D6.8 Templated modelling user case workflows on ternary OE materials MUSICODE

{imusicode

An experimentally-validated multi-scale materials, process and device modelling &
design platform enabling non-expert access to open innovation in the Organic and
Large Area Electronics Industry (MUSICODE)

Grand Agreement: 953187
Project Start Date: 01/01/2021

Project Duration: 48 months

Deliverable 6.8
Templated modelling user case workflows on ternary OE

materials

Date: 20-12-2024

This project has received funding from the European Union’s Horizon 2020
Research and Innovation Programme under the Call
DT-NMBP-11-2020 “Open Innovation Platform for Materials Modelling”

Project co-funded by the European Commission within Horizon 2020 Research and Innovation Programme

Dissemination Level

PU Public

PP Restricted to other programme participants (including the Commission Service)

RE Restricted to a group specified by the consortium (including the Commission Services)

Cco Confidential, only for members of the consortium (excluding the Commission Services) X

Page 1 of 25



D6.8 Templated modelling user case workflows on ternary OE materials MUSICODE

Deliverable author(s): Saeideh Farzaneh Kalourazi (KIT)
Konstantinos Kaklamanis (Uol), Elefterios Lidorikis (Uol)

Contributors: Name(s), Organization(s)

Britta Nestler, Michael Selzer (KIT)

Charalambos Trapalis, Dimitrios Papageorgiou, loannis Skarmoutsos (Uol)
Dario Campagna, Alan Del Piccolo (ESTECO)

Stanislav Sulc, Borek Patzak (CVUT)

Davide di Stefano (ANSYS)

Draft Revisions: v1.0 19/11/2024 sent to partners
v1.110/12/2024 resent to partners
v1.2 16/12/2024 sent to coordinator
v2.0 20/12/2024 approved by coordinator

Copyright

@ Copyright 2021-2024 The MUSICODE Consortium

Consisting of Coordinator: University of loannina (Uol) Greece

Partners: Karlsruhe Institute of Technology (KIT) Germany
University of Surrey (SURREY) UK
Aristotle University of Thessaloniki (AUTh) Greece
Czech Technical University in Prague (CVUT) Czechia
Fluxim AG (FLUXIM) Switzerland
TinniT Technologies GmbH (TINNIT) Germany
ANSYS UK (ANSYS) UK
Esteco SPA (ESTECO) Italy
Organic Electronic Technologies (OET) Greece
AIXTRON (AIXTRON) Germany

This document may not be copied, reproduced, or modified in whole or in part for any purpose without written
permission from the MUSICODE Consortium. In addition to such written permission to copy, reproduce, or
modify this document in whole or part, an acknowledgment of the authors of the document and all applicable
portions of the copyright notice must be clearly referenced.

All Rights reserved.
This project has received funding from the European Union’s Horizon 2020

Research and Innovation Programme under the Call
DT-NMBP-11-2020 “Open Innovation Platform for Materials Modelling”

"The European Commission support for the production of this publication does not constitute an endorsement
of the contents which reflects the views only of the authors, and the Commission cannot be held responsible
for any use which may be made of the information contained therein."

Page 2 of 25



D6.8 Templated modelling user case workflows on ternary OE materials MUSICODE

Contents
PUDBLISRABIE SUMMANY ..o e e et e e st e e e e e eata e e e e aaaeeeerasseeeensaeeeessaeeesnnnsneenan 4
L INEFOTUCTION ...ttt ettt e b e b e s bt sa et et e e bt e s bt e saeesatesabe e bt e beeaneesmeeenneennean 5
1.1 ObjJCtives OF WPB/TASK 6.2.3.. ..ottt ettt ettt e e et e e et e e st e s eteeesseeeebesessteeenseeensreeenseeennes 5
1.2 PUrPOSE Of thisS DOCUMENT ....eiiiiiiiiiiiiiee ettt ettt et e st e e e e e s s e e e e sb e e e e s nbeeeessbeeesennbeeesenaseeessnnsenns 5
1.3 Structure of thisS DOCUMENT ......ciiiiiiieiie ettt sttt et e b e b e s b e st e st e e sbeesbeesanesanenas 5
P Y L= Yo Yo o] o T =TT SRR 7
2.1 Mesoscopic — Phase Field MOdEHING.......ccouiiii ittt e et e e e e earae e e et ae e e e eaneeas 7
2.2 Atomistic — Molecular dynamics, electronic states, charge transport.......ccccceeeceeeiiicieeeccciee e, 9
3. IMOTEIAPIS ...ttt ettt e sa e et e bt e e s bt e e ab e e s bt e s bt e e e be e e bt e e e abe e s baeesabeesbeeeanteesneeenares 11
R Yol T D N (I 1) TSR 11
I\ 10 o F= Yol < 11 S Lo ) IO 14
T\ 1Dl <l (6 Lo} IO 16
3.4 MDsolve+MDpost+DFTpre+DFTsolve+DFT2solve+Pspre+PSsolve+PSpost+kMCsolve+kMCpost ............ 18
4. Templated WOTKFIOW ..........oooiiiii e e e e e e e s e e e e e e e sstbbaaeeeeeeessnsaraeaeeeas 20
B DSCUSSION ..ottt ettt ettt e s bt e sa bt e st e e b et e st e e e b et e s ar e e sabe e e sabeesabeeeameee s reeesnteesabeeeanaeesarenennnas 23
5.1 0Verview Of @ChIEVEMENTS .....couiiiiiiee ettt ettt b e sbe e sat e st e e beesbeesaeesaneeas 23
5.2 Risks and mMitigation @CHIONS ......cciiuiiii i e e e e e e e et e e e b e e e eaaaaeeeas 25
5.3 CoNCIUSION @Nd FULUIE SEEPS c.uvviiiiiiiiieecitee ettt ettt ee e e e et e e e st e e e s ata e e e sataeeeessaeeesansseeesnnssneeans 25

Page 3 of 25



D6.8 Templated modelling user case workflows on ternary OE materials MUSICODE

Publishable summary

This deliverable describes the development of a streamlined workflow template that allows a systematic study
of ternary organic material formulations. This study bridges two distinct domains, the mesoscale where
thermodynamic based calculations via the Phase Field Method simulate and predict the microstructures
attainable by the organic material combinations, while atomistic methods based on molecular dynamics,
density functional theory and kinetic Monte Carlo re-introduce the atomistic detail in the predicted
microstructure and go on to predict important electronic properties that are crucial to the materials
performance in a device. By leveraging MUSIOCDE’s Workflow Editor for task visualization and Python script
generation, data integration, and MuPIF’'s smooth execution capabilities, this workflow enables a cohesive,
end-to-end modeling experience across the different scales.
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