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SCHOTT

Pioneering the impossible since 1884

1884

Optical
glass

v

The most precise
microscopes

1911

FIOLAX® Borosilicate
glass tubing

v

Highest quality for
pharmaceutical packaging

=
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1968

ZERODUR®
Glass-ceramic

v

The world’s largest
telescopes

2013

SCHOTT UTG®
ultra-thin glass

A 4

Guinness World Record
— thinnest glass on earth

-

2018

High-index glass
wafers & waveguides

v

Fully immersive mixed
& augmented reality

SCHOIT

glass made of ideas

2024

Glass for advanced
chip packaging

v

Transforming next-gen
semiconductors




Vision for Specialty Glass =5 @
Development and Life Cycle ~~ GLASAGENT

Application determines target glass properties 4 6

Glass Development Loop g‘ .‘Ii;i\.
— . P

1. Simulation of glass properties & process (digital twin) ) ¥
2. Robotic Melt for automated synthesis in the lab PRODUCTION /FEcyc\L® RECYCLING

3. Lab automation for automated sample analysis GLAS %_'% AGENT

Product Life Cycle 0

salate,

4. Production using recycled components and process
parameters informed by digital twin

Product use without compromises in safety & performance
Recycling with separation of different special glass types

SIMULATION

1

LAB AUTOMATION

5.
6.

Spider in the Web

GlasAgent: Software agent integrating these loops
2
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~ Fraunhofer

IPT

Application

New special glass for cost-effective optoelectronic components by wafer-level precision glass molding

State of the art Approach
w

Multi-step assembly process of é
Individual components

1S design

Microchip Optical
modules

|

Optical manufacturing and
micro assembly are cost
drivers for MEMS packages

/V
Frame

MaterialDigital 3, Project GlasAgent ~MEMS = Microelectromechanical Systems 4



~ Fraunhofer

Application

New specialty glass for cost-effective optoelectronic components: optocaps for projector MEMS

Development- g;

Case 1

Production method: casting, cutting, grinding and polishing - Focus on 4“ wafer
Later floating, drawing - 6“-12“ will be possible

Abbe number = 60

Refractive index > 1.52

= CTE <4.5-5x10° 1/K

§, ] Laser |Projection surface
< b as;r- Reflectior
Ko Glass wafer / on mg\
© e\ MEMS". A ‘;

l l mirror \ % )

/ 4 Glasg. Glass V
MEMS wafe Silicon Silicon U
Wafer assembly Bonding Operating principle

MaterialDigital 3, Project GlasAgent



GlasAgent

Architecture Tools

Simulation

E—Browser (HTTPS)—> —HTTPS (API request)»
L3N

Glass developer ChatBot Robotic melt

\ 4

MaterialDigital 3, Project GlasAgent

FRIEDRICH-SCHILLER-
UI\#IIXERSITAT SCHOTT

lass made of ideas

Tools

Databases (glass properties,
patents, ...)

Models that predict glass properties
based on composition

Thermodynamic simulations via GTT

Atomistic simulations via pyiron
workflows

Melt request for robotic melts

Ontology

Starting from GlasDigital ontology
(MaterialDigital 1)

Include relevant ISO and DIN
standards for raw materials,

processing, analysis & recycling

Integrate description of simulation
methods for digital twin



SCHOIT

glass made of ideas

GlasAgent

Chat Mockup

Glass Developer
Hello Otto, I'm looking for a glass with refractive index = A,
Abbe number = B, and CTE < C ppm/K.

PpOtto searches the internal Schott database.

pOtto searches external glass database.

Otto

Unfortunately, | couldn't find any known glass with those
properties. Should we try inverse design?

Glass Developer

Yes, let's give that a try.

MaterialDigital 3, Project GlasAgent 7



Demo - SciGlass
Next Search

SciGlass Next

= SciGlass: Open glass property database

=  SciGlass Next: web interface based on
SciGlass

= Add SciGlass Next MCP endpoint to
your chatbot of choice!

