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HIGH-PERFORMANCE VISION SYSTEMS
RESEARCH FIELDS

High-speed Sensing Inline Computational Imaging Al-based Inspection

= High-performance camera and Simultaneous 2D & 3D Imaging = Vision + Computation + Al
illumination concepts and systems Combination of model-based and

High-performance algorithms for data-driven learning

= High-speed sensing concepts 3D reconstruction and image
enhancements = Semantic segmentation
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IMAGE PROCESSING
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IMAGE PROCESSING
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FEATURES DETECTION
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VISUAL INSPECTION

Peaddad Mos

wed (eothimbation

Identify defective products on your
assembly line Inspect automobile parts for defects Detect defects on VLSI Wafers
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MACHINE VISION

Accuracy and precision

©

AN

Improved quality

Safe and stable

0,
by

Efficiency

Cost reduction
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CLASSIC MACHINE VISION LIMITATIONS

Performance

Al & Machine Learning

Classic Machine Vision

&
Amount of Data
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ARTIFICIAL INTELLIGENCE

DEEP LEARNING

A subset of ML that uses neural networks
to learn patterns from data

MACHINE LEARNING

A subset of Al that learns patterns from
analyzing a large amount of data

ARTIFICIAL INTELLIGENCE

A type of advanced technology that
mimics human intelligence




THE PIONEERS OF Al

Warren McCulloch and Walter Pitts

A Logical Calculus of Ideas Immanent in Nervous Activity (1943)

- Describing the with a mathematical model the behavior of biological neurons

Frank Rosenblatt

/

The Perceptron - a perceiving and recognizing automaton (1957)

1st computational use of a Neuron (perceptron)
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https://www.bibsonomy.org/bibtex/13e8e0d06f376f3eb95af89d5a2f15957/schaul
https://blogs.umass.edu/brain-wars/files/2016/03/rosenblatt-1957.pdf

THE FATHER OF Al

» Geoffrey E. Hinton (1986)
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Single-layer perceptron
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Multi-layer perceptron
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ARTIFICIAL NEURAL NETWORK
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ARTIFICIAL NEURAL NETWORK
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HOW DOES IT LEARN?

Forward Propagation

Backward Propagation

"\ Kerative process until
loss function is

\' minimized

==
X
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TYPES OF LEARNING
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HARDWARE ACCELERATION

« CPU
« GPU

- TPU 5 ®
» Outsourcing clusters l I'I tel

Cloud TPU ™"
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ANN ARCHITECTURES

connected networks
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ANN ARCHITECTURES

Recurrent neural networks
Hiddei Layer
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Output

Input
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ANN ARCHITECTURES

Convolutional networks
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ANN ARCHITECTURES

Auto-encoders
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ANN ARCHITECTURES

Generative Adversarial Networks

sampling >
Discriminator
Dy ANy Metacx b (DON]

) 0
@
L, 90 e%c00

®

'

’ —— o
e _0©o ®

® Generator e} S 6

.. >

o9 26



ANN ARCHITECTURES

Transformers

MLP
Head

Transformer Encoder
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HOW TO CHOOSE?

Fully-connected Convolutional Recurrent

Transformers
networks networks networks

Rule of thumb:
« classification and regression tasks, FCN
» Visual and spatial data CNN,

« time series and text RCN or Transformers
28



HOW IS IT USED? 3BELIEVE

g c[“‘t |
3BELIEVE

Agglomerations Cracks Cavities Blade trails
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CRACK DETECTION ON STEEL BILLETS | Sje]xsagie]\
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Standard ICI'| Photometric Stereo Deep Leaning
Image

The solution combines

» modern Al approaches with the

= costomized ICl technology (Inline Photometry) and
» enables for robust and reliable crack detection.

21.11.24 31



PLATFORM ZERO PRODUCTION OF THIN FILM
PHOTOVOLTAICS

'ss 1 Process 2 Process 3 Process 4 Process 5
- Adv-SS1 = T Adv-552 Adv-553 Adv-554 . Adv-555
’ A | | d | Y , : \ .
““’» i L ‘ 3 ’ F‘. L : d v ! ;«w Many different sensor and Data formats
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Issues

Many setups
Many sensors
many configurations

Model for one PV
plant may not be
suitable for another

Data fusion & conditioning (100M
dims to ~1k dims => input vector)
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CLUSTER ANALYSIS

» First test sets of Kesterite sampels _.

WP3 Development of Al system:
i’ Task 3.3 implementation, testing and optimization of Al-system

LDA
10+« © Cmsd
Class 2 LDA fitted to each senor exclusively
3 Class )
Train/Test spit 80/20
0= FL&S P63} Ramand | Raman5) | Ramanbl  Reflectanc  Reflectanc  XRF
s . 3 elmg Soec
-4 . Accury 875 23 698 694 “%6 W2 10 515
§ Fiscore W73 7S 2 687 “e 174 ”o S48
=107 All F1 scores demonsirate M least smoderate performance, eatept for Reflectanceimg, whikh shows poor
performance Mely due to the kmited dimensionality of the spectra. Combining different sensor modalities
«1% + heads 10 an F1 score of 100%! This gives ut confidence tAat with the integration of even more sessor
; nformation and data fusion. we are wel-prepared for vanows PV production modalities.
]
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NEW FRONTIERS

« Large Language Models
« Human language recognition and interpretation
« Chat bots
«  Sentiment analysis

A ChatGPT
+ Online search Gemlnl d

« Vision Language Models

- Text-to-image and Image-to-text interpretation L L q M A

« Semantic analysis
by 00 Meta

« Segment Anything Model h\
Midjourney
o~

34


https://segment-anything.com/

EXAMPLES OF WHAT Al CAN ACHIEVE
Timecline of imrges geoerated by artificlal intelligence [T

2015

Fest scares of A6 systeas on variows capabilitics relative 1o human performance
. vl ot A " 300 » ’ ”~ 2 v

2014
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https://ourworldindata.org/brief-history-of-ai



https://ourworldindata.org/brief-history-of-ai

FUTURE PERSPECTIVE

» Al researcher Ajeya Cotra:
Al system could match that of the human brain. The idea is that, at this point, the
Al system would match the capabilities of a human brain. 50% probability that such
“transformative Al” will be developed by the year 2040, less than two decades from
now.

Hinton 2023: expresses concerns about the rapid progress of Al, considerable change
to society.

Unclear what happens if that happens, how smart will it be, how much influence can it
develop, how manipulative can it be?

These things need to be regulated especially self-improving Al Systems

https://ourworldindata.org/brief-history-of-ai 36



https://ourworldindata.org/brief-history-of-ai

CONCLUSION

It WORKS!
But regulations are needed

Market Size in USD Bn

Al Vision Inspection Market

110.5
178 218

2018 2019 2020 2021 2022 2023 2024 2025 2026 2032

https://www.marketresearchfuture.com/

CAGR
.(2023— 2032i

22.50%
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# SUNPLUGGED

UPSCALING OF ADVANCED NANO-AND

MICROTECHNOLOGIES FORTHE PRODUCTION
OF MADE-TO-MEASURE PHOTOVOLTAICS

NEXTGEN 2024 Palma de Mallorca- 9/Sep/2024

Andreas Zimmermann- Sunplugged GmbH
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Co-funded by
the European Union
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Outline

* The idea and the setting
* Our technologies

* Some challenges in the
upscaling process

* Platform-Zero as enabler for
the production of made-to-
measure photovoltaic
modules

I
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Photovoltaics today

Economies of scale, standardisation has led to enormous cost
reduction and market expansion

Silicon solar cells are the work horse of the industry
New photovoltaic technologies are emerging (e.g. Tandem, Perovskites,...)

Industrial exploitation is happening on the fringes in niche applications




The power of integration. .. =/

There s a lot more space
in between..
Internet of Things
Mobile Devices
Automotive
Lighting/Infrastructure
Building Integration




Sunplug your life

LIKE A TAILOR
DOES IT

WITH FABRIC,

YOUCANDO'IT
WITH ENERGY ¢
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Flexible thin-film photovoltaics

Economic roll-to-roll
production

Pliable film for

easy integration Total freedom in

module layout

Upscaling of advanced nano-and microtechnologies for the production of

6
e



The three pillars of Sunplugged’s made-to-

measure PV foil

Glass/Steel Substrate
sustains high temperatures
deposition processes (>550 C)
Mechanically robust, yet pliable

Acts as backside barrier against
water vapour.

Alkali metal source

SunP CIGS Process

Pure metals enable
low production costs

Good adhesion of CIGS

Good controllability due to
sputtering of metallic precursors

Homogeneity over web width

Printed interconnection
Full freedom of module design

Output voltage is determined
by number of scribes per given
area

Reduced interconnection losses

Deferred process on soiar cell

7



Serial interconnection of solar cells is needed
to obtain a certain voltage

Defines main characteristics of the final PV
product like voltage, size, shape

@Mission:

Conceptualise and develop a serial
interconnection that allows the production of
photovoltaic modules with varying voltages,
sizes and shapes ’on the fly”

The interconnection




Deferred interconnection utilizes laser and :Z
printing techniques

Material removal only from top side after entire layer stack has been
deposited

“on-the-fly* definition of
geometry and voltage by laser
scribing/printing combination

Base material: highly
efficient R2R-produced
CIGS solar cell

Monoscribe - Inkjet-printed interconnection for thin-film photovoltaics

9
e



Step |:Laser process =/

Laser grooves of different depths are cut into layer stack using a
short-pulse laser
* Pl: Material is divided into individual cells

* P2: Exposure of back contact
* P3:separation of front contact

Puffer layer (CdS)

Monoscribe - Inkjet-printed interconnection for thin-film photovoltaics



=/

Dielectric ink

Step 2: Printing of dielectric ink

* “Isolating” laser groove is filled with dielectric ink
my means of inkjet printing

Puffer layer (CdS)

Monoscribe - Inkjet-printed interconnection for thin-film photovoltaics

11—
S olergoe



Step 3:Serial interconnection by printing =7
silver ink

““Back contact” laser groove is filled with conductive ink by means of inkjet
printing or dispensing

Back contact of “left” cell is electrically connected to front
contact of “right” cell

Back contact (Mo) €

Polyimid

Monoscribe - Inkjet-printed interconnection for thin-film photovoltaics 12

Pl rgoec



Advantages of the printed interconnection =74

Total freedom in design
Variable module voltage, size,geometry
Simplified Module Assembly —e.g U-shape

Location of junction boxes

Additional printing process




©

Mission:

Develop a high efficient solar cell on a

flexible substrate

Enable the printed interconnection
High efficiency potential

Lightweight

Thin

Flexible for integrated applications
Cost-effective Roll-to-Roll production

The solar cell




Flexible thin-film photovoltaics =/

Sunplugged's solar cell based on Copper indium gallium diselenide
(CIGS)

High Efficiency
Stable
Energy Yield

2 Front contact

U B ffer layer: CdS

Absorber:
CI(G)S

Thickness of
thin film: 3pm

Back contact:
molybdenum

Substrate

15
e



The choice between two processes =/

Sequential CIGS Process Hybrid Sputtering/Evaporation process developed

Precursor CIG plus selenisation on lab-scale together with Uni Bicocca Milan
our first approach together with an From 2015 onwards on
Austrian equipment manufacturer On polyimid foils ©

(2012-14)
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The principle of our CI(G)S process

substrate heater 1%t Step 2" Step 3nd Step NaF
R A ] o e e\ L () Ve e (e

substrate

metal vapor (In, Cu) ~—]

selenium vapor —

selenium source (Se) |
evaporator ——
plasma

magnetron/
target

.,|}..

17 G—



Hybrid Evaporation/Sputtering Process =/




Complete breakage of foil during R2R run Selenium poisoning of Gallium melting
targets during process

“Dirty" Process Data,etc ....



