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The Materials Project by the numbers

MATERIALS REGISTERED USERS DATABASE ENTRIES

154,718 385,000+ )

=== Charge Densities
T EXAFS

500k

0
2 T XANES
E === Tensor Properties (Elastic, Dielectric, Piezoelectric)
Y 400K Density of States
INTERCALATION ELECTRODES CITATIONS 3 T Band Structures
% 300k " Molecules
o === Crystal Structures
4,351 19,000+ 5
o 200kq
a
E
3
Z 100k
MOLECULES CPU HOURS/YEAR 0= = . . : - . ; . >
20112012 2013 2014 2015 2016 2017 2018 2019 2020 2021
172,874 100 million Vear

< 2% 8 > The Materials Project 7] &

% &X : https://next—gen.materialsproject.org/

Community
Building

SYNTHESIS

st'é’.'ng INFRASTRUCTURE KNOWLEDGE SHARING @gg—o D’;'?;l';';g‘e;t
High Theoughpu . Il}]t_a
arin;
THEORY/MODELING CHARACTERIZATION ’
~ MATERIALS INNOVATION PLATFORMS
PARADIM | g bt @g%?ﬁ@‘ﬂ@? @eclycomip
< 1% 9 > Materials Innovation Platforms

% =X : https://mip.org/

* SR 4702 ZRHE (EUE) 29 S22 '1690 2x1& 2 ALY
(2DCC-MIP)I M2 °._|E-|ﬁ1I0|ﬁ MEBo MM 4 WUAZS st ZHE
(PARADIM)Z & & & AAERA2r 2080 FIIMo 2 HIO|2EE|IH &
S¢g sist Mz A %/ﬂE(BIOPACIFIC)ﬂf =2|3ASE L &M XISEE
SEE st= EAHEZ(GlycoMIP) F&I

_31_


https://next-gen.materialsproject.org/

o (Y&) 194 =7} 4k AAE ZrskE 28 A2 7l el vl 4]
vt o]y M E| B (Future Materials Exploring Initiative)* & W3 s
o, 84 vy LN EES el A A K3 (Materials Informatics)

sk elov, wulolel £4, 71 A S4B dole] ez 23
o

N
-

)
=
=
[S)

_E

« (3CH FZDH) @K 7HY w9 o, @M= 28 MU H2HZ H o,

OZd Hof =t

% =X 0 S&T GPS(2019). [0|FE2M] 1285 U229 Ojef A 7He Meknt
INPNZ<!

o (%) Horizon Europe(2021~2027)*S W3, #AFe 2dg, )
A=
[e)

S =3 = = O
294, 20 54 57 5

o = H IS}
o e ] L&A gk 279 F 2 of4F HA
DY YU == , EUL| u&t7|= 7[dEk &l

* FEAREU)S M9
A

=
gt

oM T.
oY
fob
11

H AL M E SHZ

** Furthering the development of a materials acceleration platform for
sustainable batteries(combining AI, big data, autonomous synthesis
robotics, high throughput testing)(Batteries Partnership)

¥ X =0 HX[ 7= 7R (2022). Horizon Europe(2021~2027) EU ¢
THEAM D208 - TVIFHSUSI|E SHMeE

_32_



HORIZON EUROPE EURATOM

EE—

Joint
Ressarch
AN RE SEAF Center

T —T——

* The European Institute: of innovanon & Technology (ET) 15 not part of the Speciic Programme
< 213 10 > Horizon Europe TZ 13 FA]

E.
-}
=
[
o
i
2
i
&

_33_



2.2. A deoly " Al 7|4t AF5F £4
92.2.1. Fu Ea

O &4 dFdleleE A2 &837] A7 Ag-FAA =, LA
HAaAW ALY, &A dFH ey SRF TFHA, A 7 &
A &A el AW F

ol HaAwE] A (7B S, 15~24)2 T
Fguoto] 7|E LAellH & F e MER =4 Ve T
nlef A v g oA A SE FRE A Ag ez, 1043t