— Visual Studio Code
ChatGPT Plus (Developer Mode)
Claude

MaterialDigital 3, Project GlasAgent

Search Panels

Search for 422K+ glasses and melts. Sourced
from 40K+ literature sources.

Data Tables
Browse and filter the glass compositions and
properties powered by DataTables.

Optical Spectra
More than 15,000 optical spectra (from UV to
near IR) for glasses and melts.

Author Index
Easily browse and view publications by author
name.

Data Visualization

Interactive scatter plots, histograms, and
ternary diagrams powered by Plotly.

Calculation Result
Predict the properties of glass compositions
with different models.

Glass Formation
More than 4,000 ternary diagrams of glass
formation.

Subject Index
Specially organized topics for locating difficult-
to-find database entries.

B\ FRIEDRICH-SCHILLER-
UNIVERSITAT
JENA

=
Property Diagram

Display experimental property values for
selected system in ternary diagram.

More Features

Stay tuned for more features like commercial
glass search and full-text search.

Property Predictor
Python-based ML model for
predicting 85 glass properties
powered by GlassNet.

Register for free at sciglass.uni-jena.de



] Chatbot

Demo - SciGlass
Next Search

SciGlass Next

= SciGlass: Open glass property database

= SciGlass Next: web interface based on
SciGlass

» Register for free at sciglass.uni-
jena.de

= Add SciGlass Next MCP endpoint to
your chatbot of choice!

— Visual Studio Code
— ChatGPT Plus (Developer Mode)
Claude

- ... Message

— See SciGlass Next documentation I'm looking for a glass with refractive index >1.52, Abbe number >60 Clear Chat

o adcelB >
MaterialDigital 3, Project GlasAgent 9



SCHOIT

1 S - I t. Chat Mockup glass made of ideas
- olmuiation
" Otto
1 . 1 Data 'd I'Ive n m Ode IS Which material model should we use:
1. FancyML
2. SimpleML
— — ) o=
- Glass Developer
‘ Please use the FancyML model.
Glass composition = Data-driven models Glass properties
.,‘,' Enrich with
‘4 )‘ physics-based ot
v descriptors ° . . .
All right. That will take a few minutes. ..
= Given composition (75cy0 SiOz, 1 5% N azo’ 1 0% POtto uses the FancyML model for inverse calculation. Progress [-—]
CaO) predict glass properties (glass transition o
0
temperature’ .- ) I've determined a glass composition [XYZ], with n=1.8,
. .. . . Abbe number 65, and CTE 4 ppm/K, but with a low
u Seml-empll’lca| and machine-learning models confidence score. Warning: Experimental data in this

property range appears to be insufficient.
= Development focus:

— Uncertainty prediction

Glass Developer

_ A it That's not a bad start. What's the prediction if | increase
Inverse deSIQn' from property to composmon component X by 1% and omit expensive components?

POtto uses the FancyML model for prediction

MaterialDigital 3, Project GlasAgent 10



Demo - SciGlass
Next Prediction

SciGlass Next

= Using GlassNet model by D. Cassar
et al.

\ FRIEDRICH-SCHILLER-
4 UNIVERSITAT
JENA

MaterialDigital 3, Project GlasAgent

F

Chatbot CTE=3.9ppm/K (39x1077K™)
o Composition (mol%): P,0s 53.09, Si0» 29.51, Al,0; 17.39

This glass has the highest Abbe number and a low CTE, though its refractive
index is only slightly above your threshold.
If you want a higher refractive index while keeping Abbe > 60 and CTE low, the

best compromise is:

Glass No. 192520 / 192529 (2000)

o ng=1.549

o Abbe number=65.51

o CTE=4.49ppm/K (44.9x107'K™)

o Composition (mol%): Ca0 4.36, MgO 15.15, Na,0 2.96, SiO, 71.04, Zr0, 5.9,
Al;03 0.6

Do you want me to optimize for the absolute highest Abbe number or for a
balanced high nq and low CTE?