Some milestones

Novel R2R CIGS process is now
stable and works

CIS Solar Cells with 11,8 "% Efficiency
(Autumn 2017)

CIGS Solar Cells with 12,4% Efficiency
(Spring 2019)

CIGS Solar Cells with 14,7% in Roll-
to-Roll (Summer 2021)

Ordered vacancy crystal phases
on top of the CI(G)S layer



Micro cracks still occured on polymer
substrates




[@...so one more thing:

Develop a novel flexible
substrate that sustains high-
temperatures and

can be used together with
the printed interconnection




Glass-like barriere coating on steel foils =74

Thin and flexible glass-like layer on thin steel foil
Application by spray-coating, R2R-coating or slot-
coating for mass production

Corrosion protection and iron ion diffusion
barrier

Optionally alkali supplying layer for increasing the
solar efficiency of CI(G)S

Coating Material developed by INM Saarbrucken
Sodium-silicate sol-gel system “NaSi”
Potassium-silicate sol-gel system “KSi”

23



Flexible dielectric substrate EZ

Thickness can be controlled
by varying v,

Multilayer structure
Pinhole-free

Fully flexible due to alkali addition

Thin Monolayer Bi-Layer




Z

The origin of large-scale poor adhesion lies in
the incompatibility of CTE between Mo and
the passivation layer

S

A metallic interlayer (Ti) has been introduced
to compensate for the large difference
between CTE values of the passivation layer
and Mo back-contact

|

Issues, like large scale adhesion..

large
dlfference

Passwatlon Mol bdenu

Mean CTE (10 ‘I°C) ~9-10




..and other defects were finally solved
OnlyK  NaK=1I:1

If delamination happens early in  Optimisation of recipe Defect-reduced large scale CIGS
process, CIGS is deposited in Solar cells 26
crater




The importance of defect-free layers for PV~ =7
modules

Every defect and inhomogeneity adds up and increases the Cell-to-Module gap in

efficiency
Serial interconnection demands uniform solar cell material

The bigger the underlying solar cell the more “risk” of defects, resistivity losses

Propagation of defects

flexible _b, flexible SiO2-steel CIGS Solar Cell on One Step Laser Printing Printing of
steel foil eabatgs " P nexible $102.55 substrate scribing = of dislectic ink o S




The upscaling

=/

Mission: @

2 Upscaling of all processes to Roll-to-

Roll production (500 mm for cell
and 250 mm for interconnection)

Achieve an annual pilot production
capacity: of 5 Mwpeak

(average >14 7% module efficiency)

Production yield >90%




Completion of 5 MWpeak in progress =74

R2R Substrate Production R2R CIGS Production R2R Interconnection

Slot dye coating of SiOx Gel

Hardware and process
know-how is constantly evolving

Process data is monitored

Module Production

However for full production
inline process monitoring of
Device properties is crucial Sputtering Buffer & Front Contact R2R Back-End




Crying need for ,,in-line” quality control =/

R2R Substrate Production R2R CIGS Production R2R Interconnection

Slot dye coating of SiOx Gel

Data
Management

Wi

Al system

Module Production

PI atfo rm -Z E RO Sputtering Buffer & Front Contact b 2 Bk'ENd




Integration all along the process chain

Adv-SS (Process)
Adv-SS Sul
(Dielectric coating)

Adv-SS Su2
(Absorber synthesis)

Adv-SS Su3
(ZnOS buffer + TCO
deposition)

Adv-SS Sud
(Monoscribe
interconnection)

Sample type

Coated steel foil (roll)

Inspection techniques

Visual

Adv-SS 1 [— ﬁ Adv-SS 2 ~ Adv-SS3

LIBS

Raman

Process 2 Process 3 Process 4 Process 5
Adv-SS 4

Wl e | R | o
.lL T ), [ el M 2 A}

Adv-SS 5

\ PV modu\e

Reflectance

Reflectance imaging

PhotoLuminiscence

PL imaging

Visual inspection

Raman

Reflectance

Reflectance imaging

PhotoLuminiscence

PL imaging

Time-Resolved PL

Impedance

External Quantum
Efficiency

Current-Voltage IV

A N R e
"100 150 200 250 300

Visual inspection

Current-Voltage IV

ElectroLuminiscence

Visual inspection

Raman shift (cm™)
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=7

1

Expected outcome

* Better understanding of material properties, processes — what is noise and what
IS important

* Making the processes ,,knowable™ and reproducible

* Integrate automated feedback loops for automated process control.

* For instance fully automated selenium flux and adjustment of sputtering
parameters in CIGS process due to inline data

Platform Zero 32



Summary

Reducing defects and inhomogeneities is crucial for production

Sometimes it’s just simple things but small details matter

Data is crucial for upscaling and continuous improvement

Delicate processes can be controlled by active feedback loops

Inline process monitoring and active control loops are key for
reproducibility, high process yields and low scrap rate.

With the modular tool set developed in Platform Zero viable
manufacturing of novel PV materials is achievable!

Platform Zero

33



RESEARCH TO MARKET

SOLUTION

Platform ZERO
From Laboratory to Industry
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NextGen2024

N R2M Solution

Founded People
2012 130
5 branches

About us

From Research to Market

R2M Solution

Research

100+
R&D projects

Funds raised

395 M
Total R&D
Portfolio

Funds raised

23.2 M

Client tfechnology
Development

First fime EU
50+

Organizations




NextGen2024

w R2M Solution

R2M Solution

Our Branches

Italy
R2M Solution S.r.l.
Via F.lli Cuzio 42
27100 Pavia, Italy
P.IVA: [T04998380879

Spain

R2M Solution Spain, S.L.

Calle Villablanca 85
28032 Madrid, Espana
VAT: ES B87348470

R Y §{‘§‘*s

s
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og% 5
oisssas
58800
8 London, United Kingdom
00s == NI 02 T 11T
00860 -4
02833’ ¢ :8° Roquefort les Pins, France

/z*:z... .iz::z:::§§§§:§§§§§=
(HQ) Pavia, Italy
i
aii i

Cagliari, Italy 090
‘z QQOG

°% Catania, Italy
\ Madrid, Spaln:
: °s?

900

France
R2M Solution SAS
Les Galeries de Beaumon

06330 Roquefort-les-Pins, France
VAT: FR11828579367

United Kingdom
R2M Solution Itd.
Flat 4, 74 Holland Park
London, W11 3SL
VAT: GB259731081



From Research to Market

Our Journey

NextGen2024

& R2M Solution
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R2M Solution
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NextGen2024

o~ R2M Solution

R2M Solution

lInnovative products

IES ICL: digital twin
for local energy
communities

ﬂl ZUTEC

Lutec:
Management
platform for the
construction sector

i .
w¥ synavision

Synavision: Building
commissioning
software

E] Matterport’

Matterport: 3D scan
for building digital
twins

3% | BIMcollab

BIMcollab: BIM
management

BRAINBOX

Al for building HVAC
optimization and
automation

(P GREENPASS®

GREENPASS:
nature-based
solutions in urban
areqs

.
o e

Onyx Solar: semi-
fransparent
photovoltaic glass
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R2M Solution

R2M Solution

Maximising the impacts of
Plattorm-ZERO research: our
Dissemination, Exploitation ana
Communication (DEC) strategy

Co-funded by
the European Union

Co-funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European
Union or European Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.



R2M Solution
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RESEARCH TO MARKET

SOLUTION

=l

R2M ltalian branch serves as the Platform-ZERO
iInnovation manager, while R2ZM French branch serves
also as communication and dissemination manager.

't will develop a tailored strategy to ensure maximum
success of project mpact by performing Dissemination,
Exploifation and Communication (DEC) actions in line
with the methodologies, results and outcomes
generated In the project.
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Make a difference — make an impact.

Implementation Strategy: guiding principles

@msmg 1@

Greater transparency and further simplification (model grant agreement
and guidance to beneficiaries)

e Fostering synergies with other EU funding programmes

e Easing access {has

tandare nnrtal

Horizon Europe legislation defines three types of impact Communication, dissemination

tracked through Key Impact Pathways and exploitation activities are an

integral part of Horizon projects
— and in Horizon Europe in

ding and
project

1. Creating high-quality new knowledge
2. Strengthening human capital in R&! R
8 3. Foslering diffusion of knowledge and Open Science y Sl it

particular! - to help maximise the
impacts of EU research &
5. Delivering benefits & impact via R&l missions st |nnovat|0n fu ndlng

6. Strengthening the uptake of R&l in society

4. Addressing EU policy priornties & global challenges through R&I

Economic

Iimpact

“ European
Commission
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WHY THEY ALL MATTER AND WHAT IS THE DIFFERENCE?

Exploitation:
Make concrete use of results

Dissemination:
Make your results public

Communication:

Promote your action and results Commercial, Societal, Political Purposes

Open Science: knowledge and results (free of charge)
Inform, promote and communicate for others to use

your activities and results

;& Only by researchers?

Not only, but also:

« Industry including SMEs

: - Those that can make good use of them:

‘gj How? soclety authorities, industrial authorities, policymakers, sectors of

+ Having a well-designed strategy 4 How? interest, civil society

- Conveying clear messages : : 2
- Using the right media channels PUb.l |shi.|;g Yo re.sults el 4 nawi
+ Scientific magazines - Creating roadmaps, prototypes, softwares

@ When? . Scientific and/or targeted conferences . Sharing knowledge, skills, data
- Databases
From the start of the action until the end

,(& Only to scientists?

Not only but also to others that can learn from the results:
authorities, industry, policymakers, sectors of interest, civil

/& Reaching multiple audiences
Citizens, the media, stakeholders

() When? ( When?
Q Why? At any time, and as soon as the action has results Towards the end and beyond, as soon as the action has exploi-
. Engage with stakeholders table results
- Attract the best experts to your team C/ Why? & Why?
« Generate market demand « Maximise results’ impact Q Y
- Raise awareness of how public money is spent . Allow other researchers to go a step forward - Lead to new legislation or recommendations
- Show the success of European collaboration . Contribute to the advancement of the state of the art - For the benefit of innovation, the economy and the society
. Make scientific results a common good - Help to tackle a problem and respond to an existing demand
Legal obligation of your Grant Agreement Legal obligation of your Grant Agreement Legal obligation of your Grant Agreement

What else? {. | ._'- Acknowledge the EU funding!
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22 $03 ¢\) EUROPEAN COMMISSION TOOLS

(" E

& ) i
p\ Research and Innovation success stories @0 @ Horizon Dashboard @ @

A collection of the most recent success stories from EU-funded AR .ln?umve and interactive knowledge p!atform Where you c " extn.':tct
: statistics and data on EU Research and Innovation programmes - sorting by topics,
Research & Innovation.

. countries, organisations, sectors, as well as individual projects and beneficiaries! 4
2 K ,

_ a8
b | [ﬂ) Horizon Results Booster @ @
CORDISo 0@
A service free of charge in case you would like to apply to benefit from one of these services:
Multilingual articles and publications that highlight research 1. Portfolio Dissemination & Exploitation Strategy
results, based on an open repository of EU project information. 2. Business plan development
3. Go-to-Market Support

f

’

@ Horizon Magazine @

The latest news and features about thought-provokingscience
and innovative research projects funded by the EU.

fg."-.’ Innovation Radar @ @

A data-driven method focused on the identification of high potential innovations and
the key innovators behind them in EU-funded Research and Innovation projects.

{

a @ Horizon Results Platform @ @

ﬂ Horizon Impact Award @ A public platform that hosts and promotes research results thereby widening exploitation opportunities. It helps to

bridge the gap between research results and generating value for economy and society. You can create your own

An annual prize to recognise and celebrate page to showcase your results, find collaboration opportunities and get inspired by the results of others!

outstanding projects that have used their
results to provide value for society. The award 5- V.
enables individuals or teams to showcase their |
best practices and achievements, and ins- |
pire beneficiaries of research and innovation f. Communication 3
funding to maximise the impact of their

_research! | @ Dissemination & Fuling & Terdars 0
| \. Exploitation p (><) Research Enquiry Service

Keep in touch

;& Contact your PO
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CORDIS

European : an :
£ O Log in ) English
- Commission 9 o/ =g

CORDIS - EU research results

Home | Thematic Packs Projects & Results Videos & Podcasts News Datalab Search

Search

EUROPE

Fact Sheet Results

Project description

EPEEQE

Al-based process-monitoring platform for third-generation photovoltaics

Photovoltaics (PV) are crucial in fighting climate change and transitioning to green energy sources. Third-generation
photovoltaic technology aims to achieve high-efficiency devices and improved adaptability for different applications
in different sectors. However, the precise and complicated production process results in huge amounts of waste due
to defects. In this context, the EU-funded Platform-ZERO project is developing a new industrial process-monitoring
platform for third-generation PV using Al to revolutionise the production process and impactfully reduce defects and
costs. To achieve its goals, the project will develop novel sensors and methods for in-line industrial inspection that
will improve the quality of third-generation PV and reduce its environmental impact by minimising the waste of
energy and valuable materials during production.

Show the project objective

Fields of science

natural sciences > computer and information sciences > artificial intelligence

engineering and technology > materials engineering > coating and films

Customizable Al-based in-line process monitoring platform for
achieving zero-defect manufacturing in the PV industry

Project Information

Platform-ZERO
Grant agreement ID: 101058459

DOI
10.3030/101058459 (5

EC signature date

9 December 2022
Start date End date
1 January 2023 31 December 2026

Funded under
Digital, Industry and Space

Total cost .

