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What is MI(Materials Informatics) ? attracting Tomorrow S TDIK

data

. Ml is a tool for materials development

109 Number of known materials
New materials

1052 Number of unknown materials®
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“Materials Technology” X “Information Technology”

microstructure -> Materials Informatics

Rational design of materials can be

Rational material design is essential to develop the performed by utilizing MI.
desired material from a myriad of candidates.

*) Y. Orii, et. al., J. Photopolym, Sci. Technol., 34 41 (2021)
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Overview of TDK’s MI

Value Creation Cycle Medium-Term Plan

~Accelerate DX and EX in order to realize 2CX and create value for a sustainable society

Contribute to solving to social issues
and become an invaluable presence
» Digital Transformation (DX)
» Energy Transformation (EX)

Become a highly regarded presence
in the world

» Customer satisfaction

» Sustainable growth

» Healthy governance ‘

Get opportunities for

Establish t gret
s\s/ster;lss wr?t?]nfa(izr:en BEDE > 589 3 gr?wlg: by pl;)wdmg
valuable products to society
on sd 9':1':: < v w » Digital Infrastructure
» RE Infrastructure

- [Digi-ToK]

2CX: Customer Experience, Consumer Experience

» Saving space & energy

Annual Report 2020

TDK’s Desired Digital Management

* Timely supply of product information and discovery of potential customers through the utilization of big data

« Digitally linking separated operations and creating inter-operation synergy
Increased management efficiency __[_ . ; ] . - U ]
through the utilization e e — - -
« Shortening of development periods through the utilization of Al and simulation

= Improvement of productivity through the utilization of manufacturing execution systems and realization of zero defect

* Higher added value of work by promoting work digitization = Human resource skill improvement

Attracting Tomorrow @TDI(

Company Profile 2022

| cors Technologies " cors Tachiiagies | 14

. . Four Great World-Class Innovations by TDK
Five core competences for creating

cutting-edge electronic components

< #
usic multilayering ¢ > Thin-film
cassatte tapes technology head fechnology

Advanced materials e characteristics of the source material from the atom level
on up, to meet highly Control of main raw material composition as well as

microadditives is an ppre or achieving specific targeted properties. In over 85 years of

op-‘-rahon TDK has accumulated an enormous wealth of experience and knowledge that leaves

s of the material
jon on the order of
or example,
is applied for th ation of electrodes, c nd head elements on
wafers to prcdu:— HDD heads, ssnsors, actuators, and similar products.

Even the most advanced materials and procsss technology.

product development without accurate and trustworthy an
Starting from material analysis, TDK evaluation and simul
{ to s structural and therma e 2
! perform noise measurement and d i
/ chamber.

Production Engmeerlng Technology
Out:.tdndlnq i i

TECHNOLOGIES

Aim to realize 2CX (Customer Experience,
Consumer Experience) through further
enhancement of Materials Technoloqy

Materials Informatics (MI) by building original Al data analysis platform

2023%F5H23H 3



Materials Development Flowchart attracting Tomorrow S TDIK
' scientific
paper

i Pl Pyl Pl P i

The “Seven Seas” are the seven fields that TOK will tackle over the medium to long term. They are
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M I I n Itl at I VeS to Data Attracting Tomorrow @TDI(

conventional (Step0) current (Stepl)

battery dielectric magnet battery dielectric magnet

issues i issues :i issues : issues i issues :i issues

logic logic logic logic logic logic

data G data G _data_ : data = data i data

data data data
analysis i analysis i analysis : - i + :

consider- consider- :i consider- : : consider- consider- i consider-
ation = ation i ation @ : = ation i ation i ation

Hl results [ results [l results |E Hl results [ results [l results [E

\J LA a 4

The data is analyzed based on the knowledge More advanced data analysis with Ml
and expertise of materials engineer. Maximize the use of data for materials development

Materials Informatics (MI) by building original Al data analysis platform 2023F5823H 5



PaSt reSUItS related to MI Attracting Tomorrow @TDI(

casel : Application of Ml to magnet material development (in 2018)

Br 13.0
. target
Variable Flex Magnet ~ Hk J z: ® Step0 oo Result :
| | HeJ L estenl R . Discovered high performance
Required high Flux L . T e materials that could not be
density (Br) and Q . obtained from conventional
squareness (Hk/HcJ) . o0
@ U human knowledge

' ° o © Q.o
12.3 o2
°
12.2 ¢
h °
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12.0
Low Br | High Br 50 60 70 80 90 100

Squareness Hk/HcJ [%]

experiment data /modified data machine learning experiment

= P = @i‘@.

Materials Informatics (MI) by building original Al data analysis platform 2023%F5H23H 6



Past results related to MI

case2 : Application of Ml to dielectric

loss rate

material development (in 2021)
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' dielectric loss
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Sub-6 5G Beyond-5G
(2~3GHz) (28GHz) (~100GHz)
Experiment
High precision experiments are not possible
Simulation

Huge computational cost
Machine learning
Insufficient data

required a low-cost method to predict
properties with high accuracy
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Dielectric loss (F.P.C.)
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prediction
model

Transfer!
learning

_____________________
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Pred. of
properties

Prediction
model for
dielectric loss

—> descriptors
—> target val.

