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International Cooperation
European On Semiconductors

Commission
——

Team: 30 researchers

RF SOl in all wireless systems
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Factors explaining the environmental impact of ICT
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Moore’s Law — an economic law |C??Z S

o Number of transistors doubles approximately every 18 months at a fixed low production cost
Tera |
L 1
e 1 500 billion
> M - H-u-f-i-f ~1-2 cm?
5 SO | 50 billion
Q.
9p)
| -
O
el
D
2 0.1 Giga ~—
m l
| -
. ; ; ; |
1995 2000 2005 2010 2015 2020

Years



Miniaturization — Pressure on materials IC S

International Cooperation
European On Semiconductors
Commission

—

I ] | v Vv Vi Vi o

' =
hydrogen s helium
1 2
lithium beryllium boron carbon nitrogen oxygen fluorine neon
3 5 6 7 8 g 10
2 Li|Be B|C|N|O| F|Ne
—
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
" 12 13 14 15 16 17 18
* Na Mg Al| Si||P S |CIl| Ar
potassium calcium scandium titanium vanadium chromium manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
4 K|cCa Sc| Ti| V|Cr{Mn|Fe|Co| Ni|Cu|Zn|Ga|Ge|As| Se| Br| Kr
rubidium strontium yitrium zirconium niobium molybdenum technetium ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
5 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
caesium barium lanthanum hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
6 55 56 57 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs|Ba La| Hf [ Ta| W|[Re|Os| Ir | Pt | Au|Hg| Tl | Pb| Bi| Po| At | Rn
‘ e |
francium radium
87 88
7 F R cerium praseodymium nedodymium promethium ‘samarium europium gadolinium terbium dysprosium holmium erbium thulium ytterbium lutetium
r a 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Lo | e |
Ce| Pr|Nd|Pm|{Sm| Eu|Gd|Tb|Dy|Ho| Er {Tm| Yb| Lu
, .
thorium protactinium uranium neptunium plutonium americium curium berkelium californium einsteinium fermium mendelevium nobelium lawrencium
90 92 93 94 95 96 97 98 99 100 101 102 103
iyl [y | i

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



5

Miniaturization — Pressure on materials IC

International Cooperation
European On Semiconductors
Commission

—

I ] | v Vv Vi Vi o

' »
hydrogen s helium
1 2
. 1 9 9 0 ] 4oy
lithium beryllium boron carbon nitrogen oxygen fluorine neon
3 5 6 7 8 g 10
2 Li|Be B|C|N|O| F|Ne
—
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
" 12 13 14 15 16 17 18
* Na Mg Al| Si||P S |CIl| Ar
A — - - . A A A—
potassium calcium scandium titanium vanadium chromium manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
4 K|cCa Sc| Ti| V|Cr{Mn|Fe|Co| Ni|Cu|Zn|Ga|Ge|As| Se| Br| Kr
rubidium strontium yitrium zirconium niobium molybdenum technetium ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
5 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
caesium | barium lanthanum hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
6 55 56 57 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs|Ba La| Hf [ Ta| W|[Re|Os| Ir | Pt | Au|Hg| Tl | Pb| Bi| Po| At | Rn
‘ e |
francium radium
87 88
7 F R cerium praseodymium nedodymium promethium ‘samarium europium gadolinium terbium dysprosium holmium erbium thulium ytterbium lutetium
r a 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Lo | e |
Ce| Pr|Nd|Pm|{Sm| Eu|Gd|Tb|Dy|Ho| Er {Tm| Yb| Lu
, .
thorium protactinium uranium neptunium plutonium americium curium berkelium californium einsteinium fermium mendelevium nobelium lawrencium
90 92 93 94 95 96 97 98 99 100 101 102 103
iyl [y | i

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



1777

European
Commission
——

titanium

22

Ti

a7.8870)

thorium protactinium
90 91
252038 | 2310 e52)