Z 2bgdn] 3,066 FEZ 2878 AFwt &9

Qf X
AT BA 2= ICT oK, 012tezt Z2A% '
% (R TH) FIAEA MADE 7|SM So|am 2H GAT(15-21),
B 0IR — K AFSELS 7|k ClABao] MAIAK HL(16~22), ZH s}
8t oIX|L0j 7|4t SXISEA 0|SHH A MHL(16~22), THA| HE}
SH Jutel A|Zt SRS 4K HL(17-23)
o|F T3l =i, 53 oA e AHE FE Folu, doly &
= &3t v N oA 37 (R AA - EA B F R A
QA 5 B 3o Q1T A} ol el alrke abvk £
A AFdely FAZT (VA TH, 20~27) A& oAFoE
525 9 AZE ¥obA 332 slw WAA AU Ee] Y
Aghol whel 20 F-E b &) AFdelH Faot €85 ¢t
UE a0l A4, 224 59 o
ZYPE 75, e aA AFdele FAAR, 7 R&DAF dlolH
+7 W BREL QDIE 313 sl zelel 7, A wReloly EE
s} 4l 'EE A9 Al 28 Au|x 7)HE ule SO A FE F
Qe QRS 20 B8 g Aul s Aol Base] F4
= dlole e of FEFo g gl ofd WAl AF FA 7o oA
4 BE S BANS AT AS



27 Gl ol e HE]
2= FERNE- ST AOLE T 27 DER () K]
cil O Ef AlEf ol Ej A1 E| e O E{ HE]

23 HTH0E 58 N HEHHolE BEN 'iil ST oo BEs 2N AME 2T
= HFEY A HEBEST HS

ns
HEE HHEA UIXE 2%

E_
LEEoE A g0fE WO E% AEAARUE-AOE CQOfE] masFpalst g
e W HOEES B son IS B 6,

23 HAHOE] =RE

‘O B ="swae| %
@ #ﬂﬂw%%! o e S e

© HI0|E{E A s = 7 A
ol Aj2tet 7 IS Tee l: -" e S I
i

=
= - LA - =
i i [ 28 aeEsd I‘" b e
@ BRI 2soocoe e nums seiac 2 ors 2maix 2 gatos M2 ﬁ |
< 2% 11 > &A d7dels FHF Av& fdx

¥ EA WIHER EEALE(2022.05.19.). &K AFOH0|H A -2#ES <

‘=7t &% Hlole{ AH0[M(K-MDS) 2&

1 oojE s (55 AezuanEs 71 2 e
| i L

gl

o Al 7|8F =oA Z2Ax(AA, 20~ '27)= A7 sL I v r2EZ T

A = (4H]

=
SAs(ADE 7I8t22 87, Mz, 87t S S8 HAE S& 248 0|2
A
o

% 0l
EMO AUAXI(70%) O|AES TIXl= K|
w OJAO| X0 AAEXZAES HIIsH ZAEE =0 Z{2 =, ol 2He|E| L
HZI 2 HHE{2| HO|AE HErslstl, X2 S= Al S oMM E 2
s He =z 7Ly
ik 0| SM0| =2 0|22 717 IAH MENMZE, =2 X2 & oMM E
StEE = Qe ol 2EZ|E|E MOX MXE Hesi=d 2R
- AT Al 71$% sk @, £A9) A, Ax, 24 Y
7t AL olg2E B Al BAEXE TF

_35_



—
=
°

>
10
1]
0z
fjo

Al 2|8F 24| A3

ExhxE ZUALT A rc

qurx-l.\_,.;_l HH 245t

=2tas

< 2% 12 > Al 7IdF 294 &4 A Ad=

% EX : Forbes(2022.5.23.). [Z7|A|AE TZ2HE] Al 7|8t A K|
MY 0]¥= W=, https://jmagazine.joins.com/forbes/view/336123

o] 2ol AFhelr) &l T (KIST)ES 2017d3E] Zu) 8 A7
arlel el Z1ASHES B AsA AAE AT V)2 A S
Foln], @3 51etd LU (KRICT)S Sfatujole o] 54 FHUE 75

Blebaa] dolel A Fo £A oS3} oo

Sk 3
A A AT ATE 83 &AL ATl WA S THX o Es)
¥ F

_36_


https://jmagazine.joins.com/forbes/view/336123

2]
=

=204 9
o, T o x| - A F3) A E=(Total) @ &4 ‘Al 7]HF &

A AN AL A (ASMD, The Alliance for AI—Accelerated Materials

Discovery)'

s}

&
Y

o LGA}o]

o

i)

K

il

B

Ho
Mo

4

}

T

Al FRkel] thg

=

=

MAH

Cl

ok
}od AI

°

—

—

2

P

FR

=

o

__I.L

2

o]
:

—

IO

=
B

=t
=

=

o
k=)

1AH 7t

=

d dleoly

=

THAMME(2021).

—_
o

_xrl

zel
L

Yl
i

_—%l

nze)

_5#1

o
— AR E Fof

163

bol o nr}
TG AI Talk Concert — The Best of 2021; 2

3T

=

°

o

9

1

k=1
I Of2H. https://www.lgresearch.ai/news/view/?seq

=

]
X

=

=
=0

4

S

OLED ¢~

o Al
(2021.12.14.).