€ 10 190 043,75

EU contribution
€9131043,00

Coordinated by
FUNDACIO INSTITUT DE RECERCA DE L'ENERGIA

DE CATALUNYA
= Spain
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Dissemination, exploitation and communication (DEC) of the project results

Platform-ZERO Z

D7.1 - Dissemination and Communication strategy, roadmap and KPls

3 Project Information

Grant Agreement Number 101058459
mm'mm Customizable Al-based in-linc process monitoring platform for
achieving zero-defect manufacturing in the PV industry
“Project Acronym Platform-ZERO
Start date =
of the project 1" January 2023
Duration 48 Months
“Project Coordinator Victor Izquierdo Roca (IREC)
Project Website https://www platform-zero-project.cu

Deliverable Information

Deliverable n® | 7.1
Deliverable Dissemination and Communication strategy, roadmap and KPIs

title
Partner no. 1 2 3 4 4.1 5 6 7 8 9 10 11
Part. Short Rec | arr | zsw | B3M- | RM- ) or | sun | wenz | risc | mze | uro | sau
name IT FR
Deliverable v
Leader
Contributing
v v v v v v v v v v v v

Authors Regis Decorme, Pascal Torres, Moijtaba Maktabifard (R2M-FR)

All project partners contributed to review and to provide inputs for this deliverable, in,
Contributors particular for the identification of D&C multipliers (chapter 8) and for the identification
of activities to be conducted over the first year of the project (chapter 12)

Reviewers Anna Magras¢, Victor Izquierdo, Ignacio Begerdl (IREC)

Deadline 31-May-2023
Delivery date
to EC

Dissemination Level

PU | Public v
PP | Restricted to other programme participants (incl. Commission Services)

RE | Restricted to a group specified by the consortium (incl. Commission Services)

CO | Confidential, only for the members of the consortium (incl. Commission Services)

30-May-2023

DEC Strategy, roadmap and KPlIs

Completed and continuing

In the first instance, the purpose of
the Platform-ZERO D&C plan is to
raise awareness and communicate
broadly about Platform-ZERO aims

organizations and stakeholders of the
Platform-ZERO project outputs.

Started, ongoing
A subset of the “Stage 1” target
audience for whom D&C for
awareness activities is targeted, will
potentially be able to directly
benefit from the project in
significant ways. For this group, an
important function of the D&C plan
1s to provide a deeper

understanding of Platform-ZERO
project’s work and innovations.

Not started yet

Yet another “Stage 2” subset of the
Platform-ZERO stakeholders will be
potentially interested to adopt and
implement the project’s outputs such as
the Platform-ZERO developed in-line
process monitoring platform. This group
will be equipped with the required skills,
knowledge and understanding of the
achieve a real change and to foster a
greater uptake of zero-defect PV
manufacturing.

14
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Dissemination, exploitation and communication (DEC) of the project results

Development of the "Dissemination & Communication strategy, roadmap, and KPIs"
Key Stakeholder groups and main messages

KER
Nav-

% \v-<
3/ A«

C . /

4

Stakeholder Groups

PV, Smart coatings, batteries

semiconductor, and related
production industries

Metrology sensor industries

Data scientists and data
management industries

Maternals, optoelectronics,
PV, batterics coatings, Al
research

Main Messages

=» Non-destructive inspection methods and sensors for in-line
monitoring of complex PV materials and devices, prevention
of defect production at early stages. and fast feedback for the
process reconfiguration.

=» Advanced sensor station architecture compatible with
customizable sensor arrays for in-line area mspection of third
generation PV industrial production.

= Infrasttucture and software architecture for the
interconnection. management and control of the Al-based

multi-source n-line process monitoring based on different
techniques and at different production steps

=» Developed monitoring sensors and methodologies 1s a
pathway towards the autonomous R&D on novel matenals
and devices.”

15
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DEC KPlIs and targets

Stage 1. target Actual performance .
Cumulative target

M1-M12 M18

Public website

N° of views 500 Around 1000 5000 4500 10000
Social media posts (posted both on Twitter and Linkedin)
N° of posts 5 Over 30 25 20 50

Peer-reviewed papers (T7.1)

3 published

2 about to be released

N° of papers - 10 12

(\®)

Clustering workshops with sister R&I project (T7.3)

N° of
workshops

1 in progress

NextGen2024
)

National and international press releases (T7.1)

N° of press 1 released
1 : : 2 2 5
releases 2nd in preparation

Presentations of scientific research at conferences (T7.1)

N° of
presentations

[E—
)
o0
(@)

15

Industrial fairs (T7.1)

N° of
attendance

Training for industry and SMEs (T7.2)

10

R2M Solution

N° of trainings -

(V)]
()]
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DEC multipliers
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Dissemination, exploitation and communication (DEC) of the project results

Social media

Regular posts to

promote project partners,
events, publications,
milestones, etc.

The EC, Hadea and EFFRA

are always tagged.

=y Platform-ZERO

L 262 followers

10mo - G)

Platform-ZERO

®

Looking back at the EFFRA Manufacturing Partnership Day (26 September,
Brussels). A great opportunity to network with other R&l projects supported
by European Commission and European Health and Digital Execut ...see more

‘—
cam— 262 followers
—_—

7mo « Edited -

Already 6 months of research progress toward achieving zero defect

manufacturing for the photovoltaic industry

+.S€ee more

1T comment - 4 reposts

Platform-ZERO

_.'——'Z 262 followers

5mo - ®

Y Congratulations to Robert Fonoll, young researcher in the Solar Energy
Materials and Systems group of IREC - Institut de Recerca en Energia de
Catalunya, who has obtained one of the 8 Pioneer 2023 awards gra ...see more

——
- -

remis
oher 2023

.=y Platform-ZERO
.=Z 262 followers
8mo - Edited - ®

Find out more about our partners on the Platform-ZEF

Today, let us introduce you to IREC - Institut de Recer

.= Platform-ZERO
_-_._—'Z 262 followers
1mo - ®
S 1 = We are thrilled to announce our upcoming Summer School, focusing on
- advanced Al-enhanced characterization and monitoring of third-generation
Shaping Energy for a Sustainable F uture = photovoltaic (PV) technologies. This event is perfect for industrial el ...see more

— =
EmEmE

Our project partners - IREC

Wa I
0 s

'ii \M
CuUrsos de

€ Laurin Ginner and 13 others 2 reposts

OLAVIDE EN CARMONA

Platform-ZERO on LinkedIn « 1 min read

IREC is a publicly funded institution created in 2009 based in Barcelona that conducts innov.

(o RV 2 reposts 1 8
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Project Website: Regular posts (over 30 during the first reporting period) published in the News section

Users @ New users & Average engagement time @ Total rew

931 250 42s $0.0 ?

Platform-ZERO

Achieving zero defect manufacturing
for the photovoltaic industry

<
N
(@)
AN i
C
O
(_2 1C
: W] Ub \
v Ml AW M (
a1 cl 0l I gl i
Jat age -ul ot Jan Ve
What is Platform-ZERO?
WHICH PAGES AND SCREENS GET THE MOST VIEWS?
Usersv by Country @ -
. Views by Page title and screen ¢lass @ -
— al - ‘ COUNTRY USERS
& ~ < ' PACGE TITLE AND SCREEN VIEWS
Unitedd States 144
Platform~ZERO Objectives P 1% PrSNORRYZRN0 = PRt - K
About - Plattorm-ZERO 209
- - Franpe 114 —
O -’2 n : — News - Platlfeem - 7620 105
= Zero Sensor Spain 102 wo—s
2 Defect wm’ — Resourtes - MationmrZERD 190
O . Neatharands 74 P
W DIttt S e == Fariners - Flatfonm-ZERD 184
E I e IR IS T ) | onint 800 lodedte Australin Sh <2 = Z
~ e e ave 4 Lo = Demonsiratees ~ Platfoem-2 115
e LA T R 2ed NS Fird 20 =
o B R L SRR U L oa _'r e 2 Contact - Platform-2E20 19
IR Tl TR 'Y EEEARE W PRI Wy 29 W -

7, ) A
view cauntries. =3 View pages and screens 3
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4
|
DEC toolkit: ¥ i3
PRtform-Zero
« Various materials translated in local
language (EN, CA, ES, DE and FR). GET IN TOUCH
: WITH US
« Updated according to the needs of it i
project partners. ﬁ AneMgries Platform-ZERO Platform-ZERO
‘_‘0:;"‘;“"1 e, Achieving sees defect woslechuring for the Achieving zero defedt manufacturing for the
Weheakoge Tosrier A photoweltalc Indusyy photovoltaic industry
ATIFIIMOIIN »
PEC Cotwlonds et 3as Yor ey Feasexh ‘
m.u(n‘ru. of 50 a1 energy to become & bey dean l !
KL 4345 3503815 Jon 23001 energy source b Europe and impeoee the ‘
tumpetitivesen of the Eurcpean PV induairy, :
< Régis Decorme the cveral peodiuction guality of PV devom
S : | I 0 [ Covonmicall ovmarigty e rrast e improved and the fabricstion costs
N ‘ 17 s TER Rt veed (o be lomered, wiid vy be
qc) ::: {:‘ :: o Sehirion Fanca dh’il:d um:q.;t 200 dc‘ut!||:::::‘.¢'tu.~rivg
O Piatform-ZERO M:“ BTG Platform-2eve sl 1o tazkle the chalengng
X —— Vb 40665 475 % i :*-:;';s:r 3 m"“*f:?;m Holistic modulor in-line process monitoring and
g AP Whn W k. .
Z - l:: Ane process moxtonng platfem conivol seletion for fhe fhind gessration PV
2 - Co-funded by ’ tETRY vappocted Dy eelific o inleligence
=S Z B Hrpme
- m Pt vl
@ g wn e % 1) iy1tom for autonomoe: monitoring and control
3
lz
:i:-.—‘: ",:Q ’REC.’ AIT""‘?' . -?\ Rm ( =i :' | Ll reyiyore S G A e em o st wlwd Vv e S s s vene . ' ' IL‘;:‘;::‘-’.::-,HNL.\
v SOLUTION . 4 v RO WG R s e el g one e s 1wy
, GENZ  RISC HIB Ba @ SAULE
CONTEXT 2
- INSERT BRIEF CAPTION
C —_———————— -~} I// -------------------------------- \\ :
g ; THANK YOU, GET IN TOUCH! : | | e
_5 ki ' ' . 3 PAITOANILED : : r LENZ
D R U [N LCN L VNG | ' -” : f:
8 @ riarroruzER0 N GPLATFORMZERO EU  d@s WWW.PLATFORMZERO.PROJECT EU E INSERT i )
E Funded by m.e European Union. Views and op:v..‘.‘?m axprassed are however rhpse of the authorfs) only and do : I : d: “
N : iz s s i isacs st i gt i shoviy s Sl s o } i
xx : { ,‘ “ve Co-funded b
i \ . e Y
== o - ) A *._.* | the European Union
: | Codunded by
: (a O P (R4 IR0 8 CL BY tha Evropean Union funded by the Burspean Uion. Views and opilt iont eaprened ace Aceever thawe of $9e authorlt) coly and do

rof 2 ecetsarty sfect Pane of the Bumpesn Ut ion or Eumceen Heslts and U tal B catve Agency IHADZA)

He ther 1he Euromseas Livsen a e the Grenting sver Ny Can e hald sesgaoni e o The=
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2 promotional videos
 One general introduction
* One on the technical concept (animation)

- Platform-ZERO Technical Concept

k)

¥ |

Y A

' == Regis Decorme

Q Platform-ZERO ' l

Feeding
‘ Process 1 Process 2 Process 3 Process 4 Process 5
\ Adv-SS1 ;  Adv-SS 2 Adv-SS 3

=P L
111 nMtpsy/platform-zero-project
\ 7 o G
|
= [ l B o T e I
@PlatformZero_EU ‘ ' PV module
Platform-ZERO ]

PLATFORM = ZERO

NextGen2024

Co-funded by
the European Union

Co-funr*ogobythe European Union. Views and opinions expressed are however those of the author(s) only and do not

02:
> ) © & 53 i vimeo

R2M Solution
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Press releases

l REC q CONTACT Jous o °
o ey ABOUT RESEARCH TECH TRANSFER PEOPLE PRESS & SOCIETY I PLEMCAT PRIMA Q
NEWS FOR THE MEDIA EVENTS MULTIMEDIA QUTREACH & SOCIETY ° CORPORATE IDENTITY

Platform-ZERO aims to reach zero defect

— Press release

Platform-ZERO aims to reach zero defect manufacturing for the
photovoltaic industry

e Platform-ZERO is a new project co-funded by the European Commission that aims
to substantially reduce production costs for industry in the photovoltaic sector

¢ |In-line process monitoring, control and artificial intelligence strategies are key
technologies to reach zero defect manufacturing

e This strategy will now be tested in four different PV industrial pilot plants
throughout Europe

Barcelona, January 31st, 2023. The Platform-ZERO project, starting this month,aims to
improve the overall production quality of photovoltaic devices, and at the same time to lower
fabrication costs, through zero defect manufacturing. This will be achieved by applying in-line
process monitoring, control and artificial intelligence strategies, and implemented in four
different pilot plants in four different countries.