D

Message

How dq the properties of the last glass compare against ML Clear Chat

P predictions?1 >



MAX PLANCK INSTITUTE SCHOTT
FOR SUSTAINABLE MATERIALS glass made of ideas

< BAM

1. Simulation
1.2 Atomistic simulations

Glass structure from melt-quench procedure ~> Properties - —ow | ==
W@ ) - Newtrea diffraction ul @) —— Netron diflraction i ~-“"‘N.Bn é: e
Temperature [K] - \‘ /\ g :
£ i J\.\ WA= WA~ o
6000 - £ M . e | e
5000 - . e e :

Eciad Structure factors R R Y §
3000 - Radial distribution functions

2000 -

i ) Table 2 Density of the glass samples
1000 “1 3_ Conditicn Boro-33 N-BK7
3' Experiment 723 bX)
e i, Wang 2.3840.06 (+5 %) 2514001 (+0%)
0- Du 2.340.01 (+3.14 %) 2484001 (-0.8 %)

200 400 600 800 1000 1200 e ! ———
Angle distributions functions Densities

time [ps]
incl. prOJectlons
S
Conditron Young's Dedk modeden Shoar modibes Powsos's (00
modudn [(“ ) (<)
Gk
o
(Experiment) - ns 288 LA
oo @ Gon  ema e
b nsse mm3 mea?  emses

N . Elastic constants

MaterialDigital 3, Project GlasAgent 12
Deng, L., and Du, J. 2018. J Am Ceram Soc 1(2):403.

Lee, K.-H., et al. 2020. Journal of Non-Crystalline Solids 528:119736.



72 MAX PLANCK INSTITUTE SCHOT
A FOR SUSTAINABLE MATERIALS  |EEEECIEERRPEI; ideas

1. Simulation
1.2 Atomistic simulations

Typical workflow today

000 000
000000
00C—200

Time to result: days to weeks

MaterialDigital 3, Project GlasAgent



MAX PLANCK INSTITUTE SCHOTT
FOR SUSTAINABLE MATERIALS glass made of ideas

< BAM

1. Simulation
1.2 Atomistic simulations Chat Mockup

Glass Developer

= Automated workflows for melt_—quenCh Let's start development with the following three compositions: [...].
procedure & property calculations

POtto creates order for robotic melt.

— Using pyiron workflow manager

Otto

— Ta rgeti ng time to result: ~12h Here are the melt orders with suggested raw materials.
. ) ) ] [Download/View] Submit?
= (Classical & machine-learning force fields laN
|
Glass Developer
M e I t_q uenc h WO rkﬂ ow v - ~ That won't get done today anyway. Let's run the standard simulatio‘r:es
pY ron overnight.

Temperature [K]
POtto starts thermochemical melt simulations with GTT/FaCCT Sage.

6000 -
POtto starts atomistic simulations of glass composition and properties using universal
5000 - ML potential. Runtime: 12 hours.
4000 - Otto
The simulated CTE for composition 3 deviates significantly from the
3000 - target.
2000 -
Glass Developer
Please submit the melt order for the other two compositions.
1000 -
0~ POtto sends order to robotic melting facility.
200 400 600 800 1000 1200
time [ps]

MaterialDigital 3, Project GlasAgent 14



MAX PLANCK INSTITUTE SCHOTT
FOR SUSTAINABLE MATERIALS glass made of ideas

1. Simulation
1.2 Atomistic simulations

= Automated workflows for melt-quench Current work status

procedure & property calculations 1. Workflow generation for:
— Using pyiron workflow manager « Meltquench @
— Targeting time to result: ~12h * Viscosity @
= Classical & machine-learning force fields ltaN * Coefficient of thermal expansion

SE)e * Elastic moduli
Melt-quench workflo :
qu W W ﬁygfo)? 2. Structure analysis:

Temperature [K] « Radial distribution function @
5000 « Coordination numbers @
5000 - « Bond angle distribution @
4000 - * Q" and Network connectivity
3000 - (NMR-consistent structural metrics) @
2000 - ’ Rlngs © _
_— 3. Classical potentials @
i 4. Development of ML potential