=

2|

L

-

AT

o
LG AIg3T22

A LG Al

=]

1

T

AF
=

i

0l

om, AR AT 27 20210f 4]

[ETEHA] Al2F AxH 1t

_37_

=

D MAAIE(2023.10.4.).

|
A2 7|th. https://www.etnews.com/20231003000033

FAIZEOA o

—

C|
=


https://www.lgresearch.ai/news/view/?seq=163
https://www.etnews.com/20231003000033

oy

ze)

wir

X
e

A

°|

DFT(Density Functional Theory)<= A| &4

Al
7}

|

-

Aot bsete AR BATEE A

e

A7kl Azl A

< w7

s
=

=]

|

.

5t

°

o

]

3L

B

=
=

, "leolE

Al
Y

ajo

o], wige] A dAel &

1

ol

o

(M AT =& 2021] ME=2 2% 7Hof

l HE=A, tlx
D AIEFRIA(2021.11.01.).

!

A

=

ofH

AlZt,
https://www.aitimes.com/news/article View.html?idxno

o

-

ol

i
Ul

141300)

_38_


https://www.aitimes.com/news/articleView.html?idxno=141300

2.2.2. %9 T

ol sk @ Ale] wlebdel WA wEoz A
YA ABE Boh mEFeln Y
AT FLY we] 1Y) A F

Ag s}, Eeld, s, AR A3 TS SUW G e Yo
F7k F4)

WA ed dueFe BEs] AE E4E ST /)T dlole]
HEE Aoz A2 ARE WA AL} 28 4538
L 2 s

A ol A ZEA A HES)

tlo|g o] AT ofvet 4, 434, FAIR+(Findable, Acce—
ssible, Interoperable, Reusable) € &5 R AsH7] $gk A2+
gl a i =

* '16E Scientific Data®l $EE =

= ol
=5t, 845 251, MAIRRE = Us ML A|2HS S8E X

% =X : Wilkinson, M. D. et al.(2016). The FAIR Guiding Principles for
scientific data management and stewardship.

O AFY EF A5 7I€S $F55s 245y oA e dig 94
o A 712 AFE A EviE A(materials informatics) H& %

11;1

oM MAIE 21%lo2 Ho|HE 31, ©

’

=
FFLF, AFA, A, A Fel Lokel A A $91F Hu o
chepat Aol Aol AE AF o5, FRY L9 AAe] 9l
NE R &g
AE AT dold Fel, £ A AF e L A} o S5E 9T

Al 7|HF A8 FA:F s FA
* Citrine Informatics, Kebotix, Schrodinger, Materials Design, Al Materia,

Uncountable, Mat3Ra, MaterialsZone &

_39_



< ¥ 4 > FAIR 93

FAIR Principlel) 2 1f5} H|0[E{2] RHALBME Fxlotm 370l CHSH F=Xl+2lS

=Stisisp | 2ol ME=IRASA fHE DS 3 AHHES!E 40T S2M F28)3)

Findable (ZAH 7}S): CI0|E{= AR HAFEH 25 2H 32 5 U0{0f 5HH,

=Mo| HES5HH ™M2|=of A0{oF st1, HIO|E{HI0|A2F Zo| HAM Jts

st 2|0 S2 2

HIO|E{#H|0|~: NOMAD, Material Project, AFLOW, OQMD2} &2 Zai

=2 ME|Z|Y Aol CHEE A4 HI0|HE EH ZME = JAEE M

I AEXE THE HI0[E] MEo| 0F AEXIE Sl e8Mo=2 M Jis

HEtH[O[E]: Cllo[E{ofl CHEF =74, diH 2 J|Et B HEE XbM|5| ™6t

= XZs HEH0|E{E Sall HI0|E] MEE Ma&keH M Tts

Accessible (H24): HI0|E7} YAEMH 5FsiEl S84 Z2EEEE S

A HM A = Aofofstd MAESGH eIE & A

Hlole] Hot BA TR

DE HMA ZHE: B2 0|LME|EE H0|E] HMAS 25t HElstn BE

slEl ZEEES S8l olo|E{ol| CHEE 7HEE HMAE MS
gt £04: 5 0= RIZSHAL SEMY = UK HESGH

el F0{E Ssll UM~ 70| S=5/H SEast & glo| ool A

HM|A~EE o= Ql0{0} SIiCh= J&| 24X

Interoperable (8% 2&4): H|0|EH= HE HI0|H MESt S S&&E1

Clole 2, M& & XME2|E <I8t ofEZ|H0IM E= HIEZUM 2

MBS B2

=FslE olole] &Al 5FstEl gAlg 2= H0|E= CfE ol MES

o & Sgotn x8tstod AFE7HsY)

