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Scientific keynote: FAIR, what else?

Claudia Draxl

Professor for solid-state theory at the
Physics Department of the Humboldt-
Universitat zu Berlin and Director of
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Materials, materials, ...
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What do we find in publications?

3.8
Table 1. Electronic band gaps (in eV) of Pbl,, y-CsPbl;, «-C<3'lg
MAPDI;, calculated with and without SOC and employir %
A tabIE? ods. 3.4 * “
3.2p *'
A figure? Pbl, 7CsPbly  a-CsPbl,3,0f S |
— 4
5 Exp. 2557, 2.485” 1739 1677 > 2.8@m * * +
A structure: PBE 2.20 1.58 12 26 |EXP-l [ o |
f - PBE+50C 1.51 0.63 0. § 2.4 * Vo
A few numbers? 3.54 275 2 55 L
2.92 1.86 127 20 4
2.89 2.13 175 18 :ex)citing :d;
2.26 1.25 C a e
1.6 (b) (f)
2.96 2.17 1 (© @
2.35 132 C L4 - -
' ' 0.0 01 0.2 03 04 0.5
3.56 2.84 a
2.99 1.99
3.32 2.54

We never provide all information!

%) Ref. [22]; KUrE 23] ) refs.
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' Raw material of the 21t century

Turn trash into a gold mine!
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A bit of history

2011

2015

2016

| Feb 6, 2015:

scientific data

Explore content v About the journal v  Publish with us v

“... That data underlying
scientific publications
§ are not available for

nature > scientific data > comment > article

Comment ‘ Open access ‘ Published: 15 March 2016

The FAIR Guiding Principles for scientific data
management and stewardship

Mark D. Wilkinson, Michel Dumontier, Jsbrand Jan Aalbersberg, Gabrielle Appleton, Myleff

Baak, Niklas Blomberg, Jan-Willem Boiten, Luiz Bonino da Silva Santos, Philip E. Bourne, Ji

Anthony J. Brookes, Tim Clark, Mercé Crosas, Ingrid Dillo, Olivier Dumon, Scott Edmunds,

Richard Finkers, Alejandra Gonzalez-Beltran, Alasdair J.G. Gray, Paul Groth, Carole Goble

... Barend Mons & + Show authors

confirmatory analysis,
reuse, and repurposing is
an anachronism that we
aim to address. ..."

| OWLIB.org repository for quantum materials.

Scientific Data 3, Article number: 160018 (2016) | Cite this article

A .

a. The materials-research
BTP-, NSF-, and

h larger scale of materials
and hosted by the Materials
endous opportunities to innovate with open data. Federal agencies have also stepped up to

Aieeeedl

“To help businesses discover, develop, and
deploy new materials twice as fast, we're
launching what we call the Materials
Genome Initiative.

The invention of silicon circuits and lithium
ion batteries made computers and iPods
and iPads possible, but it took years to get
those technologies from the drawing board

| to the market place. We can do it faster.”

-President Obama (6/11)

terials community, including the Materials Project for novel batteries, DOE’s hydrogen




A bit more of hlstory

System type: bulk
‘Space group: 221
Structure type: CaO3Ti (Cubic Perc

Methodology

Available calculations
Functional o
7GGA 7V
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Archive

10° :
107 :
106 :
105 :
104 2
103 :
102 ;
10 :
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Total-Energy Calculations

ABINT I
ATK I
BigDFT
CASTEP I
CP2K I |
Crystal I
DL_POLY I
GPAW I
libAtoms I |
NWChem N
ORCA HEET
Phonopy I
Q Espresso NN
gbox N
turbomole N

VASP

WIEN2k I

FHI-aims T |

GAMESS Il

exciting NG
Octopus NN

Gaussian I

D3 - space group 221

Electronic structure

_;N Thermal-barrier
= coatings Super-
= conductors
g Materials for
o photovoltaics
< Transparent
: : metals
5 :
= .E .................... Descriptor d ceccccccecee >
|

L]
C. Drax| and M. Scheffler S INIRS, SuiietifiaNERS, (2018); J. Phys. Mater. 2, 036001 (2019—
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More FAIRNess ....

FAIRmMat is the NFDI consortium

for solid state physics and
the chemical physics of solids

https://fairmat-nfdi.eu

NOMAD is a web-based software for

FAIR research data management
in materials science

https://nomad-lab.eu
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Broken into Tasks
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A specific example
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A long way to the roof ...
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Classical solar-cell research Literature

- P

RESEARCH

ublication

Monolithic perovskite/silicon tandem solar cell with
>29% efficiency by enhanced hole extraction

Amran Al-Ashouri**, Eike Kohnen™, Bor Li", Artiom Magomedov?, Hannes Hempel®,

Pietro Caprioglio™*, José A. Marquez®, Anna Belen Morales Vilches®, Emnestas Kasparavicius®,

Joel A. Smith®”, Nga Phung®, Dorothee Menzel', Max Grischek'*, Lukas Kegelmann', Dieter Skroblin®,
Christian Gollwitzer®, Tadas Malinauskas?, Marko Jost'°, GaSper Mati¢ °, Bernd Rech'®™,

Rutger Schlatmann®'2, Marko Topic®, Lars Korte, Antonio Abate®, Bernd Stannowski®",

Dieter Neher®, Martin Stolterfoht®, Thomas Unold®, Vytautas Getautis?, Steve Albrecht''+

Tandem solar cells that pair silicon with a metal halide p ite are a promising option for
the single-cell efficiency limit. We report a monolithic perovskite/silicon tandem with a certified power
conversion efficiency of 29.15%. The perovskite absorber, with a bandgap of 1.68 electron volts,

remained ph: table under i ion through a ination of fast hole and
iati at the hole-selective interface. These features were made possible by a
If- thyl i bazol as the hole-selective layer in the p ite cell.