200 400 600 800 1000 1200 . .
time [ps] Plan to open-source classical potential

workflows by April 2026 (& register theq15

MaterialDigital 3, Project GlasAgent _
in PMD workflow store)



Demo - Atomistic
simulation

» Using pyiron workflow manager
» Classical force field (PMMCS)

MaterialDigital 3, Project GlasAgent

& Chatbot Original +5% Al20s Chang
Property S T
Prediction Prediction e
Refractive index
1.547 1.543 -0.004
(ng)
Abbe number 53.32 55.27 +1.95
CTE (ppm/K) 4.19 4.20 ~0
Interpretation:
o Increasing Al,O; slightly lowers refractive index but improves Abbe number.
o CTE remains essentially unchanged.
o The model also predicts a small increase in Young’s modulus and thermal
shock resistance.
Do you want me to explore whether further Al,Os increases could push the Abbe
number above your target of 60 while keeping CTE low?
D
q
Message

lam intereste? in the atomic structure of this glass. Can you calculate

P 1t for me?|

>

Clear Chat



Melt-Quench Simulation Results

Task ID: 50c135d3-8ffb-4822-ab54-f29bf0ed6aeb

Composition: 0.25Ca0-0.25A1203-0.55i02

Atomic Structure

Style:  Ball & Stick v

MaterialDigital 3, Project GlasAgent 17



1. Simulation
1.3 Thermochemical simulations (Calphad)

| System A-B-C T,
Ui | System A-B-C T,
| | Phase Liquid [Sysem ABCT,
Phase B | System A2B-C
Phase a | system AB-AC
@ | System AB-BC
G =f(Xa, Xg, X, T, P) @ | System B-C
| System A-C ||
System A-B ||
- TI Liquid |
\/ | XB B |

Gibbs energy database \/

Calphad = Calculation of Phase Diagrams

= Based on GTT’s GTOx database & ChemApp software
= Current development focus:

— Expansion of thermochemical database

— Cloud-based software solution

SCHOIT

glass made of ideas

Chat Mockup

Glass Developer
Let’s start development with the following three compositions: [...].

POtto creates order for robotic melt.

Otto

Here are the melt orders with suggested raw materials.
[Download/View] Submit?

Glass Developer
That won't get done today anyway. Let's run the standard simulations
overnight.

POtto starts thermochemical melt simulations with GTT/FaCCT Sage.

POtto starts atomistic simulations of glass composition and properties using universal
ML potential. Runtime: 12 hours.

Otto

The simulated CTE for composition 3 deviates significantly from the
target.

Glass Developer
Please submit the melt order for the other two compositions.

POtto sends order to robotic melting facility.

18



SCHOIT

glass made of ideas

1. Simulation
1.3 Thermochemical simulations (Calphad): overview and current work

| System A-B-C T
[ Phase Liquid | [Smem A8 T, Current work status
| Phase | System A2B-C . ) .
Phase o 3 [ System AB-AC + Beta version of GTOx with B20O3 circulated
| System AB-BC . ; i i
6 = X X, Xo. T, p) {O} [yem e Experiments on enthalpy of mixing ongoing at
| System A-C || SChOtt
System A-B i * Internal demo of cloud-based CalPhaD
| T Liquid N optimizer
- || | F » Prototype integration with GlasAgent
\/' A i = ==B -

Gibbs energy database \/

Calphad = Calculation of Phase Diagrams

= Based on GTT's GTOx database & ChemApp software
= Current development focus:
— Expansion of thermochemical database
— Cloud-based software solution 19



Demo — ChemSage
liquidus line

= Using GTT ChemApp

» Feature: predict liquidus temperature
along a one-dimensional composition
range

MaterialDigital 3, Project GlasAgent

=) Chatbot o CaO solid
o CaCOs
o (CaSiOs polymorphs: wollastonite, pseudowollastonite
o (Ca,SiO4 polymorphs: olivine y, a’, a, larnite (3)
o CasSiOs (hatrurite)

o (CaszSiy07 (rankinite)

We can now:
© Run equilibrium calculations for any mixture of these components.
o Calculate liquidus temperatures along a composition axis.

o Explore phase stability over temperature/pressure ranges.