013 & REZX|: F8 ME LU zHzl 2EZX|(EMMO)2} Zo| &2

7 03| 2 Sslf Clkst MEloM HIo|EE A ol AFRIIESS)

ool ME ZF &3: MZ C}E ojo|g e ZHd AEME S8l 2rt

SEA™o|T MEMR M Tt

Reusable (FHAFE 7HS): HIO|E{7} BFsHH| 71==01 AlZH0| X|LHE O 7K

£ SXIsHof 51, CHE o7 220 AR 7Is 2R

HESE 2lo|MIA: o0 ME= AR B, = 2 MAESH Mo chst

ol
N
do
_Q‘I__I
r
1

]

o= al
—_O =~

OH

st
tlolEf X1 CIOIE{7E O{EA MM, A2l ASSUSK et e
Chefst AlElOIM IR} OHBED MABE 5 USE 2

_40_




e

2

O AuFdaT4 2 gate R&D AxetE: Bgote] thobd &
24 QR doleuols 75

O Materials Projects= =8 AF4AE59 7 AFTE FHAH+xE &8
sto A4k HolH W duE|ES v|ude ¢ e SEE AYPS 5

NE A =4 dtolHuolA T

« 2HA HE2| FRIET AL NERSC it HAFE MEL AM A7 BEME
FEo2 23 E[X| H722| OLCF, 0t2& =747 42 ALCF, AiC|of o]
1 CHEtel SDSCeIE #es| &d
- BE %7 A2e 54S Adetm dole B4 U FuelFg
AgAA FEE A
- e g W A7e] £8FE HEE AMACE A b5l
Fo SR AFFoEA N2e BAS WalE o Bed A
e B Ao BE
~ EY9Ee dolHE Algate] Ba XA, ARAl, BE0, A7) A7
9oy 5 orhd S8 PolE LW WS MBS AA A
% EA B4 4T
w239 98 T7IE, 150 4F Ao &% AMU=EM MS, 388 EH 0|4 AFEXRL
SE, 1898 7 04 molg MH
- mzAEe] AU v]F oA H(DOE) BHatFe) 7% uiA

1) https://www.go—fair.org/fair—principles/.

2) Barker, M., Chue Hong, N.P., Katz, D.S.et al (2022). Introducing the FAIR Principles for research software.
Sci Data 9, 622

3) Scheffler, M., et al. (2022). FAIR data enabling new horizons for materials research. Nature 604, 635-642

4) ¥ 3= Crystallographic Information Framework,https://iucr.org/resources/cif), Core Scientific Metadata
Model,http://icatproject —contrib.github.io/CSMD), NeXus (https://nexusformat.org/)

5) & 83 NIST(https://data.nist.gov/od/dm/nerdm/), Materials Ontologies RDA Task Group
(https://rd—alliance.org), EMMC (https://emmc.info), OPTIMADE (https://optimade.org),
FAIRmat(https://FAIRmat—NFDI.eu/)

_4"_


https://www.go-fair.org/fair-principles/

[e)
o MGI9 &4 Fx 71 23871 AFL(NIST)S A= =
A H

H dloly A tezs 2 FF3 #ut ozt dFA AR E
S

P
— XA el Materials Resource Registry~= & ¢l
dolg] ZHM, T LT ES o] E Au|xe A

< X% 5 > NIST #8 to]ejn|o]~

Glo|E{ Hjo|A =R s

. ) HIO|E| MEZS S&2 4l ZHAjsen}
Materials Resource Registry

tpsy/matenals.registry.mst.govy 1 ZAE = oz = mEE offt HA|AEZ

MEZ ool S/ H MAREES ELsH| 2lgt HE o|o]
5

NIST Materials Data EH|O| A2 ZHH QI Fel0|/ME HXIX| 22 Hlo|EEIZ
Repository CIE AR AREE = JUEE NS

(https://materialsdata.nist.gov/) | % ZZ MH|AZ MZ%= 0| H0|E{o| CHEl NIST=

Mot YSE HAIE
a1
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Materials Data Curation
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(http://trc.nist.gov/metals_data)
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g M8 ool X
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(https://phasedata.nist.gov/)
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MATERIALS

