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Introduction

Interactive graphics

The Perovskite Database Project aims at making all perovskite device data, both past and future, available in a form adherent to the FAIR

In the initial phase of the project, the project team went through the over 16000 perovskite papers published until the end of February
2020 and extracted data for every single adequately described perovskite solar cell we could find. For papers published after that, the

The project is based around an open database and open-sourced tools enabling anyone, without any programming experience, to
interactively explore, search, filter, analyse, and visualise the data. The core of those tools are a set of interactive graphics that can be
reached from the web page.

Upload data
22 Contributors

[) Papersbased on the

project Examples from the database

Development of device performance
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Initiated as part of the EU-funded project GRECO

5{%‘ e GRECQ rbringing open science into action”

“Open Research Europe requires open access to research data
supporting articles under the principle ‘as open as possible, as
closed as necessary’, according to the policy of Horizon 2020.
Data should be deposited in data repositories.”

from: https://open-research-europe.ec.europa.eu/for-authors/data-guidelines

What are suitable repositories? — existing ones mostly "generic”

What would be data platforms that are actually useful for us scientist that
Truly make our results more FAIR (findable, accessible, interoperable & reusable)?

This project was funded as part of the GRECO project, funded by the European Union’s Horizon 2020
research and innovation program under grant agreement No. 787289.




The motivation: Breaking the "standard research cykle™

Standard research cycle

-
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Step 1: Defining the "data ontology” (first draft)

Focussed on meta-data related to device stack definition & solar cell performance

( Composition
/

[ JC) Dimensionality

(Substrate

C ' Electron transport layer

Perovskite

M . lHoIe transport layer

lBack contact

v Addltlonal layers

hilitv metrics
Ty metric

There is a need to develop coherent data ontologies
to speficify metadata of device manufacturing steps.

Major goal of VIPERLAB:

\V‘ Develop a unified data ontology for perovskite PV devices.
VIPERLAB  (there will be a workshop...)




Data extraction protocol (current version availab
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Ref. ID temp (Integer starting from 1 and counting upwards) 1

Ref. Name of person entering the data T Jesper Jacobsson

Ref. Data entered by author [TRUE/FALSE] N TRUE

Ref. DOI number b 10.1039/C6EE00030D

Ref. Lead author ™ Jacobsson et al.

Ref. Publication date [year:mm:dd] ™2018:03:14

Ref. Free text comment (max 280 characters) b Simple example device (to be deleated)

Ref. Internal sample ID [free text] ™)) 3051 cell 2

Cell. Stack sequence [Mat.1; Mat.2; ... | Mat.3; ... | Mat.4 | ...] Tsi6 | FTO | TiO2-c | TiO2-mp | Perovskite | Spiro-MeOTAD | Au
Cell. Area. Total [cm*2] b 0,25

Interactive graphics

Resources community should embrace this as a valuable r¢i cell. Area. Measured [em~2] Yo,16
. - . . . Cell. Number of cells per substrate 3
can think of as the Wikipedia of perovskite scierf¥l .. architecture mip/piny ] e
Cell. Flexible [TRUE/FALSE] VEALSE
D il We thus encourage anyone to upload new devicEEll cell. Flexible. Minimum bending radius [em] N
ownload data . . . . Cell. Semitransparent [TRUE/FALSE] VEALSE
h'ghly efﬂC|ent ora falled deVICe: bUt some data kYA Cell. Semitransparent. Average visible transmittance [%] -

Cell. Semitransparent. Average visible transmittance. Wavelength ran?e [lambda_min; lambda_max]
Cell. Semitransparent. Transmittance. Link. Raw data T www.testsite...

Module [TRUE/FALSE] VFALSE

Module. Number of cells in module o

Module. Area. Total [cm”2] b 0,25

Module. Area. Effective [cm”2] b 0,16

Module. JV data recalculated per cell [TRUE/FALSE] VEALSE

Contributo S Data eXtraCtion prOtOCOl Substrate. Stack sequence [Mat.1; Mat.2; ... | Mat.3; ... | Mat.4 | ...] Tsi6 | FTO

Upload data

Substrate. Thickness [Th.1 | Th.2 | ... | Th.n ] [mm] "2 |01
Substrate. Area [cm*2] b 2,4
Substrate. Supplier NGO
Papers based on the To upload new data to the database, the data mpEll substrate. Brand name “neo11
R R Substrate. Deposition procedure [Proc. 1 >> Proc. 2 >> ... | Proc. 3 >> 1 Commercial | Commercial
project backend for inserting data to the database consBf substrate. surface roughness. Rms [am] b

