron Transmutation Database (NeuTran)

» Metallic Matenal Microstructure Database (Kinso)

[Printed copy]

» Interfacial Thermal Conductance Database (ITC)

» Diffusion Database {(Kakusan)

» Superc onducting Material Database (SuperCon)

* Engineering * Applications

» Metallic Matenal Database (Kinzoku)

* CCT Diagram Database (CCTDM

* Matenals Hisk Information Platform (MBiE)
» FGMs Database

» Composite Desion & Properdy Prediction System
{CompoThemn)
» Polymer Properies Prediction System

* Metal Segrogation Predic tion System (SurfSeq)

» interface Bonding Prediction System
(InerChemBond) updated

= Weld Themmal History Simulator

“MatNavi” consists of ~20
database (polymer, inorganic
materials, superconductivity,
etc.) with high reliability.

“MatNavi” provides data
visualization tools and simple
prediction simulator of
material properties.



New materials discovery by “ Computation”
Points: Materials are reviewed by “ Lattice and elements”

NIMS is involved in“Phase” development

Plasma doping i
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conductivity conductivity

Design new materials which does not exist before



& Materials Project X

& C | & HESNILERS | hitps //matenialsproject org Q B & 0

77 % Denbun - GroupeM. B3 Facebook [ ZHLuLST

Home About = Apps - Documenlation = AP| Login

et

: | Harnessing the power of supercomputing and state of the art electronic
The structure methods, the Materials Project provides open web-based access

to computed information on known and predicted materials as well as

Mate ria Is powerful analysis tools to inspire and design novel materials.
PrOject Sign Ir wegister o start using
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(Professor, UC Berkeley) https://materialsproject.org/
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Binary alloy library
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Automatic Work Flow from database to calculation

B Automatic flow to select parameters in DFT Calculation and
Energy integration region

B Demonstration of quaternary high entropy alloy automatic calculation
for magnetic alloy survey

dl

Co==True and Fe==True

*  Mn==True anc Fe==True and AF==F

*  Mn==True and Fe==True and Co==True and AF=="F'

From the data by Dr.Hiori Kino of
NIMS



How we can use Machine Learning
B

Input Output

—0

i ~/ GaAs
AS e Band Gap

C= d1A1+dzBl+d3A2+d4Bz+ ”””

A =*=,.B;====:Descriptors



Descriptor library for Machine learning

» What is YenonPy project O Edit on Gitkub

What is XenonPy project
[ Waeor ] .- o]

XenonPy & a Python [brary focus on the matona! informanics which bo designed for materist

exglore based on machine leaming

Why this name

with our elements:

wiation, Xencn gat

XenonPy named from eleme

ey interesting because the

20 meaning ‘foregr{=1], strang=lr), ar

Correlation matrix Graphical Lasso Directed Graph on 118 elements

Automatic despriptor mining

Xeon Py (Python *JJi&

Property speculation

Structure stabil |ty Density (g/cm?3) Final energy/atom (eV)

mxnet 225-113.81-20-1 7 mxner 210344
MAE: 0279 MAE: 04311
Corr: 09876 Corr: 09914

Observation
Observation

Prediction Prediction




@ High Throughput Experimentation

Binary combinatorial synthesis

material
C

Material



High throughput Synthesis supported by machine learning
-For efficient synthesis with the best condition -

Experimental Conditions Dr.Isao Okudo Data
Machine Learning

oy

1 1 1
Growth parameter space

t Experimental data'

-Automatic synthesis condition determition by Bayesian
Optimization

-Full closed loop system to find the condition

-One of the system which is linked to automatic
characterization tools.

;U Synthesis

Crystalline quality
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target ion
periodic atomic z z
table atomic mass mass
crystal | o mperature | tomporatare
thrmodynamic| liquid bolifig Bafing
By temperat.ure temperat.ure
- evaporation | evaporation
heat heat
binding energy| crystal hiva ?f
formation
crystal | vdw radius
o eng atomic at(::r;]\lrcai'j:tlus
space :
radius
dansity crystal density
; : ionization ionization
inEtee aromnls potential potential
energy ,
crystal | work function
incident £
energy

Theoretical parameters
(Yamamura &Tawara eq.)

lon_melting_point

0.0077

ion_boiling_point

061

fon_evaporation_heat

0.0048

fon_vdw_radius

ion_atomic_radius

0.0154

lon_covalent_radius_slater

0.0123

lon_first_jon_en

0.0316
SYmax
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T
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0.0021
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Descriptors for Machine learing
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Idea of Materials

Virtual géreening
by Machine Learning
Deep Learning

Vno,oom

New Materials
5 Discovery

Real Screening
by automatic

high throughput
experimentaton /

How we can handle “ Data”

NIMS Data Platform Center
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How the next Genereation Repository
should be ?

MaDIS

- NIMS MATERIALS DATA and
INTEGRATED SYSTEM

Emes) \E=) ) s

w% Experimental data from
f‘ﬁ"‘_ = nanotech platform

Deposition

(data flow ) Use ( output)

-w_ 3
= _&Ei
.:f" ’ZL! » .
9 - -
W

Researchers

data

Data Plat Form Center



“Smart Laboratory System” from MI to End: One stop Lab

/ Calculated data set NIMS Smart Lab

Reference Data

@ Automatic @ High Throughput @ automatic > S

MI for Materials Common measurement Magnet
design : XRD, XRF I-V Dielectric

> Catalysis

Systematic flow from MI to Characterization

g - Device
Machine learning tools > Fabricatiomn
Simulation tools

Points :
® From materials designh by MI to Characterization=> One Stop

® Automation on MI, synthesis and characterization
® Common Data format+data accumulation
= > Reliable machine learning => merit for users




Why we need “ Smart Lab. System”

Devil River Death Valley: ]
most Risky phase Darwin Sea

< > | missing phase < — >

0 S-year ™ 8-year “11-year 15-year 20-year

Stage 1 Stage 3
Basic R&D Manufacturing
technology

Materials Informatics Process Informaics
e

Materials Informatics Challenge: HT+Al+Procss

Data Driven Materials _

Design *High Throughput
Experimentation

Japan : NIMS Mi2i Al supported Robotics

US: MGI Al assisted Process
China: Chinese MGI

EU: NOMAD at al.

Smart Lab. System manufacturing



What comes after “ Materials Informatics”
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The roadmap for Europen electronics is about having sironger European
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chain?
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' Design tools
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ki, o testing and pooduckon | .

INC11: from the
Presentation of Peter Simkens

o Al

Materials Informatics ® Open Hardware
Of EU program EXCEL ® automation

In HORIZON2020 ® cloud _
manufacturing



HEOER 1 : Materials Innovation Factory at University of Liverpool
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Accelerate Materials Discovery by “ Smart System”




summary

O Data driven materials science will be the
major trend in materials science

O Fusion of vertical screening by MI and
high throughput experimentation will
accelerate new materials discovery

O Materials Informatics as a virtual
screening will be developed to “ Smart
system” where materials design,
synthesis, characterization
and data storage are automatically
go all out.