DATA Home  Publish  LatestNews HowtoCite  Support
FACILITY €8

Asimple way to publish, discover, and access materials datasets

Our Sponsors

NIST  CHiMaD

[ Publish Data { Browse Data

Publish Data

@ @ ®

Sign up and Join ;fﬂ Collect é Publish @

Collect data, preferably in openly
Create a Free Account formats Publish Your Data

MDF Supports data collection from: local

Already have a Globus account? computer, Globus endpoints, Google Drive, Python Tool
and HTTPS accessible data (e.g., Zenodo, Y N
Join this Group

Figshare, group web server)

< 1% 13 > Material Data Facility

Interfaces Data sources
(1) Submit Web ‘ —— &
Programmatic | ______| 22 Dropbox
REST API and
(2) Enrich 1 User Request ICollect
Extract: Transform:
MDF * Crystal structure * File format
+ Compaosition * Representations
Connect | g, e ies
+ Other

(3) Dispatch 7 ] > e
MDF Publish MDF Discover \ ‘\

+ Support for large datasets > clouﬂ-hosled metadata index

5 S
« Persistent 1 - capabilities > E
ol o = Access-controlled searches [[[ NIST MRR ][[[ ]
+ MDF Forge client / REST API

+ DOI for referencing
Other community data services

dpoint for

< 713¥ 14 > Material Data Facility A¥]~& 7| &

¢« &X : https://materialsdatafacility.org/

F5 ol2 T 7 A el w4l el B Al T, A4, AY
2 35 ol WAS 93 ZE Data Learning Hub(DLHub) 73
= k'3 1 F2 A9 t}hE A2y dg| A} L7538
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https://materialsdatafacility.org/

— DLHub+ Zeh¢-E, S812H, #3AFHE 23 vhafgt 24k F
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Ag d=zets AF

| cu ]| sok |
| REST |
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I ﬁ ' e g F“’m oM |) endpoint A B}
Model Publication ™ | | : A1 T
Ham Mode! Search ' = _ﬁ’__ﬂ Endmmm
Msnaguect Sirside || funck Service _'Lﬂ endpont s €Y

< 1% 15 > DL Hub &

o Automatic—FLOW for Materials Discovery(AFLOW)+= t}ofgh &
Zhel Al e a2 el A, MrlAs 2 JFAE FREE ol W
AT AL Agxo 7 =37
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— 77| g3t=o oFA 4, &2 2 '3 EAe Wi deoly, 54 &
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L AT o|YME|EE T4 T Sl “collaboratory’E F 3

o The Open Quantum Materials Database(OQMD)+= =29 28 o
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dodety 4l Fx2AH A5 WEH eS| E(Density Function Theory)
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OQMD Home Materials Analysis Documentation APl Download

The Open Quantum
Materials Database

MendelIB search AFLOW-onlil

The OQMD is a database of DFT calculated thermodynamic and Shortcuts

structural properties of 1,022,603 materials, created in Chris

Wolverton's group at Northwestern University.
Search Query
Material Materials Data
Compostions
1
/\ e”
D2

Th AFLOW Prototype
ncyclopedia with over
HOOp ototypes

Con HULL applicatio Bocurneniationor
for thermodynarmic AFLOW Xumenatonter d
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AFLOWx PAOFLOW
Download and Download and
documentation of PAOELOW documentation of

o "7 AFLOWa PAOflow
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A7 2 xS A AHEE AR AL W R Y SR
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als Science(PRISMS Center)7} +% +% %

— AE AFAEe] Ay H A AE dolHE FE5lE AA, It
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« HE MEAL 7|2 Hlole 220l X E H0|E, H=

“® Materials Commons 2.0

Materials Commons 2.0
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A site for Materials Scientists to collaborate, store
and publish research.

s or publish online.

tore you or it
Upload and Publish Data Browse Published Data

nsive CLI and AP, Learn more about

Materials Com

« Mat
= | SCIENTIFIC WORKFLOW

Access Anywhere Store. Share. Publish.

< 1% 17 > &A AR A 2" A2 Materials Commons

% &X : Puchala, B., Tarcea, G., Marquis, E.A. et al. (2016). The
Materials Commons: A Collaboration Platform and Information
Repository for the Global Materials Community.
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2l 3FRE I o] Aol o}A] FAEA ¥ AME do|E ol A
« CHHAL X o & Al 2 12|F AlphaFold(Google DeepMind)E HIX|AZ

5l04 UC San Diego A7-El 7H&t

o NASAol A= v &F¢F 2 &F A AH 9
3l B &S A7) 9 A E LU AJAHY B
o] A3 o5 AT +3

— xﬂi t)l_l /\]_/:EHO

H
sigk vle) A ATE 5

_47_



X 6 > NASAS A #&H 2040 v]d 2=

Vision 2040: A Roadmap for Integrated, Multiscale Modeling and Simulation of
Materials and Systems(’18 2tH)6)

