Standardization of data ontologies and research data
management

Michael Gotte
Research Data Steward
Helmholtz Zentrum Berlin



The principles of Linked Data

(slide from https://jakub.klimek.com/nswil44)

1)Use URIs as names for things.
2)Use HTTP URIs (URLSs) so that people can look up those names.
3)When someone looks up a URI/URL, provide useful information.

4)Include links to other URIs/URLSs so that they can discover more things.



Linked Open Data (LOD)

- No standard file formats
- Data can be stored in files, databases, web pages, needs to be ,linkable*
- Context is provided through links to other entities (e.g. Ontology class definitions)

See: https://jakub.klimek.com/nswil44 for some lecture notes



Exploring semantics

Published (alpha) thin film solar cell ontology:
https://matportal.org/ontologies/TFSCO/?p=summary

We use this ontology to connect Nomad entities with the semantic:

class SpinCoating(WetChemicalDeposition):
"'"'Base class for spin coating of a sample
m_def = Section(
#link to ontology class 'spin coating'
links = [ "http://purl.obolibrary.org/obo/CHM0 89681472']

rrir

slot_die_head_distance_to_thinfilm = Quantity(
# Link to ontology class 'slot die head distance to thinfilm' and 'slot die head distane to thinfilm setting datum'
links=[ "http://www. semanticweb.org/ot2661/ontologies/2622/8/TFSCOXTFSCO_GAOA5A34 ",
"http://www. semanticweb. org/ot2661/ontologies/2022/8/TESCOETFSCO 00085044 '],
type=np.dtype(
np.floatsd),
unit=( ‘Aam'),
a_eln=dict(
http://purl.obolibrary.org/obo/CHMO_0001472 component="Nunber£di tQuantity’,
defaultDisplayUnit="mm"',
props=dict(
minValue=@)))

https://purl.archive.org/tfsco/TFSCO_00005034


https://matportal.org/ontologies/TFSCO/?p=summary
http://purl.obolibrary.org/obo/CHMO_0001472
https://purl.archive.org/tfsco/TFSCO_00005034

Showcase in Nomad on Data annotations

https://nomad-hzb-se.de/nomad-oasis/gui/user/uploads/upload/id/JQrokd9SQmevZ BF
JGlcg/entry/id/XLMy_MNIe_hJrfOZ_zWbOyB_6cvt/data/results/properties/optoelectronic

/solar_cell/efficiency

Go to Nomad (https://nomad-hzb-se.de/nomad-oasis/gui/about/information)


https://nomad-hzb-se.de/nomad-oasis/gui/user/uploads/upload/id/JQr0kd9SQmevZ_BF_JGlcg/entry/id/XLMy_MNIe_hJrfOZ_zWbOyB_6cvt/data/results/properties/optoelectronic/solar_cell/efficiency
https://nomad-hzb-se.de/nomad-oasis/gui/user/uploads/upload/id/JQr0kd9SQmevZ_BF_JGlcg/entry/id/XLMy_MNIe_hJrfOZ_zWbOyB_6cvt/data/results/properties/optoelectronic/solar_cell/efficiency
https://nomad-hzb-se.de/nomad-oasis/gui/user/uploads/upload/id/JQr0kd9SQmevZ_BF_JGlcg/entry/id/XLMy_MNIe_hJrfOZ_zWbOyB_6cvt/data/results/properties/optoelectronic/solar_cell/efficiency
https://nomad-hzb-se.de/nomad-oasis/gui/about/information

Showcase in Nomad on Data annotations (screen shots)
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Showcase in Nomad on experimental plan

Go to Nomad (

https://nomad-hzb-se.de/nomad-oasis/gui/search/solarcells?upload id=JQrOkd9SQmev
Z BF JGlIcg

)

https://nomad-hzb-se.de/nomad-oasis/gui/user/uploads/upload/id/JQrOokd9SQmevZ BF _
JGlcg/entry/id/iWl1BoRMcxzWgENn-VvO4Gjg8aSibj


https://nomad-hzb-se.de/nomad-oasis/gui/search/solarcells?upload_id=JQr0kd9SQmevZ_BF_JGlcg
https://nomad-hzb-se.de/nomad-oasis/gui/search/solarcells?upload_id=JQr0kd9SQmevZ_BF_JGlcg
https://nomad-hzb-se.de/nomad-oasis/gui/user/uploads/upload/id/JQr0kd9SQmevZ_BF_JGlcg/entry/id/iW1BoRMcxzWgEn-VvO4Gjg8aSlbj
https://nomad-hzb-se.de/nomad-oasis/gui/user/uploads/upload/id/JQr0kd9SQmevZ_BF_JGlcg/entry/id/iW1BoRMcxzWgEn-VvO4Gjg8aSlbj