The accelerated hole extraction was linked to a low ideality factor of 1.26 and single-junction fill factors
of up to 84%, while enabling a tandem open-circuit voltage of as high as 1.92 volts. In air, without
encapsulation, a tandem retained 95% of its initial efficiency after 300 hours of operation.
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Classical solar-cell research Literature
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P. Dale and M. A. Scarpulla“ Sol. Energy Mater. Sol. Cells (2023). _
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The Perovskite Database Project

a All devices 8
Pioneering project  natureenergy \ o
Explore content ¥ About the journal v  Publish with us v 0 | o @ Y l:::’t‘x ’
100 authors i : 5w
nature > nature energy > resources > article hy 30§. § o :0 x »
Manual handling of , . . 5
Resource | Open Access | Published: 13 December 2021 51q
42 000 devices An open-access database and analysis tool for O o
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Heterogenous sources

Efficiency tables

TOPICAL REVIEW « OPEN ACCESS Lab nOtebOOks

Emerging inorganic solar cell efficiency tables (version 2) [&
Andriy Zakutayev' (2}, Jonathan D Major?, Xiaojing Hao?, Aron Walsh*° (2}, Jiang Tang®,

Welcome Pepe Marquez @

SolarCellParameters <>
Teodor K Todorov’, Lydia H Wong® {2) and Edgardo Saucedo'%?
Published 16 April 2021 « © 2021 The Author(s). Published by IOP Publishing Ltd e
Journal of Physics: Energy, Volume 3, Number 3 p—
Citation Andriy Zakutayev et al 2021 J. Phys. Energy 3 032003 ;\:t_jﬁle-.xlsx <

[] Certified values

Certification institute

Databases

Open circuit voltage Unit

0.533723454176459 v v

Short circuit current density

/A' The Perovskite 32.0661206792725 ;nA/cm"Z
y <4

Fill factor

EMERGING data base 0.6472774004560038
Efficiency
I V 11.077790680716312




— https://nomad-lab.eu
Explore solar cells in NOMIAD

. PUBLISH v EXPLORE v ANALYZE v ABOUT v e
LOGIN / REGIST
L Entries @
FILTERS b X & €« 12.495.323 RESULTS ¢«
EELS ~ ? SOLAR CELLS
Upload
Workflow Efficiency (] zoom 1/4~ @ - Authors
Molecular Dynamics > 2.5k
" 4.4.2023, Fabien
Geometry Optimization > 00:00:27 Pascale
Properties 0@ [ : ] ® _
4.4.2023 Fabien
0 10 20 30 | '
, i 00:00:27 Pascale
Electronic > i max
0 36.2
Vibrational > " 4.4.2023, Fabien
Fill Factor (] zoom 14~ @ Copezy Pascale
Mechanical >

20k

" 4.4.2023, Fabien
00:00:27 Pascale
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Explore solar cells in NOMIAD
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Local data infrastructure
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Combinatorial explosion

contact ...
Device stack ETL

Synthesis Device

_f,'

ETL: electron transport layer

Characterization HTL: hole transport layer
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A Solar Network

Shared extendable data schema }
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Back to data infrastructure

contributions to
OPTIMADE,
NeXus, VOC4Cat,

3 guides, 4
user events, 14
tutorial events,

5. M. Scheffler, M. Aeschlimann, M. Albrecht, T. Bereau, H.-). Bungartz, &Felser, M. Greiner, A. GroB, C. Koch, K-Kremer, W. ENagél,
M. Scheidgen, C. Woll, and C. Draxl

FAIR data enabling new horizons for materials research

Nature 604, 635 (2022). [DOI] [arXiv]

lab automation
with
@®NOMAD
CAMELS

J&SS

The Journal of Open Source Software

issued DOIs

NOMAD: A distributed web-based platform for
managing materials science research data

Markus Scheidgen "9 Lauri Himanen ®*, Alvin Noe Ladines ® ", David
Sikter ® ", Mohammad Nakhaee ©'*, Adém Fekete © 1"} Theadore
Chang ™ Amir Golparvar * José A. Marquez © !, |Sandor
Brockhauser © !, Sebastian Briickner ©2, Luca M. Ghiringhelli > *;-Felix
Dietrich © 3, Daniel Lehmberg © 3, Thea Denell @', Andrea Albino © !,
Hampus Nisstrom © !, Sherjeel Shabih ©*, Florian Dobener @1, Markus
Kiihbach ©!, Rubel Mozumder ©1, Joseph F. Rudzinski ® !, Nathan
Daelman © !, José M. Pizarro ©!, Martin Kuban ©*, Cuauhtemoc Salazar
Pavel Ondracka ©*, Hans-Joachim Bungartz ©?, and-Claudia Draxl ® 1!

data from
external databases,
e.g. Materials
Project, HTEM

1

1 Department of Physics, Humboldt-Universitit zu Berlin, Berlin, Germany 2 Leibniz Institut fir
Kristallziichtung, Berlin, Germany 3 School of Computation, Information and Technology, Technical
University of Munich, Munich, Germany 4 Department of Plasma Physies-and Technology; Masaryk
University, Brno, Czech Republic § Corresponding author * These authors contributed equally.

DOI: 10.21105/joss.05388

105585388 (2023} . ==