Do you want me to demonstrate an equilibrium calculation for a specific oxide

mixture?

D

Message

Let's start with a liquidus line. Show me how the liquidus temperature Clear Chat
@ changes, going from silica to a typical soda-lime glass.| @

20



2. Robotic Melting System: overview

Crucible Melting furnaces
(re-) filling
Sensors
Cooling
Batch furnace
dosing
Casting
Batch
container
Lids for mixing
or crucible
filling
MaterialDigital 3. Proiect GlasAgent 1. Automated definition of process parameters in the control software
gfial = Frol g 2. Inline homogenization and measurement of viscosity & density

< BAM

21



. . 2 BAM
2. Robotic Melting System: current work

Implementation of automated definition of process parameters in the control
software

o] ™
Z Fraunhofei™ =

First EN. -
milestone: N S® .
GlasAgent may GO v, ” - =
electronically |7 T ' -
communicate . a
melting orders
to robotic
melting system

| T B

MaterialDigital 3, Project GlasAgent 22



BAM
2. Robotic Melting System: current work (continued) 3

Inline Viscosimetry

= Construction of an induction
furnace

= with stirring unit for
homogenizing the melt
and

= arheometer measuring head
for adjusting the viscosity
before casting

» Improvement of reproducibility
and quality of glass blocks

MaterialDigital 3, Project GlasAgent 23



Demo — Submit melt request

& Chatbot

2]

= Using robotic melt API ) ) N ) (e
I am looking at the DGG3 standard glass with composition 78.6 Si02, 12.7 B203, 2.8

Al203, 3.4 Na20 0.94 K20 (wt%).

Do you have the raw materials to melt it?

©)

~ Tool: robotic_melt_api__melt-get_raw_materials

~ Result from robotic_melt_api__melt-get_raw_materials

Yes — all oxides in the DGG3 composition are available as raw materials:
o SiO; (purity 99%)

©  B20; (purity 100%)

o Al,0;3 (purity 100%)

© Na0 via Na,COs (purity 100%)

o K20 via K,COs; (purity 100%) !
X - "}y

MaterialDigital 3, Project GlasAgent 24



A TH
3. Automated Lab: bottleneck #1 sample polishing selisca
3.1. Outline of a fully automated system

Preparation

CNC grinding
P Rough & fine Cleaning Pre-Polishing
$i Tool & PP selection = A )
p TooTSe P selection 4 grinding (waterjet) (DX5-10 Tools)
‘ - \
. 11171 I (R B .
PFOdUCtIOI'] } w } Job check In Automated loading Optional: rework Measuring of Cleaning
. into production line sample sample (tactile) (waterj

jet)

(Test) Melt & manual loading

A

\/ CNC Polishing and Inspection -
| Customer Packaging | QA | | Cleaning | &l:::u(:lliil:o(::ing un?:;3$;t:im Scope of Original Concept ':::;':;:i:;z:?;:g
A Optional: rework ?‘; Polishing ‘_
sample v
L QA measurements — [ measurements
_____________________ Measuring of Cleaning?
sample (optical) (water- or airjet)
Goals: 1. Automated sample preparation for glass analysis: optical [_pP:Process Parameter
properties, chemical resistivity, mechanical strength, Material flow
thermal properties; process time reduced to hours —> Information flow

2. Required(1): robot-based handling system

MaterialDigital 3, Project GlasAgent 3. Required(2): camera-based automated quality control

25
system for polishing processes



3. Automated Lab: bottleneck #1
3.2 Some pictures

Robot-based handling
system

MaterialDigital 3, Project GlasAgent

celisca

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

| 110 |IIIW

Camera-based automated
quality control system for
polishing processes:

At which stage is the scattering
at the surface so small that
polishing is finished?