Substrate. Etching procedure b Zn-powder; HCl >> Mecanical scrubbing

Substrate. Cleaning procedure ™ Helmanex >> Ultrasonic bath >> Ethanol; Ultrasonic bath >> Acetone; Ultrasonic
ETL. Stack sequence [Mat.1; Mat.2; ... | Mat.3; ... | Mat.4 | ...] T Tio2c | TiO2-mp

ETL Thickness [Th.1 | Th.2 | ... | Th.n] [nm] W50 |150

ETL Additives. Compounds [Addt.1; Addt.2; ... | Addt.3; ... | Addt.4 | ‘ Undoped | Li-TFSI

ETL Additives. Concentrations [c1 M; c2 wt%; ... | c3 vol%; ... | c4 mg/m nan | 100 mg/ml

ETL Deposition. Procedure [Proc. 1 >> Proc. 2 >> ... | Proc. 3>> ... | Prod Spray-pyrolys | Spin-coating >> Spin-coating

ETL Deposition. Aggregation state of reactants (Liquid/Gas/Solid) [Agr.‘. Liquid | Liquid

ETL. Deposition. Synthesis atmosphere [Gas1; Gas2 >> Gas3; ... >> ... | a Air; 02 | Air

ETL. Deposition. Synthesis atmosphere. Pressure. Total [P.1 >> P.2 >> .M1atm | 1atm

ETL. Deposition. Synthesis atmosphere. Pressure. Partial [P.1; P.2 >> [X atm; 1 bar | 1atm

ETL. Deposition. Synthesis atmosphere. Relative humidity [RH1 >> RH2Y 35 | 35

ETL Deposition. Solvents [Sol.1; Sol.2 >> Sol.3; ... >> ... | Sol.4>> ... | 53 Acetonitil; Acetyl aceton; IPA | Ethanol >> Acetonitrile

ETL. Deposition. Solvents. Mixing ratios [V1; V2 >>V3; V4 >> ... | V5; VE9:0.4:0.6 |1>>1

ETL. Deposition. Solvents. Supplier [Sup.1; Sup.2 >> Sup.3; ... >> ... | SuE, Sigma Aldrich; Sigma Aldrich; Fisher | Sigma Aldrich >> Acros
ETL. Deposition. Solvents. Purity [Pur.1; Pur.2 >> Pur.3; ... >> ... | pur.4 Y pro analysis; Pro analysis; Pro analysis | Puris >> Pro analysis
ETL. Deposition. Reaction solutions. Compounds [C1; C2 >> C3; ... >> ... |‘ Titanium diisopropoxide bis(acetylacetonate) | TiO2-np >> Li-TFSI
ETL. Deposition. Reaction solutions. Compounds. Supplier [Sup.1; Sup.2 3 Sigma Aldrich | Dysole >> Sigma Aldrich

ETL Deposition. Reaction solutions. Compounds. Purity [Pur.1; Pur.2 >>BPro analysis | Tecnical >> Pro analysis

ETL. Deposition. Reaction solutions. Concentrations [c1 M; 2 mol/dm3 N6 vol% | 150 mg/ml >> 10 mg/ml

ETL. Deposition. Reaction solutions. Volumes [V1>>V2>> ... | V3 >> 1 10 | 0.05 >> 0.05

ETL. Debosition. Reaction solutions. Age [A1>> A2 >> ... | A3>> .. | A?0.5 | 1000 >> 1000

Presentations

Download data extraction template

V' Partners
v Download data extraction instructions

/ How to cite/License

Current version:
395 attributes/fields
per devices (and growing)



More “comfortable” data entry
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Step 2: Recruiting volunteers to help us
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Step 3: Launch database

www.perovskitedatabase.com
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Introduction

Interactive graphics
Interactive graphics

To facilitate easy exploration of the perovskite data we have developed a set of interactive graphics tools. Those enable simple interactive
Resources exploration of the data in the database. The interactive graphics are hosted by Materials Zone. To reach the graphics you will need to create
a free account. To access the interactive graphics, you will need to fill out this form. Shortly after filling out the form, you will receive an

invitation by email.
Download data
Figures generated by the interactive graphics are free to be used in any way.