Solar photovoltaic (PV) already provides an important contribution to the European energy mix
(3.1% of EU-28 gross electricity generation in 2020 (source: Eurostat), and solar energy has the
potential to meet 20% of the EU electricity demand in 2040 (source: BloombergNEF). The
latest generation of PV technologies combine high performance with a strong flexibility for
integration in buildings, vehicles, agrivoltaics and internet-of-things devices. However, their
high-complexity makes them prone to the appearance of critical defects with just small
deviations from standard manufacturing conditions, leading to significant production waste.

Platform-ZERO addresses this challenge by developing a new customizable in-line process
monitoring platform, supported by artificial intelligence, for achieving zero-defect manufacturing
in the third generation PV industry to allow an early detection, correction and/or prevention of
pre-critical production faults. The strategy will be tested in four pilot plants from PV and
PV-related industrial partners in Spain, Germany, Austria and Poland. The pilots are devoted to
smart coatings for PV, high-efficiency solar modules and flexible solar foils of different
photovoltaic materials and processes.

facturing for the photovoltaic

View all news

Technology Products Blog About Press Careers Conmtact  Investor Relations
% SAULE (O] f v in @
"= Help for Ukraine! ==

Saule Technologies on the way to zero defect
manufacturing as its production line becomes a
demo-site for the Platform-ZERO project

31. Januar 2023 | Photovoltalk

ZSW mit fortschrittlichen PV-Technologien und industriellen Pilotanlagen dabei

Produktionsqualitat von Photovoltaikbauteilen zu verbessern und gleichzeitig die

hocheffizienten CIGS-Bauelementen.

N4
A HOME UBERUNS FORSCHUNG MEDIATHEK PRESSE  KARRIERE

/| Platform-ZERO strebt eine Null-Fehler-Fertigung fur die Photovoltaik-Industrie an

Das in diesem Monat beginnende Projekt Platform-ZERO zielt darauf ab, die aligemeine

Herstellungskosten durch eine Null-Fehler-Fertigung zu senken, Dies wird durch die Anwendun
von Inline-Prozessiberwachung, Steverung und Strategien der kinstlichen Intelligenz erreicht|
in vier verschiedenen Pilotanlagen in vier verschiedenen Landern umgesetzt. Das ZSW untersti
dieses Projekt mit seinem umfangreichen Know-How im Bereich fortschrittlicher PV-Technolog

und industriellen Pilotanlagen zur Validierung von Konzepten auf der Grundlage von La UPO p anicip aeéen Pl atform_ZERO’

ENGLISH KONTAXT

)
“~

) Oy PRI S8 .
[\ ’ = £ T AV

Institucional Comunidad UPO  Divulgacién  Investigaciéon  Cultura Social

INVESTIGACION 23 DE MAYO

proyecto europeo para mejorar la calidad y
reducir los costes de la industria
fotovoltaica =

Platform-ZERO es un nuevo proyecto cofinanciado por la Comision Europea que

pretende reducir sustancialmente los costes de produccion de la industria del sector

fotovoltaico | La monitorizacion en linea de los procesos, el control y las estrategias de

inteligencia artificial son tecnologias clave para alcanzar la fabricacion con ‘cero
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Articles: 9 released in various magazines and news portals

Scilence

Wie Solaranlagen umweltfreundlich produziert
werden konnen

News-Ticker  Channels  fuzo Watch  fuzo Features  Specials

2 Forschungsprojekte zeigen, wie bei der Herstellung von
Solaranlagen Kosten, Energle und CO2 verringert werden
konnen.

13.03.2023

Andreea Benisa-Cruz

22U3IoS —

Community Q.8
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FROM IGNACIO BECERRIL -
IREC obtains a Horizon
Europe funded project
thanks to its Tecniospring
project

‘\"t“ 2] “JA

FROM YOU AND FOR YOU is & news sechon dedicated to messages from ressarchers 1o other researchers. Here i message from lgnacio BECERRIL o
inlorm you of a new progect his host institution obtained thanks 10 the Tecniospring INDUSTRY project MALMO
Check it out!

The Platiorm-ZERD project that started on January 2023, is a 10M€ Horizon Europe project
coordinated by IREC (Catalonia institute for Energy Research) that aims 1o improve the overall

production quality of photavoltaic (PV) devices, and at the same time 1o lower fabrication costs .

through 2eco defect manufacturing. One of the seeds that made Platform-ZERD possible s the . "";;. - -
- . . <3 f

Tecniospong project MALMO, led by Dr ignacio Becerrdl-Romero from IREC. with the collaboration - v

of the Austrian PV company Sunplugged Gmbh

The intense mteraction of IREC and Sunplugged in the frame of
the preparation and development of the MALMO project has

allowed IREC 10 have a fest-hand undesstanding of the needs of Plationn. JERD propct loge

the PV industry becoming ane of the pillass for Platform

MALVO srosect loge

ZERO. The main aim of MALMO is the development of advanced .
process mondtonng methodologies employng artifical intelligence {machine learning) that can The Piatform-ZERO pro]ect
detect manufacturing defects at early production stages so they can be corrected minimizing thesir
impact on production. Platform-ZERD & an evolution of MALMO in which the challenge of Budget: 10.000.000 EUR
mirsmizing manufacturing defects in the PV industry is tackled holistically. This s performed by

developing a new customizable in-line process monitoring platform formed by advanced sensing Consortium: 12 Ewopean partners from 6
stations and supported by artificial intelligence for achieving zero-defect manufacturing in the third different countries
generation PV industry. This holistic platiorm allows an early detection, correction and/or

prevention of pre-critical production faults. The ‘.’.'J’.(‘\],‘ will be tested in four pilot CIJ-’IY', from Lead Partner IREC

relevant European PV and PY-related industial partness in Spain (Lurederra), Germany (ZSW)
Austria (Sunplugged) and Poland (Saule) Programme: Horizon Europe

In this way, MALMO has allowed the host entity IREC to lead & Horizon Europe project thanks to Website 1w te / CORDIS database
the opportunity, knowledge and experience created by fs participation in the Tecniospring

program

of the project results
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FLATTIORN M%0

Osterreichische Firmen arbeiten an Super-
Solarzelle

FORSCHENE ML

Vou: Stefss Mayer

Mit dem breit angelegtes end von der Eurcpaischen Unien (EU) koSinanzierten Projekt
“Platviorm-ZERD" sofl on wichtiger Schritt tur sachhaltigen Prodektion vos
Photeveltadcaniagen gemacht weeden - Saterreichische Partaer spselen daber eune
peoteals Rolle.

Eine wahre Leistungsexplosicn
konnte man in den vergangenen 15
Jahzen bei der installiersen
Photovoltaik-Leistung in Osterreich
verzeichnen. Im Jahr 2007 waren
hiernalande Solaranlagen mit einer
Leisrang von 28 Megawan
installiert. Ein Megawatt entspriche

§rangen sus

Trends usd Enteric
der Welt der Lma

o iet
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Articles: 9 released in various magazines and news portals DERSTANDARD -

Wissen und Gesellschaft » Forschung  International Deutschland Osterreich Web  Wirtschaft Sport  Lifestyle Kultur
SONNENSTROM

THEMEN LOSUNGEN PUBLIKATIONEN KARRIERE NEWS & EVENTS MEDIA KONTAKT i EU will mit 6sterreichischer Hilfe
Slartseile > News & Events > EU will mat 6sterreichischer Hille perfekte Solarzellen erzeugen peﬁekte s°lanellen erzeugen

et B el Aot
PERFEKTE SOLARZELLEN ERZEUGEN >

i £

AM MARKTPLATZ DER

l] Alois Pumhosel
30. Janner 2024, 0900, 67 Postings

EU Projekt Platform Zero fir eine Null-Fehler-Produktion in der PV INNOVATION

Um im globalen Wettbewerb in der Photovoltatkproduktion, besonders gegenuber Asien, besteben 2u

konnen, setzt Europa aul effizientere und automatisierte Produktionsaniagen und aul die Integration von

kUnstlicher Intelligenz bexw. Machine-Learning Methoden zur Optimierung der Produktionsprozesse UMFELDMODELLIERUNG FUR
DarUber hinaus versprechen innovative Materialien dunnere, leichtere und effiz B —

neve Dunnschichtmodule wird Photovoltaik wesentlich vielsestiger einsetzbar

00Nachrichten warr

. FFAHRER.cOM  nows  Tests Ratgeber Kaufberatung E-RAutos E-Bikes Solar Rechner Videos a m PRIR
OBEROSTERREICH WIRTSCHAFT POLITIK KULTUR SPORT PANORAMA MEINUNG MEINE WELTY THEMENSPECIALS AKXKTIONEN

[ mercen o TEIEN "Null-Fehler-Produktion": Osterreicher streben nach - MEISTGELESEN
THEMENSPECIALS | WIRTSCHAFT | RISC SOFTWARE GMBH der perfekten Solarzelle S Bikerin stellt Motorrad bei
B . . = s 01. Februar 2024 | Kal Gosejohann ~ ' Regen ab: Bel Riickkehr traut
Revolution in der Solarfertigung: KI fiir — sie thren Augen nicht

fehlerfreie Zellen

BEZAHLYTE ANZEIGE

Alternative zum E-Auto:
Forscher macht knallharte

o = " = - Ansage
~risc AN S A\
q%9.!(.s<,m.,.,.<;.,.;,u F 2 { Atomreaktor liefert acht
- - S g
Py Kdhlung
Y cane @
Warmwasser ber

" solaranlage mit Heizstab:
Vermeiden Sie diesen
Kardinalfehler

/
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Anzeige

Hochentwickelte Solarzellen: Osterreichische Forscher arbeiten an einer Null-Fehler-Produktion

Mit innovativen Technologien strebt die Alpenrepublik nach einer effizienten und makellosen
Herstellung von Solarzellen und kénnte so die Filhrerschaft Europas bei der Herstellung von
Solarzellen einléuten,
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Journal Papers pudu: A Python library for agnostic feature selection
and explainability of Machine Learning spectroscopic
problems

Enric Grau-Luque ©'1, Ignacio Becerril-Romero !, Alejandro

Perez-Rodriguez @ *2, Maxim Guc® !, and Victor lzquierdo-Roca @}

1 Catalonia Institute for Energy Research (IREC), Jardins de les Dones de Negre 1, 08930 Sant Adria de
Besos, Spain. 2 Departament d'Enginyeria Electronica i Biomédica, IN2UB, Universitat de Barcelona, C/

The Journal of Open Source Software Marti i Franqués 1, 08028 Barcelona, Spain.
DOI: 10.21105/joss.05873

Research Article (& Open Access @ @ @ @

Accelerating the Development of Thin Film Photovoltaic
Technologies: An Artificial Intelligence Assisted Methodology
Using Spectroscopic and Optoelectronic Techniques

NextGen2024

Enric Grau-Luque, Ignacio Becerril-Romero, Fabien Atlan, Daniel Huber, Martina Harnisch,
Andreas Zimmermann, Alejandro Pérez-Rodriguez, Maxim Guc B4 Victor lzquierdo-Roca 24

First published: 28 March 2024 | https://doi.org/10.1002/smtd.202301573

Research Article (3 Open Access

Competition between Transport and Recombination in Dye
Solar Cells at Low Light Intensity

Patricia Sanchez-Fernandez, Clara A. Aranda, Renan Escalante, Antonio J. Riquelme, Renaud Demadirille,
Paul Pistor, Gerko Oskam, Juan A. Anta 5%«

R2M Solution

First published: 25 April 2024 | https://doi.org/10.1002/s0lr.202400149
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Industrial fairs
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Industrial fairs:

EU INDUSTRY
DAYS 2025

4 -6 OCT—— MALAGA

#EUIndustryDays
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Presentations in events: targeting very diverse stakeholders, from students to scientific & professional audience

== L "” S

Nom i cognoms / Name and surname

Ignacio Becerril Romero
SOLUTION

Aan

Institut de Recerca en Energia de Catalunya (IREC)

n Holist modular indire process monitoring and
control solution for the third generation PV

2| Orvetopment of sdvinced sensor sations |

Programa de finangament europeu en que s’enmarca aquest

‘ Al syrtem for astonomous monitoring and control

projecte? /| European funding programme in which this project is phementatiog of b Mg tets masagement
Infrastruchure and & Ontrol system

B rv marutacturng opteuzstion

EU support (FP7, H2020, etc.) other than MSCA EE N EINEES
L | B

Co-Anded

Titol del projecte / Project title

Customizable Al-based in-line process monitoring
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Presentations in events: targeting very diverse stakeholders, from students to scientific & professional audience
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Presentations in events:

Platform-ZERO

Achieving zero defect manufacturing for the
photovoltaic industry

n Hollatic madular inine process moniter g and ,\
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June 14-16 2023, Madrid, Spain
Hybrid event
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Presentations in events:

SURDFEAN FACTORES OF THE FLALRE
AFSEARCH ASOC ATON
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Presentations in events:

®)

-

7th & 8th May @ Bluepoint Brussels

@®-
- Q‘ e

The Manufacturing Partnership Days

NextGen2024

R2M Solution
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EFFRA Portal

Platform-ZERQO info and results updated on the EFFRA Reporting Portal

B portai@etira.eu @ Visitthe EFFRA website -
d C.rrf.\'H < Projects - Mlatform-ZERO y

o Platform-ZERC | Customizable Al-based in-line process monitoring platform for achieving zero-defect manufacturing in the PV

INdustry

N » & Summary infallaw
@)
N
C
)
2 v @ % Results, domos. otc, [ &) Add
)
Z
Unfaid 3¢ /7 Fald 3l
» Demonstrators, pllots, prototypes s
Demonstrators, pilots, prototypes
Demonstrator (project outcome type)
» Search
Industrial pilot or use case I 4
Resuit items:
~ G b (3
m Customazable CIGS NMexible solar Toll (Roll-to- Roll). PV manufacturing line
-
C_) four profile Bt v :.-. Contacts r 4
-5 .’ High elficiency CIGS solar modules {Sheet-2o- Sheet), PY manufacturmg line
O
E ﬁ-‘" Perovskote sclar modules |Sheet.to-Sheet), PY manufacturing line —
& -

Régis Decorma
Smart coatings tor FV applications, PV manufacturing line
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NEXTGEN 2024 International School & Workshop

IREC and Platform-ZERO are delighted to announce the return of the NEXTGEN (Next Generation High Efficiency Photovoltaics) International School and Workshop, now

entering its 5th Edition, in collaboration this year with the RenewPV School.

After a pause due to the global COVID-19 pandemic, our eagerness to reconvene, reconnect, and rekindle our shared passion for pioneering photovoltaic research is

stronger and more necessary than ever.

We are pleased to invite you to join us in the inspiring setting of Palma, Mallorca, Spain, from the 9th to the 12th of September 2024.

U

This year’s edition, set against the backdrop of Caixa Forum Palma, aims not only to continue the tradition of excellence established by previous editions but also to elevate
the discourse to new heights. Our commitment to advancing the field of high-efficiency photovoltaics remains unwavering, with an enhanced focus on fostering greater
interaction between academia and industry. The dialogue between young researchers, senior academics, and industry members is more crucial than ever as we navigate

the challenges and opportunities presented by the transition from laboratory to industrial scale.

NEXTGEN 2024 will boast a roster of top-tier presentations by keynote and invited speakers, reflecting the cutting-edge in new and emerging materials, novel device

<t
N
o
AN
-
)
©)
-+
X
0]
Z

concepts addressing advanced PV applications and their transfer to industry for the successful industrial implementation of competitive PV technologies.

Please remember to save these dates and stay tuned for more information!

R2M Solution
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11
U

1. Clustering workshop scheduled for September i LIST
", SUSTAINABLE
PLACES .
“Advanced manufacturing of new-generation 7325 September 2024 Smartness and artificial
renewable plants” intelligence for sustainability

Wlth the partICIPatlon Of 23-25 September 2024 Luxembourg

-  ENGINE

- SuperTandem

-  SEAMLESS-PV

i“‘.

NextGen2024
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2. Start of collaboration in the 4ZDM cluster

D

To work on a joint white paper about existing and
new standards concerning the use of Al in zero-
defect manufacturing

R2M Solution

" Zero Defects Man-uf'acturing
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Key Exploitable Results (KERs): exploitation strategy

KER 1 -
Defect-free PV
manufacturing

methodologies
Al-assisted non-
destructive inspection
methods for the
improvement of
sustainable PV
manufacturing processes.

» New methods

KER 2 -
Advanced

sensor stations

KER 3 -
Artificial
Intelligence

Development of advanced || decision-making

multi-sensor inspection
tools compatible with in-
line acquisition for
detection of pre-critical
process deviations.

» New product

Decision-making
protocols for early
prediction of defect
formation at the earliest
possible production stages
and proposal of process
correction measures.

» New methods

e KER 4

oYy Holistic

~72% manufacturing
control platform

Creation of a new holistic
diagnostic system for in-
line monitoring and
control of complex solid
state devices
manufacturing processes.

» New product

Definition of the
ERs

KERs id, assessment
and market
potential

IPR Management

(Joint) Exploitation
Plan

38
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Basic concepts: Exploitation of results

Participants receiving European Union funding must use their best efforts to
take measures aiming at ensuring the exploitation of their results up to four
years after the project, either directly or indirectly by a third party (through
franster or licensing). This means that participants must take steps to make

sure the results they owned are L

sed:

1.in further research activities other than those covered by the project concerned,

2.1n developing, creating and marketing products or processes,

3.1n creating and providing services,
4.1n standardisation activities.

The use of the Horizon Results Plg

or

tform becomes mandatory, it one year after

the end of the action, key explor

‘able results are not exploited.
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European
Commission

#& Home Funding¥ Procurement¥  Projects &results v  News & events ¥ Work as an expert  Guidance & documents ¥

EU Funding & Tenders Portal

News and events

! European
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Second EIC extracellular vesicle-based cluster event held in Attention to projects in Aerospace and Defence: Join the ILA Join the Health Revolution Congress 2024!
Brussels Connect & Meet 2024 at Berlin ExpoCenter Airport this June! 7 May 2024
U s L& May 208 Dive into digital health innovation at the Health Revolution Congress in
Representatives of the EU extracellular vesicle (EV)-based community Network with aerospace leaders, explore advancements in aviation, Barcelona from May 16-23, 2024.
discussing over emerging scientific/technological, innovation and market defense, and space technology!

path challenges.

See more news >
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- European
Commission

EU Funding & Tenders Portal

# Home Funding¥ Procurement¥  Projects &results®  News & events ¥ Work as an expert  Guidance & documents ¥

Horizon Results Platform TV

Share knowledge, find mentors, seize opportunities and innovate. A service provided by the Horizon Results Platform.

Featured interview

Horizon Results Platform (HRP)

IP and Artificial Intelligence

The European Commission Horizon Results Platform helps turn Europe's
research results into innovations which generate value for the economy,...

See more interviews )

The Experts say

% :\
V. Horizon Results Platform &
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Welcome to Horizon Results Platform TV!

The Horizon Results Platform TV (HRP TV) is a learning tool with a clear mission to support and inspire
our R&! programme participants in their endeavours to bring their solutions to market. How to approach
Business Angels or Venture Capital? How to manage Intellectual Property? How to get help and from
where? These are some of the questions addressed by our expert speakers in "The Experts say" stream.

Can a successful researcher become a successful entrepreneur? Check out our "Get Inspired!” stream to
hear the stories of some researchers among you who successfully walked this path.

EC Horizon Results Platform & EU IP Helpdesk “IP and Artificial Intelligence” webinar.

Did you receive a Horizon 2020 or FP7 grant? Join the Horizon Results Platform
community now!
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Open Research Europe

Open Research Europe is an open access publishing venue for European
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Platform-ZERO

Customizable Al-based in-line process monitoring platform for achieving zero-defect manufacturing in the PV industry
| Open Access Mandate for Publications and Research data + [ Project - 01 Jan 2023 (Started) - 31 Dec 2026 (Ending) « On going (M18)

Funder: European Commission Project code: 101058459  Call for proposal: HORIZON-CL4-2021-TWIN-TRANSITION-01
Funded under: HE | HORIZON-IA  Overall Budget: 10,190,000 EUR Funder Contribution: 9,131,040 EUR
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Summary DMPs

Description

Third generation photovoltaic (PV) technologies offer high performance and customizability for ubiquitous integration (BIPV,
VIPV, agrivoltaics, 10T..), and are well suited to Industry 4.0 manufacturing. However, their high-complexity and finely-tuned
production processes make them prone to the appearance of critical defects with just small deviations from standard process

o SO by e OpenAIRE Graph Last update of records in OpenAIRE: Apr 09, 2024

Try browsing by:
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exploitation potential of your
research results, disseminate
effectively, and go to market.

o HSbooster.eu
‘ Horizon Standardisation Booster

Standardisation
Support for

Research & Innovation
Projects



SOLUTION \ i

Bibliography and 2.1

. S
— e

< ———. —— T

usetul resources —



R2M Solution

European IP Helpdesk

e Your Guide 1o Intellectual Property Management in Horizon Europe

e Successtul valorisation of knowledge and research results in Horizon Europe
e Your guide to IP In Horizon 2020

e e-learning: |IP Basics

e Webinar: Dissemination & Exploitation in Horizon Europe



https://intellectual-property-helpdesk.ec.europa.eu/publications/your-guide-intellectual-property-management-horizon-europe_en
https://op.europa.eu/en/publication-detail/-/publication/ca9e23d5-aa5b-11ec-83e1-01aa75ed71a1/language-en/format-PDF/source-253824310
https://op.europa.eu/en/publication-detail/-/publication/e20da012-ec16-11e9-9c4e-01aa75ed71a1/language-en/format-PDF/source-164620712
https://intellectual-property-helpdesk.ec.europa.eu/regional-helpdesks/european-ip-helpdesk/europe-e-learning_en
https://www.youtube.com/watch?v=gyXlYDkXQ2E
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Lou Calen, Var, France

\ ﬁsﬁlé’rel Lou Calen

104m2

Silicium amorphe en plusieurs
degrés de fransparence ef en
couleur (style Mondrian)
Structure: Ferronerie Cassien /
Solar Structure

Electricité: Ocsun

Photos: Herve Fabré
photography




IMREDD Smart Cities

L R2M Solution

ank you |

www.r2msolution.com
regis.decorme@r2msolution.com
T.. +33 6 81 47 55 40

.
IN /r2m-solution

Yy @r2msolution



FROM LIGHT TO DECISIONS:
THE JOURNEY OF IMAGE FORMATION IN PIXELS

Filip Hendrichovsky, Laurin Ginner
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Assistive & Autonomous Systems

21/11/2024

Dr. Gruber

Complex Dynamical Systems

Dr. Gliick
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High-Performance Vision Systems
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School of Engineering
Human-Robot-Interaction
Lab
Tufts University, Boston
Univ.-Prof. Matthias Scheutz
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Automation & Control
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TU Wien
Univ.-Prof. Andreas Kugi
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TOMORROW TODAY
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HIGH-PERFORMANCE VISION SYSTEMS
RESEARCH FIELDS

High-speed Sensing Inline Computational Imaging Al-based Inspection

= High-performance camera and Simultaneous 2D & 3D Imaging = Vision + Computation + Al
illumination concepts and systems Combination of model-based and

High-performance algorithms for data-driven learning

= High-speed sensing concepts 3D reconstruction and image
enhancements = Semantic segmentation

21/11/2024 4



LIGHT
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ELECTROMAGNETIC SPECTRUM
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Radar TV Remote Light Bulb Sun X-ray machine Radioctive Elements

-~

Radio waves Infrared Ultraviolet X-rays Gamma rays

100m im icm 0.0%¢cm 1000nm 10nm 0.01nm 0.000%nm

Building Size Atom Size



THE HUMAN EYE
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Clinic
02022




COLOR PERCEPTION

420 nm 498 nm 534nm 564 nm

Green Red
Blue cones Rods cones cones

Normalized absorbance
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CAMERA MODEL

Pinhole camera




THE FIRST IMAGE

* 'View from the Window at Le Gras’ by N. Niepce (1826)
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THE PHOTOELECTRIC EFFECT

e Albert Einstein, 1905

Electromagnetic radiation . Photoelectron

Meteﬁ:te !