Showcase in Nomad on experimental plan
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HZB_FeUn_20231213_AF-FU-Batch-5 & varyp & Presen 2PACz
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ReFerencen oY (EEEED)

13/12/2023 14:42 sam_spincoating.archiveson

Scrif st
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~ batch_processes

Sam 2PACz spincoating Al e

Precursor SAM 2PACz: Sam 2PACz spincoating ¥
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Drop 100 ul of 2PACZ solution on Substrate, Resting for 510 s; Start Spin
Coating
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MAPI MAP IPA H20 ink:

method=Shaker, solvent_ratio=0.6/0.35/0.5, temperature=45.0
degree_Celsius, time=15.0 minute, speed=799.999999999998
revolutions_per_minute

678 WORDS P

Plan is created

batch_plan_pdf = batch_plan_HZ8_FeUn_20231213_AF-FU-Batch-5.htm
SUB SECTIONS
batch_id method = Spin Coating
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~ plan ©
substrate cleaning ,
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Showcase in Nomad on experimental plan
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Showcase in Nomad on using jupyter hub

Go to Nomad (

https://nomad-hzb-se.de/nomad-oasis/north/user/michaelgoette/jupyter/lab/tree/uploads/
data-analysis-feray-13tqgOkSIQDWS5Uxj91m7rw/jv_analysis_feray.ipynb

)


https://nomad-hzb-se.de/nomad-oasis/north/user/michaelgoette/jupyter/lab/tree/uploads/data-analysis-feray-I3tq0kSiQDWS5Uxj91m7rw/jv_analysis_feray.ipynb
https://nomad-hzb-se.de/nomad-oasis/north/user/michaelgoette/jupyter/lab/tree/uploads/data-analysis-feray-I3tq0kSiQDWS5Uxj91m7rw/jv_analysis_feray.ipynb

P - 7 jv_analysis...

Showcase in Nomad on usin

File Edit View Run Kemel Tabs Settings Help

 Launcher iv_analysis_demo.ipynb

B+ XD0O » C » Code v

™ / uploads / viperlab-presentation-

240117- Plotting JV data over anti solvent dropping time
rRibgCF3QcWQOPkBez4mTA

Name N Last Modified

import matplotlib.pyplot as plt
from jv_analysis import get jv_data, plot quantity over jv,get entryid, get ids_in batch,plot df, get synthesis

ichael.goette@helmholtz-berlin.de

seconds ago
@ jv_analysis. aday ago
Username michael.goette@helmholtz-berlin.de

jupyter

&  Python 3 (ipykernel) O

ids.append("HZB FeUn 20231213 AF-FU-Batch-5")

quantities = [“layer/6/layer type", "layer/6/layer material name"]
methods = ["SpinCoating”, "SlotDieCoatin

jv_quantities=[efficiency”, "fill factor”, "short circuit current density","open circuit voltage", "cell name"]
sample_ids = []
for batch id in batch ids

sample_ids.extend(get ids in batch(batch id))
samples_of batches = [(sample id,get entryid(sample id)) for sample id in sample ids if get entryid(sample id)]
df_j, curve data = get jv_data(samples of batches,jv_quantities)

Data table and Plot of best jv data

e erent m

filter for efficiency
df filtered= df jldf j["efficiency"] > filter for efficiency].sort values("efficiency", ascending=False)
columns = ["sample id", "cell name", "efficiency”, "fill factor”, "short circuit current density","open circuit voltage"]
import plotly.graph objects
go.Table(
ist(columns),

Line_color="darkslategray",

Fill_color="lightskyblue',

align="left'),

cells=dict(values=[df filtered[c] for ¢ in columns], # 2nd colum
line_color="darkslategray',

), columnwidth=[2.5,1,1,1,1,11)

update_Layout (height=350, widtt
show()

ct(l=20, r=20, t=20, b=20))

sample_id cell_name efficiency fillfactor short_circuit_current | open_circuit_voltage