Fill out the form to access the interactive graphics
Upload data

Contributors

There are now 9 apps focusing on different aspects, with more to come.
Papers based on the Figures generated by the interactive graphics are free to be used in any way.

project The apps are found under “Insights >> Perovskite Database Project” in the left side menu in Materials Zone’s system found on the link

below (see instructions above on how to obtain access to the interactive graphics)

Presentations Link to interactive graphics

Partners General development

Focuses on the development of general device performance and enables filtering within the entire dataset

How to cite/License
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Example: Evolution of reported PCEs as function of publication date

You can download generated plots as figures and re-use.

MaterialsZone

== Insights A General Development
Scauerpiot - Laregorical piots  varta 1rom piot In 1anie . Seleciea aarta mrom piot in 1anie.. Apout
5 Figure properties The Perovskite Database Project. 2021-11-23 $ QR Q@ CI o l & sample properties Most common alternatives
ata \—
A ° ) . )
D Overview v Y-Axis 251 ° » | Number of cells in module: 1 .. 35 Pe:l)lvsklte
PCE [%] v ]
) Total Module area [cmA2]: 0 .. 500 (5-AVA)MAPDI
Perovksite X-Axis (PEA)MAPDI
Database Publication date v o AgBil
CI rncem v reat | Active Module area [cm*2]:0.. 150  AgCsBiBr
Project Y-Axis scale BAMAPbI
! Linear v 20+ Active cell area [cm”2]: 0 .. 100 CsFAMAPbBrI
] CsFAMAPDI
Perovskite X-Axis scale CsFAPbBrI
: Band gap [eV]: 1 .. 3.50
D Database A Linear M oep el gziﬁzglsm
Project Color by category CsMAPDI
1 Encapsulated cell G
none v sPbBr
15+ - CsPbBrl
mmm Bandgap Color by True/False filters < Flexible cell CsPbl
HEE  Analysis none R CsSnl
o0 Transparent cell FAMAPDBrI
mmm Correct Data In Separate color by marker type &’ 1 ,Eﬁm',:gls |
BB The Database Modules n
Exclude Cell ID (ID1; ID2; ID3; ...) 10 FAMASHI
Perovskite. 0D (QDs) ETL stack
—_— 1
mmm Download Data Marker alpha: 0.60 | b o, 20 Ic\léo
erovskite.
C60 | BCP
= General Marker size: 8 ° Perovskite. 2D/3D mixture Egmg | BCP
Development oo | ol it 4 5 ° PCBM-60 | Bphen
-axis. log scale lower limit: - : Perovskite. 3D POBM-60 | C80
e
BEEm Modules Veaxi - o H : _ _ PCBM-60 | C60 | BCP
-axis. log scale lower limit: -1 1 Perovskite. 3D with 2D capping layer PCBM-60 | LiF
PCBM-60 | PEI
e : : PCBM-60 | ZnO-np
mm OUtdOOT Font size: 20 ‘ Perovskite. Single crystal PCBM-60 | Zr(acac)4
NI Testing 0 ' ' T . ; Inorganic perovskite PCBM-60 | bis-C60
Legend font size: 10 B
* 2010 2012 2014 2016 2018 2020 POBI70
mmm Record . M i
BBl £yoution Data when hover over a point Publication date Lead free perovskite g:gg-g : ggghSIIAS%
Cell aria 3 a
Cell stack Perovskite crystal structure '?'ano:(-:np
- " ETL
mmm Scaling HTL Perovskite inspired structure Ti02-c | Al203-mp
FF HTL stack
Jsc :
Antisolvent method All
B== Stability Cu20
. Download figure metadata Cul
Solvent annealing of the Perovskite CuPc
Upload Data Measurement properties Cell_architecture CuSCN .
Ll Publication date: 14 Mar 2009 .. 20 Jun 2021 Al Graphene oxide
Back contacted MoO3 | PEDOT:PSS
Light intensity [nW/cmA2]: 90 .. 110 Efr:;:?;ﬁzgon xmgﬂg -
Items v Schottky d NiO
Screenshot | UEEACE) Unknown e



The Perovskite Database: A secondary dissemination platform

www.perovskitedatabase.com: You can download the data and replot however you like to re-use.