HIA 2040 O|LJME|E = Integrated Computational Material Engineering
(ICME)=0| 2|2 = C|xlol o|eiz2o| Zuiest Mslo| AUstoz |2
HARUEIE MEE MAsSt= 272 MO ME XME MAst=
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* S8 M4 ME SSHICME)2 tfefe 20| 2 Lo dEdez HF
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+*" P ¢ Internal "%, Properti €tfor,
:.. (E-“-T/}, N\ Structure o* i ‘ES/ ”70/,(9

v, 9 ~ wst

llllllllllllllll - —— —
Design “The” Material | Design “With” Material
L~
[ S E ﬁ b

Continuum

Composites

Metals

Quantum  Atomistic Microscale Mesoscale Part Assembly System

. . Handshake via
Micromechanics / Constitutive Model
Statistical Mechanics
— >
Molecular Dynamics
G ——ma

Quantum Mechanics
—>

Continuum Mechanics

[FTH ¥ 2

[ 1. Models and Methodologies W 5. Verification & Valication
2. Multiscale Measurement & 3 e
Characterization Tools and Methods . 6. Data, Informatics, & Visualization
B 3. Optimization & B 7. Workfiows & Collaboration
Optimization Methodologies Frameworks

" ’ I 8. Education & Training
4. Decision Making and Uncertainty = .
Quantification and Management [2] 9. Computational Infrastructure

6) https://ntrs.nasa.gov/citations/20180002010
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= A7 A (AirForce Research Laboratory )2t 8 2{5}0
HEZEOHM 29

Data-Enabled Discovery and Design of Energy Materials (D3EM)
SIX DEPARTMENTS « THREE DISCIPLINES « ONE VISION

Building a collaborative framework for the accelerated development of
materials through materials science, informatics, and engineering design.

TRANSCEND DISCIPLINES LAUNCH SUCCESSFUL CAREERS IMPACT ENERGY
TECHNOLOGY & SYSTEMS
Materials .
. | .o
Science NT_‘;%”: % Energy Storage
[
9 Energy Conversion
<
5 Sustainability
Academia I;:
>=8 Energy Efficiency
Reflection through e-Portfolio Capstone Materials Design Studio
Employer-driven Learning Outcomes Learning Community Energy and Entrepreneurship
See survey results: Table 2, Page 6 Faculty Community of Scholars Research on Pedagogical Impact and
Disciplinary Grounding followed by Summer School on Computational Dissemination in Scholarly Literature
Interdisciplinary Learning Materials Science
< 2% 18 > MGI 7|8t & A EFH A

¥ =X : https://d3em.tamu.edu/
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o NSF A%l From Learning, Analytics, and Materials to Entrepreneurship
and Leadership Doctoral Traineeship (FLAMEL) Q14 =2 721 £-°J(°23
| 32 H%))

— WSO A HAFE, &8 A E 73 Holo A7t &S AT
Al AL E FEH AAE AFoE sy 9g 7oA
A WAHE E’_z"r

ShAY ek Aol A AT AYE

o NASA2} NIST, o =29 A4
Algsh= EE:L%E &3l dlele] 7HF AE AT 713 Al
* Pathways Internship Program, the Science Undergraduate Laboratory

Internship (SULI) program, the Science Graduate Student Research
(SCGSR) program E0| F2 AT E0tZ C|0|E{ 7|Ht RHE HAF7I} =&
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o Inorganic Crystal Structure Database(ICSD)+ FIZ Karlsruhe$
T gtel]l A" AA HWe FrIAE ZATRE deolHHe]lAr
A7 FHEE 2Fete] 1913 o]l F whaE Ao EE oAl 77
Ay Fxo E5 AT
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oM otdlE o Lofof 5ted, 70| 25| HA|Z[0{0F HIO|E{H| 0] 20
=g Jts

> 281,000 crystal structures
>216,000 > 38,000 > 26,000 ~ 27,000
expgrlmental metal-organic theoretical derived
i structures structures structures
structures
5: ::;?S?E > 135,000 > 1,600 > 100,000
authors journals articles
types
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Traditional Application New fields of application

Aids for qualitative Prediction of
and quantitative = % structures and
analysis materials properties