26



LTBA

3. Automated Lab: bottleneck #2 wet chemistry ssveommrosmom
3.1 Ildea: LIBS for quantitative glass analysis

LIBS = Laser-Induced Breakdown Spectroscopy
Working Principle

1. Laser-Induced ablation, creating pm- to mm-size
plasma

2. Optical emission spectroscopy of the plasma

3. Concentration of elements derived from intensity of
characteristic spectral lines.

Goal

1. Feasibility of quantitative glass analysis
2. Replacement of wet chemistry

MaterialDigital 3, Project GlasAgent 27



LTBA

3. Automated Lab: bottleneck #2 CASERTECHNIK BERLIN
3.2 Status of: LIBS for quantitative glass analysis

« LIBSpector arrived at BAM and under implementation
- Integration in the robotic melting system necessary

« Oven for LIBS on melted glass is set-up in the LTB
laboratory
- New design of OEM-LIBS necessary

» First CAS glass calibration measurements with
LIBSpector at BAM:
- Repeat validation at the new location
- Test for new CAS glass melts (CAS: Ca-Al-Si)

« Calibration on Borosilicate glasses was tested and laser
parameters have to be changed to ensure similar impact
on different glasses

undesired impact desired impact

MaterialDigital 3, Project GlasAgent 28



SCHOIT

glass made of ideas

4. Production

MaterialDigital 3, Project GlasAgent 29



SCHOIT

glass made of ideas

5. Product use at customer

MaterialDigital 3, Project GlasAgent 30



6. Recycling PRALL-TELE
6.1. Separation of components from complex devices

* [nnovative company specializing
in various recycling technologies

*= Broad product portfolio:
Impact Crushers, Hammer Mills, Shredders,
Screening and Sorting Systems

Areas of Application:

MaterialDigital 3, Project GlasAgent



4&]’% TU Clausthal

6. Recycling
6.2. Test of melting behaviour

furnace
with lifting
table

Electrical furnace with a camera ML- Image analysis ML- Im.a.ge analysis
Monitoring through a narrow Melt stages (ResNet34) Castat::llty Checkﬂ(Mech.amce.ll uzpact >
Al,O; tube Granules - Foaming = Fining Image change rate reflects viscosity)

MaterialDigital 3, Project GlasAgent 32



6. Recycling
6.3. High-Throughput Glass Characterization

3D printer Multi-component printing

T |

MaterialDigital 3, Project GlasAgent 33



6. Recycling
6.3. High-Throughput Glass Characterization

First step is a 3D-print of a suitable slurry consisting
of glass precursors and organics

Second, organics get burned off and glasses with
different compositions remain

Next step is upscaling the process to the desired
sample amount

Current working is on ways of characterizing the
quality and reliability of the print

MaterialDigital 3, Project GlasAgent
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GlasAgent

= Goal 1: accelerate specialty glass development through

Easy-to-use digital tools via chatbot interface
Automatic simulation workflows
Robotic melting system

Sample preparation for any analysis by automated
polishing

LIBS for fast composition measurement

Demonstrator: development of special glass for
optoelectronics

= Goal 2: enable recycling of special glasses & integrate it
into the development process

= Partners: 10 partners from industry, university &
research institutes with leading expertise

= Duration: 01/2025 - 12/2029

SPONSORED BY THE —

% Federal Ministry
of Education
and Research
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@
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GlasAgent says “Thank you” to

= Achraf Atila, BAM

= Stefan Reinsch, BAM

= Tina Waurischk, BAM

= Heiko Engelhardt, CELISCA (U Rostock)
= |gor Seibel-Geraschenko, FSU Jena
*= Ya-Fan Chen, FSU Jena

= Florian Tang, GTT

= Alexander Walnsch, GTT

= Albina Karimova, IPT

= Steffen Mittelmann, LTB

= Kai Richter, PRALL-Tec

= Bastian Barwick, SCHOTT

* Detlef Kopsel, SCHOTT

= Marcel Sadowsky, SCHOTT

= Enzo Henrique Miguel, TUC
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Discussion

GLASAGENT