CREATE w

== Insights A General Development
Dcauerpiot - Laregorical piot para rom piot in 1anie ]bel Tom pIot In 1anie  ADOoUt
Dt Figure properties The Perovskite Database Project & 4 P iep @ O [ 9 & sample properties Most common alternatives
ata
D Overview v Y-Axis 25 ° % | Number of cells in module: 1..35  Perovskite
PCE %] . FI o (ASIIAVA)MAPDI
AD]- =)
Perovksite X-Axis ‘ %@ o . Total Module area [cm”2]: 0 .. 500 (PEA)MAPDI
Database Publication date v ’ ° o 0° R % o o AgBil
D T v O © & ¢ Active Module area [cm”2]: 0 .. 150 AgCsBiBr
andem .
Project Y-Axis scale . BAMAPDI
rolee Linear v . . gs:;:m:gngrl
S
Perovskite X-Axis scale All devices gsFAPbBrI
Database A Linear v SFAPDI
o Jacobsson et al., Nat. En. 2021 CarApbSHi
d Color by category CsMAPDI
v O CsPbBi
DOI: 10.1038/s41560-021-00941-3 Gepotr
mmm Bandgap Color by True/False filters CsPbl
HEE  Analysis none - CsSnl
FAMAPDBTrI
Correct Data In Separate color by marker type :Z:m:gg's '
[T n
he Database Exclude Cell ID (ID1; ID2; ID3; ...) FAMASHI
ETL stack
|
mmm Download Data Marker alpha: 0.60 égo
C60 1 BCP
General Marker size: 8 I PCBM-60
] re
EE pevelopment gggMﬁ : gc:
X-axis. log scale lower limit: -1 PCBM-60 | Cgoen
== Modul ] PCBM-60 | C60 | BCP
[ [ | ules Y-axis. log scale lower limit: -1 ping layer PCBM-60 | LiF
; P PCBM-60 | PEI
o PCBM-60 | ZnO-np
mmm  Outdoor Font size: 20 PCBM-60 | Zr(acac)4
BB Testing PCBM-60 | bis-C60
Legend font size: 10 PCBM-70
Sn0O2-c
mmm Record
EE  Eyolution Data when hover over a point Sn02-¢ | C60-SAM
Cell aria g:ggz:) PCBM-60
Cell stack re A
TiO2-c
- " ETL
mmm Scaling HTL i i o ousy . i . TiO2-c | AI203-mp
FF HTL stack
" 2013 2015 2017 2019 0 1000
- - . . .
Stability Cu20
Hi= Download figure metadata PU bl |Cat|0n date DeVICeS - Cul
rovskite
Measurement properties gzgéN
EEs Upload Data o Cell_architecture )
Publication date: 14 Mar 2009 .. 20 Jun 2021 Al Graphene oxide
Back contacted MoO3 | PEDOT:PSS
Light intensity [mW/cmA2]: 90 .. 110 Front contacted NiMgLiO

NiMgLiO-c

Items v gg;]:gzro;uncnon NiO
Screenshot (G RE Unknown NiO-c
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Example: Evolution of reported PCEs as function of publication date

You can emphasize datapoints in the dataplots (example: certified data)

Lategorical piots  varta 1rom piot in 1anie  Seleciea aata 1rom piot In 1anie. - About

The Perovskite Database Project. 2021-11-23

$QR LK QCFe O

[ ]

o00 00
]

== Insights A General Development
Scanerpiot
Figure properties
Data v )
Overview Y-Axis 251
PCE [%] v
Perovksite X-Axis
D Database v Publication date v
Tandem .
Project Y-Axis scale
! Linear v 20+
Perovskite X-Axis scale
D Database A Linear v
Project Color by category
none v
15+
~— Bandezp Color by True/False filters iy
Analysis Externaly certified JV data =
w
mmm Correct Data In Separate color by marker type 8
[ [ |
The Database Exclude Cell ID (ID1; ID2; ID3; ...)
10+
[ |
mmm Download Data Marker alpha: 0.60
mmm General Marker size: 8
HE Dpevelopment
X-axis. log scale lower limit: -1 51
®
[ |
mmm Modules Y-axis. log scale lower limit: -1 ©
Outdoor Font size: 20
HEE  Testing
Legend font size: 10
mmm Record
EE  £yoution Data when hover over a point
Cell aria
Cell stack
. ETL
= Scaling HTL
FF
Jsc
= Stability
= Download figure metadata
Measurement properties
= Upload Data

