leti

_

ENABLING RESILIENCE AND
CIRCULARITY IN SEMICONDUCTOR
MANUFACTURING

Laurent PAIN

Sustainable Electronics Program Director, CEA-Leti

Contact : laurent.pain@cea.fr

GENESIS and FAMES are EU programs supported by CHIPS JU and its associated INSTITUT
CARNOT

members states. In addition, GENESIS Swiss partners are supported by the Swiss
EA LET
state secretariat (SERI)


mailto:laurent.pain@cea.fr

Summary

1. Introduction

2. 15t need : impact identification

3. Amo
-

4. Deve

5. Conc

re sustainable ICT manufacturing
ne SUBFAB Labs initiative

opment around integration & systems

usions



ICT INDUSTRY PARADIGM
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ICT FORECAST.

Computer Microchips Market, By Chip Type, 2021-2034 (USD Billion)
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Urgent need to pave the route toward a
sustainable electronic_

Sustainable Electronic

Eco-design

echnology need
ain from design
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Understand environmental impact ’i:-AM ES W
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LCA methods Dynamic e-score LCA SW platform Eco design solution
comparative, absolute
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The challenge for a more sustainable IC industry

Etch gas process example

Revisit raw
materials

Fluorspa
.P 4

Optimise material
process

Literature carbon intensities
CH2F2 manufacturing
~10 kg CO2eq/kg CH2F2

Fluorinated Materials

Electronic grade
purification impact

(crease carbon foo@
10-1000x

Courtesy from aRKE

Fab Process
Consider global impact
Use phase and by-product

ielectric etch chamber
45% of CF4 not used
Applications & Abatement

Contact etch chamber
to 85% of CF4 not us

Results from CEA-Letipilot line with (EDWARDS

Emissions:
- Production
- Use

- Abatement

Final waste

Deposition
- Sail

- Surface Water
- Ocean




Gas & water
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GENESIS
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Develop & qualify solution to improve ICT
manufacturing sustanability
(TRL3 > 6)




GENESIS objectives

= Improve the entire manufacturing sustainability chain value

s Air Emissions

Reduce gas emission
Abatement

12 innovation targets
Material & processes

GASES &CHEMICAL
PFAS free materials

(litho, bonding, eqpt)

Low GWP gas (etch & clean)

Fab level: process & equipment
PROCESS

Technology sustainable alternatives
(FEOL-BEOL-packaging)
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YY"

6 innovation targets
CRM mitigation

- —

16 innovation targets SubFab & facilities

sensor/monito ring WASTE MONITORING & TREATMENT
technologies By-products & wastes sensing & monitoring 4

Filtration and adsotpion solutions (PFAS..)
Reuse

H2 gas carrier re-use (MOCVD)
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Ninnovation targets
waste minimization
solutions

Final treatment

Reduce aqueous emission
Water abatement
Develop CRM recycling

& valorization solutions




LASECEA-LETI PARTNERSHIP ENGAGEMENTS

JU Chips GENESIS

Develop & qualify solution to improve ICT

manufacturing sustanability
(TRL3 > 6)

utional)
ustainability
ent

(Progra
Scale up sol
im

7 B Sl JU Chips FAMES

;W// > CEA-Leti FDSOI 10/7nm Pilot line
‘% WP Sustainability
k) Methodology & impact scoring

iy . .
Pilot line impact reduction

Eco-design

i gﬂ“ﬁl“ﬂ ‘txq‘ ﬁ ﬁ%\i%
Nov. 2025 s ‘!“X\X‘x‘i\“ﬁ‘.‘;\\% \




NN w
SUBFAB LABS AMBITION .
A dedicated environment to RETHINK SUBFAB
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- Objectives :
= Improve material and Hardware use, waste management policy (sensing, circularity, waste treatment...)
- Qualify new solutions in « certified prod- like condition mode »
-~ Fab modelling data to evaluate economical and sustainability impacts

- An environment open tailored for partners to :
- Evaluate new Hardware (pumps, abatement...) in intensive mode
- Qualify new materials (Low GWP gas, PFAS free resist..)
= Mature new breakthrough solutions on process, sensing strategy, waste management incl. minimization,

recycling/re-use, data handling
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SUBFAB LABS environment

nk a more sustainable SUBFAB
A

\

Affiliate program
Co-driven with
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> Location : D ]
o ew abatement strategies
- 200:300mm Pilot line in
operation

- Objectives
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- Waste composition — -
ABATEMENT S
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- New Hardware (pump, tubes, ancillaries)