Time required to predict loss
of 2000 materials :
*by this method about 30 days

by only F.P.C. about 2.5 years

Predictions that were virtually
impossible to make can now be made.
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ldeal MI initiatives

current (Step1)

battery dielectric magnet
issues issues i issues
logic logic logic
data data data
I I I
expert tool

consider-
ation

consider-
ation

E consider-
ation

results results results

Poor sharing of data and findings.
Ml is performed by MI expert engineer.

results results results results
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from now on(Step?)

battery dielectric magnet material X
Issues : Issues : Issues iIssues :
logic logic logic logic

dz;ta
I I I

: expert

consider-
ation

consider-
ation

consider-
ation

consider-
ation

.

Ml is performed by material engineers
Synergy creation through data sharing
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Al data analysis platform “Aim” pttracting Tomorrow S TIDIK

A Aim .

Al DATA ANALYSIS SOLUTION Is - En

Aim
An original Al data analysis platform that was T —
developed to widely deploy data analysis e e
technologies accrued in individual departments
throughout the company so that anyone can
use them as well as compile high-quality data
necessary for Al and big data utilization.

VIEW APPS

Grain Analysis Data Analysis

This tool ai

Features

Object Detection ®

Free : For all TDK group employees. e
Aggregated : Data analysis technologies developed in TDK.
Customizable : For individual needs.

Easy : No installation needed.

Smart . Batch processing of tedious procedures.
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Development background future prosSpects ,....cromren £TDIK

We would like to...

® Make the technologies and know-how developed through our leading efforts widely available.

® Create a mechanism for “data accumulation” using “data analysis” which is in particularly high
demand.

Issues Commonize

- @
Sll
...

Various Aim Expansion
Algorithm Platform to all TDK

High technical skill Flexible /User-friendly Proactive

&) Aim & Al Community
U0 e imancommy @Y

We shall make the various technologies available in all TDK through Aim to achieve Digi-TDK.

»

»
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EX am D I eS Of u S e Of AI m Attracting Tomorrow @TDI(

‘ . Grain ana|ysis High-precision extraction of numerical data that is usable for Ml by focusing on grains.

. .
Input imaqge Result image Result data

AIFVIR E#[um2] B FERX(px] $1F IR [px] BEE&um] P (Simple) =

0 10.04 787 657 12.1 0.86 0.

1 5.9 722 649 14.2 0.37 0.

2 0.85 281 577 391 0.7 0.

3 4,74 784 584 8.34 0.86 0

4 27.72 465 615 216 0.75 0.

5 4.35 842 551 8.17 0.82 0.

6 32.61 645 596 232 0.76 0.

7 2.69 719 524 733 0.63 0.

ERSSL  EEum2) - i

E 12
;
= -
-3
e § f L]
i H = [ - — . —_— I
3319 5846 8373 10900 13.427 15953 18.480 21.007 23534 26.061 28588 31.115 33642 35169 38.606 41222 43.740 46276 48.803 51.330

Predicts the location N
of grain boundaries
based on the slightest clue.

Grain boundaries are
not visible in some area.

Analysis that used to take 30-60 minutes per image by hand can now be done in seconds.
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EX am D I eS Of u S e Of AI m Attracting Tomorrow @TDI(

Image g uantification Extraction of numerical data from the entire image that is easy to use in MI.

Input image Result data

Number of pixels and ratio of each constituent

B Gsusspiels (88.6%)

40280 pixels  (5.6%)

16454 pixels  (2.3%)

A W N P

24792 pixels  (3.5%)

Main constituent ratio of each parcel

The image is color-
coded into a specified "4 ‘(
number of constituents.

The ratio and mixture
Of the four components ;
Including the main constituent.

Analysis can be performed from the viewpoints of other material developers, while minimizing
the difference of analysis results due to human factors.
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Image of material development USing AIM  ,..coeromoren ETDIK

Input data Learning/Prediction Result
Feature Importance Feature Effects
' Insight/Awareness o Z i:j 4
Image analysis 0 & 3, ‘ //
Result data e @ //‘
/

508.9 /
- - /:/'
Simulation data T w073 1
- o SIS S IS

Public data
Literature data

More objective data More generalized analysis methods Less different results from person to person

Proposed parameters set @ WMeasured @ Fredicted

Expected value Param 4 Param 3 Param 5 Param 2

Prediction of experimental results can be done by using analysis procedures developed by
skilled engineers, with numerical data including data obtained from images.
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F u t u re p I an ab O u t M I Attracting Tomorrow @TDI(

Data generation

Data sharing

% Data Storage for Experiment Continue activities to establish MI utilization

Data analysis At - @ @

% ]
A Aim

Al DATA ANALYSIS SOLUTION

Increasing use case of “Aim” for several issues
e In-house production of Al analysis technology

Human resource development @

DX of development activities

Materials Development Support

User community
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