Publication date: 14 Mar 2009 .. 20 Jun 2021

Light intensity [mW/cmA2]: 90 .. 110

Item
Screenshot | Extemaly certified JV data

2010

2016
Publication date

2012

0®

2020

2018

o False
e True

Sample properties
Number of cells in module: 1 .. 35

Total Module area [cm”2]: 0 .. 500

Active Module area [cm/2]: 0 .. 150

Active cell area [cm”2]: 0 .. 100

Band gap [eV]: 1 .. 3.50

Encapsulated cell
Flexible cell
Transparent cell
Modules
Perovskite. 0D (QDs)
Perovskite. 2D
Perovskite. 2D/3D mixture

Perovskite. 3D

Perovskite. 3D with 2D capping layer

Perovskite. Single crystal
Inorganic perovskite
Lead free perovskite

Perovskite crystal structure
Perovskite inspired structure
Antisolvent method

Solvent annealing of the Perovskite

Cell_architecture
All
Back contacted
Front contacted
Pn-Heterojunction
Schottky

‘ Unknown

Most common alternative
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All
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Example: Evolution of reported PCEs as function of publication date

You can highlight different data categories to view trends (example: perovskite composition)

== Insights A General Development
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Project Y-Axis scale © MAPbBHI
Linear v 20 ¢ ngngBrl Active cell area [cm”2]: 0 .. 100
°
Perovskite X-Axis scale © CsPbBr .
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Example: Evolution of reported PCEs as function of publication date

Pick data-sets you find most interesting (example: evolution of perovskite compositions)

= ¢* MaterialsZone

B i General Development
=l Insights A P
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‘1 Number of cells in module: 1 .. 356

! Total Module area [cm”2]: 0 .. 500

! Active Module area [cm”2]: 0 .. 150
i Active cell area [cmA2]: 0 .. 100

‘ Band gap [eV]: 1 .. 3.50
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Strategies to keep feeding the database

Join: sign up via www.perovskitedatabase.com

Use the data available for anything you want
You can download plots as well as the complete dataset: use it!

Make YOUR resarch data easier to find

Upload all your experimental perovskite PV datasets to The Perovskite Database upon
publication and link to DOI of your article (fullfills "OpenScience” requirements!)

Upload other’s work & spread the word
Invite and make others aware of the project

Check data that is online for inconsistencies
Remove/correct with correct data function

Become involved feeding the database
We hope this to become a community-driven project

v If you want to start a specific expansion of the database,
‘VIPERLAB please submit proposal via VIPERLAB.



http://www.perovskitedatabase.com/

Remaining OPEN: Initiation of collaborative review papers

List of ongoing collaborative research papers available on
www.perovskitedatabase.com

My Drafts 4 Public Documents o

June 01, 2021

Insights from the Perovskite Database Project: Ink formulation
evolution

eva.unger, oleksandra.shargaieva, jinzhao.li, et al.

May 25, 2021

"Collective Insight from the Perovskite Database Project": Bandgap
Tuning of Metal-Ha...

eva.unger, oleksandra.shargaieva, klara.suchan, et al.

June 01, 2021

Insights from the Perovskite Database Project: Scalable ;
Manufacturing Methods

eva.unger, gopinath.paramasivam, jinzhao.li, et al.

Write short proposal to be submitted via VIPERLAB Gate

\ You have an idea for a review paper based on the data available?
‘VIPERLAB (or write me a brief e-mail: eva.unger@helmholtz-berlin.de)



http://www.perovskitedatabase.com/

The Perovskite Database Expansion in VIPERLAB

4 ViperLab Project Newsletter Useful links Job opportunities Contacts Login

FULLY CONNECTED VIRTUAL and PHYSICAL
PEROVSKITE PHOTOVOLTAIC LAB
VIPERLAB Knowledge Exchange Portal

home > infrastructure > hzb-hysprint — perovskite database

HZB

HZB-HYSPRINT — PEROVSKITE DATABASE
| INFO ” EXPERTISE | Twcmn

o mySQL-based database promoting OpenScience practices in the perovskite PV research community
\« Enabling literature research and dissemination/sharing of scientific data according to FAIR data principles

For using the database in review papers, we kindly ask you to
v register your project on www.perovskitedatabase.com
‘WPERLAB Anything requiring changing data scope or programming:
write a proposal!



http://www.perovskitedatabase.com/

Related Relevant Data Infrastructures
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