HZB_FeUn 20231213 AF-FU-Batc|
HZB_FeUn 20231213 AF-FU-Bal
HZB_FeUn 20231213 AF-FU-Batct
HZB_FeUn 20231213 AF-FU-Bal
HZB_FeUn 20231213 AF-FU-Bal
HZB_FeUn 20231213 AF-FU-Batct
HZB_FeUn 20231213 AF-FU-Batc|
HZB_FeUn 20231213 AF-FU-Bal
HZB_FeUn 20231213 AF-FU-Batc|
HZB_FeUn 20231213 AF-FU-Batc|
HZB_FeUn 20231213 AF-FU-Bal
HZB_FeUn 20231213 AF-FU-Bat
HZB_FeUn 20231213 AF-FU-Batct
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d_Reverse Light
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1510764375
6.26336042
1553976667

6211875
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d_Reverse Light
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0.487390550200000
050990084

0 B 1 © Python3 (ipykemel) | ldle

Mode: Edit

Would you like to receive official Jupyter news?
Please read the privacy policy.

No

® Ln10,Col 16 jv_analysis_demo.ipynb

X
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Showcase in Nomad on using jupyter

File Edt View Run Kemel Tabs Settings Help
& Launcher jv_analysis_demo.ipynb
B+ XD 0O > » Code v &  Python3 (ipykernel) O

W / uploads / viperlab-presentation-
240117-
rRtbgCF3QcWQOPkBez4mTA

Last Modified

aminute ago import pandas as pd
& jv_analysis. aday ago def combine columns(row):
- layers =[row[c] for c in row.index if "layer material name" in c and not pd.isnull(row[c])]
return *_*.join(layers)
df q['la tack'] =df_qg.apply(combine columns, axis=1)

filter for efficiency
df_q.merge(df_j, o ntry id","sample id"])
df (df[df["efficiency”] > filter for efficiency], jv_quantities,q quantities=["layer stack”,"sample id”, "jv_name"])

1224 do ange

sampleid ¥

JV Curves of the best measurements by layer stack

idx max = df.reset_index().groupby(['layer stack'])["efficiency”].idxnax()

Would you like to receive official Jupyter news?
# plotting Please read the privacy policy.
plt.figure(figsize=(14,8)) Yes  No
for index, row in df.iloc[idx max].iterrow

simple O B 1 © Python3 (ipykemel) | ldie Mode: Command @ Ln1,Col1 jv_analysis_demo.ipynb




Showcase in Nomad on using jupyter hu

File Edit View Run Kemel Tabs Settings Help

 Launcher x | [ jv_analysis_demoipynb @ | +

B + X0 0O » = C » Code v & Python 3 (ipykernel) O

™ / uploads / viperlab-presentation-
1

240117-
RIbGCFIQCWQOPKBez4mTA JV Curves of the best measurements by layer stack

Name N Last Modified

» B aminute ago # finding

idx max = df.reset_index().groupby(['layer stack'])[*efficiency"].idxmax()

@ jv_analysis aday ago

plt.figure(figsize=(14,8))
for index, row in df.iloc[idx max].iterrows():
if row["efficiency"] < filter for efficiency:
continue
cell = row['cell name'1[0]

curve fud = curve data.get(f"{index} {cell} Forward Light")
curve rev = curve data.get(f"{index} {cell} Reverse Light")

p = plt.plot(curve fwd.get("voltage"), curve fud.get("current density"), label=f"PCE: {round(rowl'efficiency'],3)},\
voc: {round(row[ *open circuit voltage'l,3)}, Jsc: {round(rowl'short circuit current density'],3)}, FF: {round(row['fill factor'],3)} {rowl'layer stack'l}")
plt.plot(curve rev.get(*voltage"), curve rev.get("current density”), "--",color=p[0].get color())
xlabel("Voltage [V]")
.ylabel("Current Density A/cm**2")
Tegend()
show()

10
—— PCE: 9.761, Voc: 1.065, Jsc: 15.785, FF: 0.581 NiOx_AI203_MAPbI3
PCE: 5.372, Voc: 1.012, Jsc: 14.024, FF: 0.379 NiOx_MAPbI3

Current Density A/cm*+2

06
Voltage [V]

Would you like to receive official Jupyter news? X
Please read the privacy policy.

No

0 B 1 @& Python 3 (ipykernel) | Idle Mode: Command @ Ln1,Col1 jv_analysis demoipynb 1 [}
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