Further
| development of

Search for
individual
structures

methods

GFIZ Karlsruhe

< 1% 20 > ICSD &4

o Crystallography Open Database(CSD)l:— °d=r Cambridge Crystallog
raphy Data Centre®] F% 3}oll 1965W R A% AA FHe 5#7]
= T& dolEHo| 2R AL /7E FAEC Y a5 —F7E 3=
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- TEE +9EHY golAls AR A, dlo|E o] ARl o}y
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- A A g L el 5o
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~ o’ E B
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1,278,345 1,248,804 485,137 584,878
B E B B
54,544 1,146,891 13,426 177,918

< 1% 21 > CSD9 5= AR
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O ARCHIVE

- Moderated repository O LEARN
- Long-term storage ;
l - Lecture recordings

- DOIs
- Tutorial videos, slides,
MATERIALSCLOUD | - @' course materils
o o - Interactive graphs
AV e Q of AIDA databases
LEARN WORK DISCOVER EXPLORE ARCHIVE - Raw data + provenance - Simulation tools
(inputs, outputs) and services

Built for seamless sharing of resources - AiDAlab mlthe cloud
in computational materials science. - Curated datasets Or on premises
- Tallored visualizations

< 1% 22 > Materials Cloud 1 &

o] =2 A E o u]H"10d FET MARVEL Flagship®] A2 & A]=
glolor 13 292~ =3 3shal st SNSF MARVEL NCCR, '15W H
2020 MaX Center of Excellence(MAterials design at the eXascale*)E &
sl A5}

sxfet njele| nMs AFE(HPC), IXE|2F AFE(HTC) % Hlo|E &
M 7|=29 MMM fE ZEE, A[ZH0(M, YA Y HAE XJst=
S8 23 ME{ (European Centre of Excellence)Z A 22| 22X} A|E8| 0|
M 20toM 71HE MBXo|1 de| AIBEsE 2LE &2 HRFLUE ZEE Y
AMaAY & 26 &3 M52 E ME
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Algy, do]E] mlolyd 5 AIS &&35lo] oy &4 2 4
g2 £3S 9213k NOMAD Al ToolKit 713 & 4]
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E3lo]x)ol A= NOMAD Al ToolKite] 4| 7}
Powerful Artificial-Intelligence Tools for 2 B A4

Materials Science — NOMAD oplo]re] el Fa)(m Ba)
A

Find New Patterns and Information
in Materials-Science Big Data — _1;_7-01] r,H -@_} = EE] og

— AN Ae] AT 2B el s
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20144
NOMAD Repository
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[1 European Materials Modelling Council(EMMC)S FAl°o 2 su}t
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AlE FoRL SUHF A2 0|F
Ll= S RSN 7 23 8l ATERoe] 718, 1l Bl wiset B AM
TR 71 ME2 XA, ®E A2 718Y
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o ZelEs ¥ AFAE FA o7 433 MarketPlace(Materials Modelling
Marketplace for Increased Industrial Innovation) EZ A Esx= 3}H 5}%]

e A 2de 74 94% 54, £4 9 EqetnA 407

7) https://www.the—marketplace—project.eu/
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The MarketPlace project

The key capabilities

’pn e o [| > Search models, data, expertise... | O\} )
K.fExP'OTG - Interact —> Create -> Execute -> Curate R.ﬁs

Explore: Search data and Interact: Get advice and Create & Execute:
knowledge support readily develop & deploy
il s -5 Training and Workflows D LA
Models ﬁ Education - Builders and T
Data Executers

Software Tools E Expertise — Integrated Open
Discussions 1 S Simulation
S dden
: 4 ) |

N

and User Platforms
Feedback

Benchmarks

Databases of
available tools
Modelling App
Store

Validation Data =
Translation

Services

The MarketPlace Platform
Fundamental concept of the MarketPlace Platform

B decentralized access to applications and disparate Enabling more transparent access to, and
databases vigorous utilization of, materials modelling and

materials data for the European industry.
B control and management of the extensive 2 Y.

materials information
B data and knowledge scattered across Europe and beyond
MarketPlace =

@
@Fraunhofer 6
—_— 3
2O ol
@
\

S & >
@- @ Q/Aré
Sy
MarketPlac /_/

MarketPlace
@YourOrganisation

!