+ Final waste optimization (air/water)

. Heat transfer fluid Reduce, recycle, reuse

pilot line
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SUBFAB LABS location
4103- New LETI fab

Building: 4103 v
Environment: 2 level of basement (clean & dirty) v

Facility status : Facilities already pre-aquiped
6 aqueous segregation lines available

4103 new CEA-Leti facilities
State of the art facilities
Experimental floorplant reserved compatible with 4 equipments config

=2l | Pain — SEMI Europe — Nov. 2025



PHASE 1 - By-product data analysis

- Test line infrastructure
-> 200/300 CEA-Leti pilot line
- Data analytic performed with sensor partners

- Test protocol (per process family)
- DOE : define process boundaries and experimenal set-up
- Process tests
Specific DOE
Hook-up (if needed) of post process line for sensor installation
Measurement campaign
Result analysis and report
Removal of sensor for next process monitoring

CEA-Leti pilot line etch & deposition potential portfolio
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PHASE 2 - SUBFAB LAB Etch post process

Project 1. Material & sensor test line Project 3. Abatement innovation

» Extensive new material tests (gas, resist) New abatement strategies (Low pressure
» Sensor test Plasm, Catalytic, bio bases...)

» Analytical analysis & metrology + PFC DRE%

* PFAS & by-products concentrations * Byproducts handling

» Etch gas DRE% * PFAS concentrations

» Etch gas handling
@ {
=]
=
POU
ABATEMENT @
= = Y
PUMP b ﬂ""'l y PM1 EEET PUMP =
e ——————————— e e e e e e e i e e e e e e e e e e e e e ppp— = § 2 1) Ep—
ABATEMENT
£ e PUMP b {rml
g
POU 4 :
ABATEMENT 4th chamber can be split for additional test line oy
=
CHILLER *
WASTE @
RECLAIM =,
o g
e Pumps

Project 4. Effluent water/chemicals reclaim

*  Abatement

* Valves/seals/fittings

» Coatings

* By-product accumulation

« Water conservation
PFAS reduction

* Recovery of unused gas (+ purification &
reuse)

Project 5. Heat Transfer Fluids emissions

* Alternative HTF validation
HTF handling improvements
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« L+ Cost reduction : energy efficiency, raw materials, waste reduction, ...

S "

= e/
4550 | I 4
NS

iva A

Unique opportunity to access a dedicated HVM line platform without

|mpact|ng your production environment

%’ Competitive advantage: product innovation + "green" differentiation

 &* Access to green financing and public subsidies

*~~ Improved ESG score

. Less dependence on critical resources (rare gases, materials, water, energy, ...)
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6R POLICY FOR CIRCULAR & LONG LASTING '

ation challenge between
stanability & ICT

Renault group ambition RG

THE FUTURE (&
IS NEUTRAL @

First company with 360° operation
across the entire automotive value
chain, from the supply of parts and
raw materials to the vehicles’ end-of-
life (ELV).
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W
EXTEND LIFETIME : POWER CONVERTER CASE \ &

1 - Model based

. Grounded in physics,
. Allow to simulate multiple failure modes
. But complex to implement, time consuming, no real time

= Connectors “ = Contaminants &

u Others Dust

CEUSN 5 Solder Joints Humidity &
Moisture

emiconductors .\S/;?;:lt(ion& 2 - D ata d rlven
e * Flexible
» But often ignore physics
| " Taniperehrs » Lack of experiment data of failure

Fig. 1. Failures impacts (a) and associated causes (b) in power 3 — P I N N
electronic systems

Y. Fassi et al. “Towards Physics-Informed Machine Leaming-Based Predictive (Physics Informed Neural Network)
Maintenance for Power Converters — A Review,” IEEE Transactions on Power . .
Electronics, pp. 1-33, 2023 ° Comblnlng Al & physics

» Trade-off: accuracy vs. physical consistency

g L Pain— SEMI Europe — Nov. 2025



REPAIR

retronix

with

At component level ' —>
Desoldering

\

old — Test on sevc?ral .
interconnexion sizes
@ Re-soldering

Vitrimers

New polymer needs Additive
@ manufacturing

memory

Source: CEA

Rozrosslinking

RS B3: Dec ic state

R —— | (& ’ 'Facll;;a-;r;ceulgl;lq
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At package level PCB Mool
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THE ROAD TOWARD A MORE S_.USTAiNAB.LE INDUCTRY

Synergies
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