Electron



IMAGE SENSOR

Grey
Sensor levels
Photons Electyons
o
G > 4 Computer monitor
ool - —
o © Tli Zmp
B ¥ i BT
(7 ¢
o -
Software
display
\- \ settings
Quantum Gain
efficiency *
Bit value

| Microlens

— Polymer

— Wiring

Silicon

Pixel
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DIGITAL IMAGE
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DIGITAL IMAGE
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RGB IMAGE

Bayer pattern (U.S. Patent No. 3,971,065)
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AREA SENSORS

17



LINE SENSOR

Nadir /

Backward | Forward

\ |/
\V/
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CHARGE-COUPLED DEVICE (CCD)

CCD Sensor

! /_N\[/ }Photons
LNV

| l ’ ' Oulpul node
‘ Grey
. l ] e-my Ve
P HoE » I -
] l- !— ‘f“”“.” |- ADC |w=mp PC

Readoulreqister
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COMPLEMENTARY

METAL-OXIDE-SEMICONDUCTOR (CMOS)

CMOS Sensor

ADC

V = Grey Level

~ Photons

CCD CMOS

PC

20



PERSPECTIVE PROJECTIONS

Progection
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PINHOLE CAMERA MODEL

p = K[R|t]P

" Camera Plane

P — projection point

— camera intrinsics

— camera rotatio
t — camera translatio

P — projected point

opbcal axrs

[R|t] — camera extrinsics

~

11 T12 113 t1
21 T22 123
31 32 133 (3

Y';
Projection center
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CAMERA CALIBRATION

Zevo Tangential Distortion Tangential Distortion
Leves and sensot am parabel Lare sod sancor are not parabel
Camers lern Camena lens
Vertical plane Vertical plane
»
jechon
_ /1 - J . \\Wr7/7
Pincushion distortion No distortion Barrel distortion

Positive radial displacement Negative radial displacement



CAMERA CALIBRATION

S
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Image distortion . WS sl Image correction



CAMERA USAGE

 What do we want to do with cameras?
measurements

visual inspection

quality control

navigation



STEREO MATCHING
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STEREO MATCHING

Target objects_ [ g2

9 g
— ’

_| Epipolarline
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AIT%‘F’STTE"" INSTITUTE
DISPARITY MAP

e srran 1808 7
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OF TECHNOLOGY

AIT INLINE COMPUTATIONAL IMAGING:
SOFTWARE FOR DIFFERENT SENSORS

ICI Software Modules

Generic Computational
Imaging Library for
2D/3D Imaging Tasks

ICl Sensar System

Single Camera/Sensor
Technology for Inline
Light Field Capture with
Standard Hardware




INLINE COMPUTATIONAL IMAGING
INTRODUCING OUR NEW SYSTEM

Area scan light field imaging [Traxler et al. 2021, submitted]

Areg Scan
Camer,

Standard industrial camera

Illlumination

Objects

Linear transport stage
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OF TECHNOLOGY

ANIMATION @50um

AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

TOMORROW TODAY




AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

TOMORROW TODAY

ALGORITHMIC FRAMEWORK

Details of how area-scan IC| works
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INLINE LIGHTFIELD ACQUISITION

Reshuffle into 4 different image
Full image sequence subsequences




PHOTOMETRIC STEREO



PHOTOMETRIC STEREO

Image Formation under the Lambertian assumption

T
I, =pn-l Iy l
_ _ T
I, =pn-l, IL|=pn-|l; [=pN-L
I3 =pn-l3 I3 &
Surfaces normal recovery fromimages N\,
pN =M = L71]
Albedo Surface normals
M
p ...albedo - reflectance independent of light p = || M”z N = —
I, ..observed intensities, k" light P

ly ..lightdirection

n ..surface normal 35

[Woodham1980]



ACQUISITION SYSTEMS AT AIT

Light Dome

« Sampling: 10-20 um/px

* lllumination: 32 light directions
* Field of view: ca. 6-12 x 4-8 cm

a ayeri (6 LEDs)
30 B N

NN

3

L 7

{,( ﬂ_(’)”{ ayer?2 (12 LEDs

36



ACQUISITION SYSTEMS AT AIT

Bar Lights
« Sampling: 4.8 um/px
* lllumination: 4 bar light directions

* Field of view: ca. 26 x 17 mm

37



ACQUISITION SYSTEMS AT AIT

Microscopy Dome

« Sampling: 0.7 um/px

* lllumination: 6 light directions
* Field of view: ca. 1.6 x1.25cm

? 126,5 mm

38



HIGH-PERFORMANCE VISION SYSTEMS
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THANK YOU



BASICS FOURIER OPTICS

Inputimage

Imaging system

Low-pass filtered

Discrete sampled



BASICS FOURIER OPTICS

« How does the light (EM-wave) propagate through space?
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BASICS FOURIER OPTICS MY

« The far-field approximation (Fraunhofer approximation) is also
true for the back focal plane of a focusing lens

Cbjektebene Fourierebene
E(x',y)Y=AK"y",f) -
+co

U E(x,y) - e 2m0xyY) dxdy

E(x',y") = A(x"y", | F(E(x, y))

|(x.¥)




BASICS FOURIER OPTICS - IMAGING

SYSTEMS

 Imaging: A simple light microscope can be modeled as 4-f setup (F - F~1)

Ix',y') = |[E(x,y")|?

Cbjektebene Fourierebene Bildebene

||{u."."] /\
o q-----""“hq__ || i H(kx; ky)
T W e = transfer function
f o | | | e | i

L2

glx.y) G(uv) = Fla(x.y] al-%-y)

This holds for the | /. Gimg (kx, ky) = H(kx, ky) - Gopj (kx, ky)
eclectic field TF TF T F
amplitude

Jimg (6, ¥) = h(x,y)QG,p; (x,Y)



BASICS FOURIER OPTICS — IMAGING g | | Pr—
SYSTEMS

Input amplitude
« Imaging

Example: £
E
[*}
©
s
®
s |
w

H(k,, k)

= transfer function

Guoan Zheng; ,Fourier Ptychographic Imaging: A Matlab Tutorial”; 2016



BASICS FOURIER OPTICS — IMAGING SYSTEMS

Transfer function H (ky, k,) — Aperture function

Simples case: a real valued function 1=transitive, 0=blocks light

In a perfectly focused aberration free system parallel wavefront (zero/constant phase)
in the Fourier plane Object L, L,  Pinh
H(ky, k)




COMPLEX TRANSFER FUNCTION

/

Transmittance

0

il B =8 =7 f -8 -4

+ | «—Low order aberrations —»

Angular frequency (m)

-3 =2 «I

0

4

| | |
Piston or Ma’s .

2

—q O A

ryYr X’
mmmwwqﬂéw

3

|H|(k,, ky) - el (kxky)

4

Phase delay
»
5 K 7 8




BASICS FOURIER OPTICS g | | Pr—
COHERENT VS. INCOHERENT IMAGING

Until now coherent imaging

Incoherent Imaging:

Non coherent superposition of E in the image plane - no interference of E-field >
simple sum of intensities |

Because of I(x',y") = |E(', y)|?

Incoherent imaging is not linear in the Fourier domain
—> linearity in Fourier Domain is necessary for FP



Optoelectronic characterization:

IV Curves, Quantum Efficiency and Impedance Spectroscopy
and correlation with performance parameters

Process 1 Process 2 Process 3
i )

>R

Multi-modal Adv-SS

Renan Escalante 2024-09-09
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W /| Platform-Zero Multimodal Concept
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@ Small Perturbation Techniques — Impedance Spectroscopy i

The idea is to separate processes occurring at different time scales and
loading conditions, and to simplify the kinetics (small perturbation = first
order kinetics)

External
collectipn __
Short-circuit
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current
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Linearity
The applied AC amplitude must be
small enough so that the response of
the cell can be assumed to be linear
Stability
The overall state of the system
should not change during the

acquisition of the data

: voltage Causality

Vibe The measured AC response of the
system must be directly correlated

to the applied AC stimulus

Normally, the first and the third conditions are met by tuning the perturbation:

Voltage amplitude (EIS) or illumination step (IMVS/IMPS)
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VY » e VY

Study of the variation of total impedance of an electrically active
system with the frequency of a small-amplitude AC perturbation

Advantages Drawbacks.

* in-situ technique * Individual processes can appear

* Relatively simple equipment needed overlapped

* non-destructive (but beware!)  Interpretation can be difficult

* Does not drive the system away from  Relies on the availability of a model
equilibrium/steady-state (equivalent circuit) with physical basis

* Makes it possible to distinguish
individual processes
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Most popular protocol:

Study of the variation of total impedance of an electrically active

system with the frequency of a small-amplitude AC perturbation Fix a voltage (DC) bias: V

. Fixavoltage perturbation: AV

Advantages _ 3. Scan different frequencies
(from high to low)(1071-108 Hz)

4. Collectresults

Analyze data

Interpret data (the tricky part!)

N —

* in-situ technique

* Relatively simple equipment needed

* non-destructive (but beware!)

* Does not drive the system away from
equilibrium/steady-state .

* Makes it possible to distinguish
individual processes

o o

Individual processes can appear
overlapped

* Interpretation can be difficult

* Relies on the availability of a model
(equivalent circuit) with physical basis
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Impedance of simple circuit elements

R V(w
|deal resistor —AMN— Z(u)) — (—) = R Independent of frequency

I(w)

Inversely proportional to frequency

dQ

|deal capacitor —I ‘— Q=CV — |I=—= C— \\

(w) = AVexp(jwt) V(w) 1
w) = Alexp(jwt — @) } /(o) = =
2 = 12| exp(jg) How) jwt
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Impedance of simple circuit elements

R
—AM—

V(a))
(w) = I(w)

Independent of frequency

e

Inversely proportional to frequency

Z(w) =

Viw) _

1

I(w) _ja)C

Combination of circuit elements

Following Kirchhof f's laws:

Impedance in series:

Impedance in paralell:

© 0

Z =27, +72,
1_1 1
zZ 7, Z,
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Impedance of simple circuit elements Impedance of a resistor-capacitor element (RC element)

R
R V(a)) 1 -1
W Z(w) = A Zae = (54 c)
) I((l)) - | RC (R jw
Independent of frequency _‘ I_
;o R . wR?C -
RC=1¥ (RCZ J1+ (R0 &
C Viw) 1 5 1
_‘ |_ Z(w) = =- %
I(w) JwC =
Inversely proportional to frequency R\ 2 R\ 2

o
L

R'/2 Real part
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Impedance of simple circuit elements

R V(w)
—w- f(w) = 7o =

Independent of frequency

(w) _ 1
_‘ |i fw) = 1;(:))) " jwC

Inversely proportional to frequency

Impedance of a resistor-capacitor element
(RC element)

-1

1

Time constant and characteristic frequency of a RC element

R
—AN\—

R e I 1.(s) = R(Q)C(F)

C

Response to a small voltage perturbation

99.3%
95.0%}

98.2%
-

86.5%

63.2%}

V() = Vo(1—exp [])

<

=

5t
Time
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Impedance of simple circuit elements

R
—AM—

/() =

Viw)
I(w)

Independent of frequency

e

Z(w) =

Viw) _ 1

I(w) jowC

Inversely proportional to frequency

Impedance of a resistor-capacitor element

(RC element)
R

—AN\— 1 -1

A

Tc(s) = R(Q)C(F)
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Glass Substrate Sputtering: Sputtering: Annealing: CBD: Sputtering: Annealing: Scribing:
Metallic Back Absorber Light Absorber Carriers Front System Devices
contact precursor synthesis separation Transparent stabilization discretization ~ / /
stack contact stack

Layers 1um
- T - .. . .
Window layer (150-500 n) Complex fabrication process involving:

Buffer (20-80 nm) 7 processes with >100 controllable parameters
N — -~

R

Ab )
s fow }m)

o

5x5 cm? sample

#196 3x3mm? Test-cell
Complex device (6 layers)
with strong interaction between them
Substrate (50 um to mm)_ Back Contact terminal

e Bt o =% = — _

Back contact (0.5-1 um)
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Photogenerated power
PCE =

Irradiated power

Standard Process

PCE = L tbod -

— . Deviated Process

Light irradiation

When reproducing the fabrication process.....

00 01 02

03 04 05

VIV _Voc

i

|* 4

El

... intrinsic deviations appear which
difficult the technology research

PCE dispersion 10%
=» = 50% population

QUESTION:

56 processes
6728 cells

Which is the origin of the
fluctuations?

aaaaaaaaaaaaaaaaaaaa

Process Nr

Count

Can we do something?




Motivation: complex fabrication of TF-PV devices :Z

I

Descriptors (data signal] Structured database

Characterization Data acquisition
techniques Automatization

Labels (Target)

Relevant device Creation of ML Training | | ML Model
parameters classification criterion data 70% | | Testing data 30%

Which is the Enric Grau-Luque, et al

technolo gi cal Accelerating the Development of Thin Film Photovoltaic Technologies: An Artificial
Intelligence Assisted Methodology Using Spectroscopic and Optoelectronic Techniques,

limitation? Small Methods (2024) 2301573/17.

PCA Algorithm ~10000D

ul
o Al semi- :
PV Tt . Unsupervised
supervised : ) :
Technology pe oy dimension reduction
e classification
limitation 2 algorithm 20D
LDA Algorithm l
Technolo )
&Y Supervised 2D

Optimization

strategies Research and knowledge generation dimension reduction

research in Identification of

: . e descriptors
relevant properties significant P

validation

/ process steps features



Motivation: complex fabrication of TF-PV devices

When reproducing the fabrication process.....