- RESTful API
, B -
*a

MarketPlace

< 113 25 > Materials Modeling MarketPlace ZTZAE %2 ZHPEZT /| 9

¥ 0|20 = ot EY 0|22 AT 22 S AU REEX| LS st ==

22 SimDOME, ReaxPRO, OntoTrans, OntoCommons, Dome4.0,
Optimade &2 ZZHMELl A

[l European Materials Modelling Council®} HORIZON 2020 x|

slefl &x 2 As 84 FAS AT 2EEA JNE, 4

ZE3 § ZRAE b 74
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CHINA’'S FUNDING BOOST FOR MATERIALS

Engineering and materials science have received, on average, the second highest
level of funding from China’s Mational Natural Science Foundation since 2001.
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1.0 crisis by increasing
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16) O’Meara, S. (2019.3.20.). Materials science is helping to transform China into a high—tech
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17) Xie. J., Su, Y., Zhang, D. et al., (2022). A vision of Materials Genome Engineering in China.
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— Platypus TechnologiesAte] H,S 54 7}~ wearable AlA]7}
sl 7ol AEEe] A= AEstE oS

— 7F&3kEl LC AlA oAkl A sl w2 59 LCot &
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YA Chemoresponsive Liquid Crystal Research Database

dl o] € @ Cornell University KENT STATE. WISCONSIN

sssssssssssssssssssssssssssss

Generation

In this Analyte Analysis Page, we summarize the calculated Generation 3 (Neutral

Anion Model) displacement free energy (in eV; 1 eV = 96.5 kJ/mol) of
X (VX) to 4 (5CB), mesogen PM), and

. PD) with the e results. Details of the and can be found
Experimental
Cation Anion  5CB PD 2 Computational Method
Al(3+)  CIO4(-) -0.86  -049  -0.70  MO6-2X-D3/def2-TZVP/PBE-D3/def2-SVP  N/A Published  10.1
Cd(2+) ClO4() -0.48 020  -0.36  MOB-2X-D3/def2-TZVP/PBE-D3/def2-SVP  N/A Published  10.1021
Co(2+) CIO4(-) -055 015  -0.30  MOG-2X-D3/def2-TZVP/PBE-D3/def2-SVP  N/A Published 10,1021/
Cr(3+) ClO4() 056 019 036  MO6-2X-D3/def2-TZVP/PBE-D3/def2-SVP  N/A Published
Cu(2+) CIO4() -045 006 024  MO6-2X-D3/def2-TZVP/PBE-D/def2-SVP  N/A Published  10.1021/2csami.0c05777
Fe(3+) ClO4() -0.82 022  -0.39  MOB-2X-D3/def2-TZVP/PBE-D3/def2-SVP  N/A Published  10.1021/2csami.0c05777

< LC Hbg-A tlo|Efu|o]2o] L& >
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FAR Associates
2-kW Multi-Mode

Fiber Laser Optics
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Integrated research drives the creation of materials knowledge for

X
A= clean energy
aA | W, BT 4
— 344 QI8 sjube] oA FFel F7b Sl glow vy A 9
| A RS Feeka S ke oux 3 Wa
=0 = Ee A ﬂlbixli—t— Aol 3 A8 AUAE &3] s
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AT Joint Center for Artificial Photosynthesis (JCAP)
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Engineering predictable behavior into GaN devices: An approach to

A= ) ) o
accelerating design and optimization
vy GaN device
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GaN on Silicon General Purpose Amplifier MACOM

DC-2GHz, 48V, 100 W

NPT2022
Rev. V3

Features

AR/ =R/ « GaN on Si HEMT D-Mode Amplifier
dlo|E] o Suitable for Linear & Saturated Applications

o Tunable from DC - 2 GHz

o 48V Operation

+ 20dB Gain @ 900 MHz

o 60% Drain Efficiency @ 900 MHz

L]

[ ]

100% RF Tested
T0-272 Package

RoHS* Compliant and 260°C Reflow Compatible Functional Schematic

< MACOMAFe] GaN—on—Si HEMT >
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Structural pipeline

Compositional pipeline

Repeat for rounds of active learning

< 18 40 > A2QgNE 93 2= o E Y A (graph networks) &

% A ¢ Amil Merchant and Ekin Dogus Cubuk(2023). Millions of new
materials discovered with deep learning

[0 A4&A)8] 2&5F¢AS e ASAEA 9 A
7}, #7g
o AlAaxje A AzElY STof AYA Ad JHe AAE Fol7| H
3 Ao A, F7] £ (inorganic powders)?] A &AL 93 A}
A

= AgA(A-Lab)= A7
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Predict reaction path
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Suggest
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Powder dosing Characterization

Raw diffraction pattern

recipes
P Structure

databases
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Phases

ility (9
Predict phases Probability (%)

Products O O O " /
AAAAAA AR Confirm by
Update: § ¢ ¢ o & 7 1 1 i i refinement
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Recipe optimization Phase identification
< I¥ 41 > A-Lab= AH&3 A& A &4 2A

% &A © Szymanski, N. J., Rendy, B., Fei, Y., Kumar, R. E., He, T.,
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