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Nanoelectronics – a fantastic world

2

RF SOI in all wireless systemsOn-chip straining stage for materials
characterization and properties tuning
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Team: 30 researchers
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Factors explaining the environmental impact of ICT
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Moore’s Law – an economic law 

Number of transistors doubles approximately every 18 months at a fixed low production cost
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Miniaturization – Pressure on materials
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Miniaturization – Pressure on materials



EU – INDIA – Joint Researchers Workshop on Semiconductors
Jean-Pierre RASKIN | UCLouvain 7

Miniaturization – Pressure on materials
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1 ton ore = 
330 kg iron

1 ton ore = 
3 g Platinum

Factor 
of 1010

Products
in 1950 Products

in 2024

Always more extraction, always more materials

[Prof. M. Ashby, Cambridge Univ.]
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[Prof. M. Ashby, Cambridge Univ.]
Quantity of energy is always larger per quantity of extracted materials CO2

Always more extraction, always more energy
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Increase of process complexity
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Chip unit fab energy: + 7% / year (techno scaling)
Chip unit sale: + 9% / year (consumption, obsolescence)

Global chip fabrication
energy footprint: + 16% / year

+

CO2
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Much more than climate change

• The scientists have demonstrated the 
coupling between the way of living and 
the health of the planet

• Several planetary limits have been already 
transgressed

• Not only CO2eq … 16 impact indicators 
addressing air, water and soil emissions 
and resource use

• There is an urgent need to move to 
responsible innovation

DOI: 10.1126/sciadv.adh2458
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On-going actions to reduce the footprint of ICT
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Raw material 
extraction

Materials 
manufacture

Products 
manufacture Use stage End-of-life

Inputs Inputs Inputs Inputs Inputs

Waste Waste Waste Waste Waste

GateCradle Grave

Circular Economy

LCA studies (ISO 14040) the potential impacts on the planet ecosystems and human health from 
raw materials acquisition through production, use and disposal of a product or service.

Life Cycle Assessment (LCA)
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Reduce energy and water used

[T. Pirson et al., IEEE Transactions on Semiconductor 
Manufacturing, February 2023, doi: 10.1109/TSM.2022.3228311]

But 70%        of sold ICs between 2010-2020 Good for the environment,
good for the economic profit

Primary Energy Demand

Data: industrial annual reports (CSR)

Water consumption
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Recovery and Recycle of metals

• Evaporation or sputtering of metals

• Recovery and recycling techniques are 
currently tested

• Most of the metal is deposited over the 
chamber walls (>80%)

• The target is replaced while material remains

Good for the environment,
good for the economic profit
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New chemistry in R&D

For stripping, wet etching, cleaning, decontamination
Evaluation of bio-sourced (chitosan) water-soluble 
resists, avoiding solvent and alkali-based developers

To fulfill upcoming legislations
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New engineered substrates

Global Warming Potential and Abiotic Depletion Potential [B. Vanhouche et al., Electronics Goes Green 2024,
Berlin, Germany, June 17-20, 2024]

Log scale
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Substitution of materials

Spiking neurons for neuromorphic systems

[N. Bidoul et al., Electronics Goes Green 2024,
Berlin, Germany, June 17-20, 2024]

Gold replaced by Aluminium: -25 % CED and -43 % GWP
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GENESIS – EU project

GENESIS project ambitious targets:
• 50% reduction in hazardous materials
• 30% decrease in emissions and waste,
• and improved recycling of rare materials

- 60 partners
- 12 countries

• A sustainable semiconductor industry must 
be the concern of everybody

• Not a source of competition

• COLLABORATION IS KEY
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Electronics Waste

70%

10-15%

20% of used 
smartphones
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Electronics Waste

70%

10-15%

20% of used 
smartphones

• Only 17 out of 60 elements
• Only 4-5 are profitable
• Not profitable because raw materials are really too cheap
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We must implement solutions for more circularity
The shorter the loop is, the better is … Reuse, Repair, Repurpose, …

70%

10-15%

20% of used 
smartphones

Electronics Waste
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Reuse, Repair, Repurposing

+

• Battery control and space location of electric scooters

• Monitoring of cryogenic batteries for solar energy storage

[N. Brusselmans et al., Electronics Goes Green 2024, Berlin, 
Germany, June 17-20, 2024]
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Conclusions

• Use LCA to reveal trends in early stage of a technology development and consider the whole 
life-cycle of a product or service

• However, complexity in fab, supply chain and IP make data collection a challenge

• LCA is not sufficient, study rebound effects and consumer behaviour!
• Need for transversal collaborations & a holistic approach (industry, academy, regulations, 

citizens, social sciences) along the entire life of the product or the service

• Our techno-liberal societies encourage us to develop creative destruction (Joseph Schumpeter)
• We should start thinking about appropriate and appropriable technologies
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What is a route towards sustainable microelectronics?
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Today’s Drivers
Performance & economy
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Tomorrow’s Drivers?
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Social
Environment

PPAC – E & S
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