PCE dispersion 10%
=> = 50% population

Deviation managed
by lack of control
over the TCO and
CdS deposition.
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Motivation: High tech materials Industry =—Z

5 fal @ &4 G PV industry
Batteries, PV, electrodes, optoelectronics,
smart/functionalization coatings, plastics, etc...
Complex products: multi-process manufacturing, multi

layers, with complex compounds materials with low tolerance

to deviations Module
technology

Crystalline Silicon

Productions involves

- Highly complex technology
equipment

- High value materials

¥

Multi-nano
layers device
structure

4 Mgln High integrability High performance
i _ PV production can be properties
Product competitiveness requires highly automated and is
- High yield and quality production Industry 4.0 ready

This pushes the industry to high levels of

automation compatible with Industry 4.0 Market size  BIPV (16.6 B$) Solar farms (61.4 B$)

6



Motivation: High tech materials Industry BN » & :Z

Challenges

Production
efficiency

Product quality

Identification of process
deviations origin

R&D actions for product and
process development and
optimization

Move to first-time-
right production
model

Minimize production
deviations & improve
production parameters

Advanced production
control beyond standard
process parameters
monitoring

Fast development without
impact on production

Environmental: reduction of production waste and reduction of high value materials use and energy consumption.
Economic: increase the production eff (cost reduction) and improve the materials/devices quality.

Process monitoring and control helps surpass these challenges




Descriptors (data signal) Structured database

Characterization \&
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parai

/iL Training ML Model
| data 70% Testing data 30%

Which is the que, et al

technolo gi cal * ating the Development of Thin Film Photovoltaic Technologies: An Artificial
Intelligence Assisted Methodology Using Spectroscopic and Optoelectronic Techniques,

limitation? Small Methods (2024) 2301573/17.

-1 . PCA Algorithm =10000D
Al semi- ,
i Unsupervised l
supervi
classifica o0
algorithm : ]
LDA Algorithm l
rechnology Supervised 2D

Optimization

. dimension reduction
strategies

Research and know/!~~'

research ig

descriptors
relevant prog P

validation
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E’Z Project concept

Process Fabrication parameters: pressure, temperature, process times, concentration, atmosferes, etc...

N o PV device
> O -

Glass Substrate Sputtering: Sputtering: Annealing: CBD: Sputtering: Annealing: Scribing:
Metallic Back |l§ Absorber Light Absorbel] Carriers Front System Devices
Materials contact precursor synthesis separation Transparent stabilization  discretization
inspection stack contact stack
_ Current Vision  Composition Composition Vision Device
'm plemlﬁnﬁﬁg inspection reflectance inspection  performance

No complete inspection of the fabricated materials.

Current

implemented Laboratory characterization: detailed materials morphology and performance characterization
at-line

Significant delays lead to slow feedback to the production line.



EZ Project concept

Process 1 Process 2 Process 3 Process 4 Process 5

2023 start a HE project focused on developing this - hdvss § Advss2 o Aavsss g e \ Rdvsss
c“ . :‘ \
platform ” ‘ N
//‘ / \ \ \ \ —_— \___
H H H H H / I Industrial production In-line monitoring =
Customizable Al-based in-line process monitoring / '

platform for achieving zero-defect manufacturing | € Feedback | |
in the PV industry (Platform-ZERO)

=» Consortium: 11 partners (6 counties)

5 companies (metrology, Inovation and PV industry)

6 Research centers

= Budget: 10M€ budget

=» Duration: 4 years 18t January 2023 — 318t December 2027

SAULE =» Validations (TRL 7): 4 demosites in industrial environment
g RISC Objective: develop and validate in real conditions a customizable spectroscopic and

> ! AT ViSiON based process monitoring platform for PV industry

L. urederra

rlescgres

u.m.m; 4 l ECLJ :
P s lj’ LENZ  =5iirion
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EZ Project concept

Process
inspection

Fabrication parameters: pressure, temperature, process times, concentration, atmosferes, etc...

Glass Substrate Sputtering: Sputtering: Annealing: CBD:
Metallic Back Absorber Light Absorber Carriers
Materials contact precursor synthesis separation
inspection |/\| |/\| |/\| |/\| stack |/\|
Z
d
__J
|
In-line
Current .
implemented Laboratory characterization: detailed materials morphology and performance inspection
at-line

“ o PV device
m O )

Sputtering: Annealing: Scribing:
Front System Devices
Transparent stabilization discretization

contact stack A A A A

11



=Z Project concept

Process
inspection

Fabrication parameters: pressure, temperature, process times, concentration, atmosferes, etc...

KB
m

=
]

Scribing:
Devices

PV device

| -

discretization

Glass Substrate Sputtering: Sputtering: Annealing: CBD: Sputtering: Annealing:
Metallic Back Absorber Light Absorber Carriers Front System
Materials contact precursor synthesis separation Transparent stabilization
inspection |/\| /\ /\ A\ stack A contact stack A A A A
Z
__J
|
In-line

Data processing a prediction = interaction with the production

£
o le®

12



==Z Project concept

Process 1

Feeding

Process 2

Adv-sS 1
LY

Adv-SS 2

5 -
Sensor Stations 2!
Platform-ZERO will develop advanced sensor stations

compatible with customizable sensor arrays for
morphological, physicochemical and/or optoelectronic
in-line inspection of PV industrial production.

Process 4
Adv-SS 3 Adv-SS 4

Process 3

Process 5

13



=Z Platform development

Process 1 Process 2 Process 3 Process 4 Process 5

Adv-SS 1 Adv-SS 2 Adv-SS 3 Adv-SS 4 Adv-SS 5
.’ § | et @\ e Future full Integration in
R - | . L production

Industrial production In-line monitoring =

I (Commercial exploitation)
\ G'Feedbackr o=

PLATFORM _ / ERO
—Z Development and validation in the project
4
4
|

Process 1 Process 2 Process 3 Process 4 Process 5 Multi-modal Adv-SS

‘Hg _r A
\

Multi-modal Adv-SS

Operation mode 1

| - 1 4
BRI

,,,,,,,—‘ --ﬁ — o ; : — = ,,,,,,,_‘ --ﬂ‘i

W Activesensors [l Non-active sensors

PLATFORMZ [ ERO

14



EZ Platform development

Based in:

=>» Multiples multisensory station
after each production steps

Process 1 Process 2 Process 3 Process 4 Process 5
= Adv-551 = Adv-5S 2 Adv-SS3 Adv-SS 4 _ Adv-SS 5
/ | (i == ] ) \ o

=» Control unit that centralize the
information

=>» Big data-base to manage the
information

=» And artificial intelligence that

process and propose decision

making

This allow the fast detection and correction of production deviations

=>» reducing production defects and waste

Hexible halistic process monitoring and contral platform

15



4
=Z FUTURE industrial transference _
- o\og\es
v tech?
onto other
: . s\
Full integration in Platform- exten
Zero pilot lines New PV technologies
Silicon o“ducto"s
Organics or seM©
Etc. ion 10 oth
E’d‘e“s\ g\es
tech"®
Batteries
— General Smart coatings
— Functional materials
— Etc.

Process 1 Process 2 Process 3 Process 4 Process 5

Extension to other
appﬁcaﬁons

Smart sorting in recycling

Multi-modal Adv-SS

16



Project concept

=L

Pilot Line

Pilot line objective

Products

Product Image

Production process

Pilot-lines where demonstrate the process monitoring platform

SW
‘.ﬁiﬁf.”l-".' = = | — —_ SAU |_E—
A ) :ﬁ Llercpeyees TECHNOLOGIES
: Technology
Technqlog'y Demonstration Demonstration/ Production Production
/ optimization RV
optimization

Oxide based smart coating

High eff CIGSe PV

Customizable CIGSe PV

Customizable Perovskite

PV
an

Discontinued (batch)

Sheet-to-Sheet (StS)

Roll-To-Roll (RtR)

Front end of Line (FEOL)

Research Pilot-line (Laboratory to Industry)

Different type of industries in terms of:

PV products, Production methods, materials fabrication, and samples
transference

Industrial

Pilot-line

Demonstration of suitability of Platform-Zero process
monitoring platform



=Z Methodology

The methodology successfully achieve the S&T objectives is based on four project development phases:

~T T T T / e ~ , - = = - \ P -—————————— ~
,’ PHASE 1 | PHASE 2 PHASE 3 PHASE4
WQP1: Definition of industrial specification WPS5: WP6:
& reference sample fabrication
Platform Test and

validation of
demonstrators

implementation
& installation of
demonstrators

I

|

| : % WP3: Al system development
|

WP4: Data management and control unit

~—

Tam o o o . O . O O O O O O e e e e e o

e

1 5)

development

- O O O O o o

|
I
|
|
I
I
|
|
I
[ Qf}f :
: <
|
I
|
|
I
I
|
I

oo mm Em Em Em Em Em Em E e e o Em Em o Em o =y
— o . O O N O O O EE EE EE EE O Em Em

Se___27 1 " —Advanced KLR 3 — Artificial KER 4 — Holistic KER I —Defect-free
| sensor stations Intelligence manufacturing PV manufacturing
[ decision making control platform methodologies
|
l X
T : : Intermediate
Identification of Development of the Implementation of PMC Testing o
: . Objective
requirement components the PMC systems and validation
TRL7




=Z Methodology

—
!
L
7))
<
T
o
N—r
n
c
9
©
2
5=
O
(D)
Q.
)

development

PHASE-2 components control
é: ns;g}eosf reference rles‘fe?gr?cénds :r?wtpcl)és ﬁ ‘ I[]l]%{a'

Data acquisition Adv-SS control

Compact modular Multiplexed
Lab-industrial

Senso sensor Adv-SS stations
a design and
2nd generation
Database creation

X
X Al

ol i
A 2E =) EEM@G@EQ

Laboratory sensors
characterization

PHASE-3 Installation
PHASE-4 Validation

1% generation  1st generation 2"d generation of
Database Al system optimized Al system
creation
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—Z First operative system

TEST system for 5x5 cm?2:
1. RAMAN 633nm

2. SPECTRAL
PHOTOLUMIISCENCE

3. VISION/ REFLECTANCE
IMAGING

4. SPECTRAL REFLECTANCE

Update for December

Electrolumincence

v

Discret EQE

Raman/PL 405 and 532 nm

YV VVY

Upscale to 15x15 cm? samples

I Automatic X-Y Sample Translation System" I

Validation of Industrial Sensors = Application to Accelerated Research

20



Process 1 Process 2 Process 3 Process 4 Process 5
3, Advss1 L Adv-SS52 AdvSS3 _ Advssd Adv-$5 5
y I| ||I'. I g ] |
Y = | o
/ - [ | { PV module

“m -x“: |

/ l | Industrial production In-line monitoring = |
] o
|

\ & Feedback |

PLATFORM = [ ERO

Customizable Al-based in-line process monitoring platform for achieving zero-defect

manufacturing in the PV industry (Platform-ZERO)
January 2023 — December 2026

Co-funded by
the European Union

Contacts for additional information and collaboration
Steven Ortiz jsortiz@irec.cat  Maxim Guc mguc@irec.cat Victor lzquierdo vizquierdo@irec.cat

PN
@ PLATFORM-ZERO X@PLATFORMZERO_EU L1 WWW.PLATFORM-ZERO-PROJECT.EU

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do
not necessarily reflect those of the European Union or European Health and Digital Executive Agency (HADEA).
Neither the European Union nor the granting authority can be held responsible for them.
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olntroduction
* Nomenclature
* Type of spectroscopies
* Parameters of a spectroscopic signal
* Parameters of a measured sample

oDevelopment of a process monitoring methodology
* General approach

* Examples

oConclusions




oy 55 Introduction IRECHY

Sy g b L o F s

What is spectroscopy?

Spectroscopy is the field of study that measures and interprets electromagnetic spectra.

The main result is dependence of intensity of an electromagnetic wave from energy (mostly).

)

Intensity
(arb.u., cts/s, ...

Energy
(eV, Hz, cm’, nm, ...)



_qqﬁﬂ' Introduction IRECY
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[T e i it s Mol

Type of spectroscopies
1?24 -Eqﬂ 1,:_':;!{] 1?13 1{316 1014 1,::1;1 191(] ]?B 106 104 102 Kiﬂ] -,r{s"l}

I ‘ I I |
y-rays X-rays uv IR Microwave |FM
Radio waves
1 I I I | R I ! | l | | I
1016 1014 m-“? 1010 1{]*3 y 11070 1D‘4l1ﬂ'3 1(;0 102 104 108 108 A(nm)

Y .

AM Long radio waves

|
Elemental l Chemical l Molecular
analysis bond type connectivity —
Mossbauer Reactivity Molecular IR transmission

IR reflection
Electron spin resonance
Nuclear magnetic resonance
Raman

X-ray absorption
X-ray fluorescence
X-ray photoelectron
Auger electron

analysis orientation

UV/Vis absorption
UV/Vis transmission
UV/Vis reflection
Luminescence
Raman
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Type of spectroscopies

IREC’s standard techniques: Spectrally resolved signal

- X-ray fluorescence
mapping
- Multiwavelength Raman
mapping, low temperature, anti-Stokes, polarized

- Multiwavelength Photoluminescence
steady-state, mapping, low temperature
- UV/Vis Transmittance
mapping spectral, imaging
- UV/Vis Reflectance
mapping spectral, imaging
- Electroluminescence
spectral, imaging
- Thermography

imaging

)

Intensity
(arb.u., cts/s, ...

Energy
(eV, Hz, cm?, nm, ...)
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Parameters of a spectroscopic signal

Spectrally resolved signal
How much signal of the light with the WHAT:

specific energy we get \
/\ 1 Intensity

Absolute Relative

S

How signa[looks like

/N 2 Energy What spectral range
FWHM Asymmetry Slope / defines the signal

At which energy the Intensity * Shape
signal was detected
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Parameters of a spectroscopic signal

IREC”

Spectrally resolved signal
HOW:

Calculating global/local maximum < 1 Intensity

Calculating difference between

positions at X% of the global/local <\
maximum

Decompose to individual

peaks/bands:
Fitting with Lorentzian,
Gaussian, Voigt, ... functions

Calculating position of
global/local maximum

Integrating intensity in the
defined spectral range
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Introduction
* Nomenclature
* Type of spectroscopies
* Parameters of a spectroscopic signal

* Parameters of a measured sample

oDevelopment of a process monitoring methodology
* General approach
* Examples

oConclusions
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™ Development of a process monitoring methodology
General approach

Fabrication of . Data analysis:
Combined :
reference sets of . Database analytic +
characterization
samples Al

IRECY

Identification of Process
quality control ¢ monitoring

parameters methodologies
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Fabrication of
reference sets of ¢

samples

Combined
characterization

Clear variation of a
property

1) Combinatorial samples
2) Samples with non-desired
variations
3) Samples with standard
fabrication conditions and with
controlled deviations
4) Complete devices
or stopped after specific
process

1
-

¥ -.

- .--

*R. Fonoll-Rubio et.al., Solar RRL 6
(2022) 2200235.

| i)

g

.,- Ly

Optoelectronics (IV)

e ™ Development of a process monitoring methodology

General approach

IRECY

Combination of different measurement techniques

Composition (XRF)

! L]
Zn/fan Cuf(Zn+5n)

&
i ¥

Requirements for combined techniques:
= Non-destructive

XYZ stages

Structural {Rarna n}

Vs

In.."cu disorder Vi, defects

Peak position Quantum Yield

wi

Irradiative (PL)

=» Reasonable measurement time

=>» Mappings by robotization and/or =» Compatible measurement area
=>» Automation of data processing

10



jq' “=“  Development of a process monitoring methodology IREC”
General approach

Fabrication of .
Combined
reference sets of .
characterization
samples

Clear variation of a

property

1) Combinatorial samples

2) Samples with non-desired

variations

3) Samples with standard

fabrication conditions and with

controlled deviations

Combination of different measurement techniques

4) Complete devices
or stopped after specific
process

-
am
-AE=
*R. Fonoll-Rubio et.al., Solar RRL 6 IREC’s combined characterization platform
(2022) 2200235.
11




_-*gﬁﬂ' Development of a process monitoring methodology IREC?

General approach

e
e

Data analysis: Identification of Process
analytic + quality control ¢ monitoring
Al parameters methodologies
Coherent database Methodologies
WA o o e e e o : 1= - Rt + Lwain . Il
© ™
O im Ewo -
S i §w .
© 1 3 o
W g c o .
=L < et +  Continuous
'Hh.iwl'l:.ﬂ".'h g?n "
oty 1 | w

PL Sparing | Hg
Sy w (g

O

O S0 DF 150 S0 %0 3N 350 &S00
o

o] Machine & .
g learning a Discreet ; :
© E . . ;
Q ,
t=0 - Visual sub-image < . E L
t=1 — Raman spectra —
-5 -4 § i

t=2 — Reflectance spectra
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& Development of a process monitoring methodology

.
e ——
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Examples
Monitoring the RbF-PDT on the surface of Cu(ln,Ga)Se,

) B IV of each cell
(Rb-free) (Rb-free)
300°C 490°C 520°C 540°C 300°C 490°C 520°C 540°C
19 b
720
18 | 2
No RbF-treatment RbF-treatment at 490°C ~150 x 4 solar cells s .
—~ S
B iL: 16 * ;;g
15 |
- 680
14 Mean + 1 SD
Min~Max -
13 F Median Line
DATABASE - Mean 660
Raman and PL under 632.8 nm
Aex = 632.8 Nnm ——490°C A.=632.8nm :1.13eV
~ ex o 120 | ex
600 IV data Aciese ——540°C 300°C (Ro-free) 114V
+ > ] e
~2400 Raman £ %
5 A g
spectra E Ao Az3s.260 § 60 - ,
E -165 ;
+ E E 40
~2400 PL spectra =
20
) ) ) ) 0 - ’ n
150 200 250 300 0.9 1.0 11 1.2 1.3
— Raman shift (cm™) Energy (eV)

*R. Fonoll-Rubio et al., Adv. Energy Mater. 12 (2022) 2103163 13
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Examples
Monitoring the RbF-PDT on the surface of Cu(ln,Ga)Se,

J 4

(a) A, =632.8 nm ——490°C 120 (@) 2, =632.8nm (1.13eV
Acicse —540°C 300°C (Rb-f 111,14 eV
—— Difference i (Rb-free) i —
100 L——490°C 4
> @ 520°C
2L 4 @ [——540°C
27 T 280t
£ ﬂ Azos.233 ﬂ ;
e
g
% A1s0.165 Azsszen 2 60
: :
o o 40
=z

/’
x5 W
L 1 L 1 L 1 - 1 L 0 - T ) . . ) ]

150 200 250 300 0.9 1.0 11 12 13

Raman shift (cm™) Energy (eV)
*R. Fonoll-Rubio et al., Adv. Energy Mater. 12 (2022) 2103163 14
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Examples
Monitoring the RbF-PDT on the surface of Cu(ln,Ga)Se,

L[ 3
1 1 1 1
300°C 490°C 520°C 540°C
(Rb-free) (Standard)

Raman vs PDT temperature

14 £
12 F
10

oo
T

»
T

Relative QY (cts/s)

SN
L e

*

=

1 » 1
300°C 490°C 520°C
(Rb-free)

PL vs PDT temperature

1
540°C

*R. Fonoll-Rubio et al., Adv. Energy Mater. 12 (2022) 2103163
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Examples

Monitoring the RbF-PDT on the surface of Cu(ln,Ga)Se,

Target

» RDbF PDT temperature

> Raman
> PL

300°C

Train Test
(] (o]
(] (o]

300°C (Rb-free) i
490°C
520°C
540°C

450°C
620°C

Prediction

5407°C

*R. Fonoll-Rubio et al., Adv. Energy Mater. 12 (2022) 2103163

300°C |
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Examples
Monltormg the RbF PDT on the surface of Cu(In Ga)Se2

Device structure A
SLG (3mm)/Mo/CIGS/CdS/i-ZnO/AZO/Ni-Al Grid

Device fabrication

» 30x30 cm? STS In-line Co-evaporation of

Cu(In,Ga)Se, on Molybdenum Glass substrates

» in-situ PDT with RbF (controlled by RbF-PDT
source temperature)

‘-.l'l-'l'l.l.'ll.-nl.ﬂ.w-....

Measurement conditions

» Concomitant measurement of Raman and PL spectra

» Assessment of PDT quality in 30x30 cm? sample in 5 min
B

17
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Examples
Assessment of crystallographic orientation in Sb,S,

Sh,S; single crystalline mineral

Materials properties are
different along and cross to
ribbons orientation

XRD diffractogram of the
biggest surface

—— Sb,S; (Crystal)|

N
o

200

600

w
o
T

N
o

Intensity [10* counts]

-
o
T

0 (400 1 l800

1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90
26 []

*V. Rotaru et al., iScience 27 (2024) 109619 18
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Examples
Assessment of crystallographic orientation in Sb,S,

Multiwavelength Raman Low temperature Raman 2 DFT calculations "=
25 2 Aex= 032.8 NmM . L] e i : £ -] __Jl_.l._ B
o K e
16 22 L 29 5200 | eeevenes Experimental ’l "
3 g e % Deconvoluted peaks »
I O =] —— Generated spectrum i
| ; (o] Q
! _ © .2,150 | SD
3 ; hex = 1064 nm ¥ -
> \ ; £ 100 ;
B hdl 9 .
! ! =
g 3 \./ S 50 >
= et 2 g ‘*w.
o o ) §
(0] : : i !
N | * 3 AA ~ ]
(_U J /\_,*_/"i/ 0 B "'-__-Iz-..__ .................. i et -:I !
£ N 100 150 200 250 300 350 b U M ettt T 0 e
— % § /J Raman shift [cm™] L.
/ ,../*3\ RN R, 115 0 LN B,
RIS
N
/j

J/ ! X e :
TS I-\T __{,' i y&ia'

N N r Ly o | - " P
50 100 150 200 250 300 350 400 450 500

: 1
Raman Shift [cm™] *V. Rotaru et al., iScience 27 (2024) 109619 19
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Examples
Assessment of crystallographic orientation in Sb,S,

r Sb,S, [Crystal : -
255 [Crystal] 001 @' = —16.80 + sin™1(0.97 x V5.00 x A — 1.66)
Fheyx = 932 NM /N
: 0.55 [— Fitted function (A =0.33 + 0.21xsin*(a. - 106.80))
Y[ @ Experimental (Crystal) 9
1100 g = g >t :
Z |
o8 3 0.50
Er
O
Q7
)p—— I (—Eu i 0.45 -
II'I Rt I|:I| B L
IIII [lm“{—_l' < L 0.40 |
A160-220 Asga 73 03sf
I!ml ui';l'n' PR PR PR P PR P L.t 1 1 1 1 1 1 1 1
A k- e 100 150 200 250 300 350 -100 -75 -50 -25 O 25 50 75 100
e Raman Shift [cm™] o [’]
] £

EEEEELEEEEEEEERE LR RRE)

————————————— *\. Rotaru et al., iScience 27 (2024) 109619 20
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s Conclusions

Fabrication of .
Combined
reference sets of ..
characterization

samples
Clear variation Combination of
of a property different
measurement
techniques

Database

Coherent
database

IRECY

Data analysis: Identification of Process
¢ monitoring

analytic + quality control
Al parameters methodologies

Find specific spectra features that
correlates with the varied property or
use Al for data classification
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Thank you for your attention!!

Maxim Guc mguc@irec.cat
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£ Customizable Al-based in-line process monitoring platform for achieving zero-defect
e — manufacturing in the PV industry (Platform-ZERO)
— January 2023 — December 2026 http://www.platform-zero-project.eu/

Co-funded h-}l' Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
the European Union those of the European Union or European Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting

authority can be held responsible for them.

22




	1. AIT-NextGen2024-The Rise of AI-Driven Visual Inspection
	2. Sunplugged-NextGen_2024_Sunplugged
	3. R2M-NEXTGEN2024 - 20240909 - Platform-ZERO
	4. AIT - Nextgen2024 from light to decision
	5. UPO - NEXTGEN2024 Renán Escalante V2
	IREC - AI-based process monitoring for achieving zero-defect manufacturing in the PV industry  (Platform ZERO)
	Diapositiva 1: Platform-ZERO
	Diapositiva 2: Motivation: Complex fabrication of TF-PV devices
	Diapositiva 3: Motivation: Complex fabrication of TF-PV devices
	Diapositiva 4: Motivation: Complex fabrication of TF-PV devices
	Diapositiva 5: Motivation: Complex fabrication of TF-PV devices
	Diapositiva 6: Motivation: High tech materials Industry
	Diapositiva 7: Motivation: High tech materials Industry
	Diapositiva 8: Motivation: Transference From Laboratory to Industry 
	Diapositiva 9: Project concept
	Diapositiva 10: Project concept
	Diapositiva 11: Project concept
	Diapositiva 12: Project concept
	Diapositiva 13: Project concept
	Diapositiva 14: Platform development
	Diapositiva 15: Platform development
	Diapositiva 16: FUTURE industrial transference
	Diapositiva 17: Project concept Pilot-lines where demonstrate the process monitoring platform 
	Diapositiva 18: Methodology
	Diapositiva 19: Methodology
	Diapositiva 20: First operative system
	Diapositiva 21

	IREC_Reading Photons- Spectroscopic Characterization