1990°'s

cobalt
27
589332009
technetium cadmium tin
43 48 50
188.9063) 124110 118.7100)

tantalum tungsten mercury

73 74 80
1809475001 183 84(1) 200502)

promethium
61
[144 9127]

uuuuuuuuu ptunium plutonium americium curium berkelium californium einsteinium fermium mendelevium nobelium

92 93 94 95 96 97 98 99 100 101 102
zzzzzzz ) 257 04621 1244 0642] 2430614] (2470703 (2470703 (2510796 12520830] {257 0951] {258 0984] 250.1011]

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

VI

Miniaturization — Pressure on materials

Vil

neon
10
2017976)
sulfur
16
52066)
selenium bromine krypton
34 35 36
78.96) 799040) &3.001)
tellurium iodine xenon
52 53 54
127.60(3) 126.90447(3) 13120(2)
polonium astatine radon
84 85 86
1206 9824] 1200.9871] 2201781
| S—
lawrencium
103
[262.110]

ICES

International Cooperation
On Semiconductors



: : %
Always more extraction, always more materials |C% S

International Cooperation
gz:fneggion On Semiconductors
* Oxygen Abundance of elements in Earth’s crust
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Quantity of energy is always larger per quantity of extracted materials CO2
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Chip unit fab energy: + 7% / year (techno scaling)
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Global chip fabrication
energy footprint: +16% / year ‘ co,
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Much more than climate change ICZ S

Novel entities

depletion

Stratospheric ozone

\

Atmospheric
aerosol loading

Boundary transgressed

Safe operating

space

Zone of increasing risk
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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 CO,,,, ... 16 impact indicators
addressing air, water and soil emissions
and resource use

There is an urgent need to move to
responsible innovation
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On-going actions to reduce the footprint of ICT
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Raw material
extraction

Life Cycle Assessment (LCA) |C% S
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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.

Inputs Inputs

Inputs

Materials Products

End-of-life
manufacture manufacture

Circular Economy
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Data: industrial annual reports (CSR)

Good for the environment, But 70% ’ of sold ICs between 2010-2020
good for the economic profit
EU — INDIA — Joint Researchers Workshop on Semiconductors Y

[T. Pirson et al., IEEE Transactions on Semiconductor Jean-Pierre RASKIN | UCLouvain
Manufacturing, February 2023, doi: 10.1109/TSM.2022.3228311]
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* Evaporation or sputtering of metals

Vacuum chamber

. supsraienower o Recovery and recycling techniques are
currently tested

. &-L\_\ * Most of the metal is deposited over the
i chamber walls (>80%)
) . : : : :
s The target is replaced while material remains
kg —— e
target material | H Good for the environment,

| 1 ‘ | good for the economic profit

To pumping system
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. To fulfill upcoming legislations

. Evaluation of bio-sourced (chitosan) water-soluble

resists, avoiding solvent and alkali-based developers
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° Wafer fabrication Wafer fabrication
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A sustainable semiconductor industry must
be the concern of everybody

* Not a source of competition

* COLLABORATION IS KEY

GENESIS project ambitious targets:
* 50% reduction in hazardous materials
* 30% decrease in emissions and waste,

* and improved recycling of rare materials

EU — INDIA — Joint Researchers Workshop on Semiconductors

Jean-Pierre RASKIN | UCLouvain

19



Electronics Waste

European
Commission

. 20% of used

smartphones

—[10
B el B 9 A _

=
MATERIALS MANUFACTURING PRODUCT DISTRIBUTION USE

DESIGN

THINKING END OF LIFE

MAINTAIN
UPGRADE

REDISTRIBUTE

(&

REMANUFACTURING

[

RECYCLE 0
Yo
10-15%
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. 20% of used

smartphones
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* 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

RECYCLE

The shorter the loop is, the better is ... Reuse, Repair, Repurpose, ...
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Non-présent dans un smartphone et (pouvant étre) nécessaire dans un objet loT

Sensors ( Connectivit Processing
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« 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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* 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

* OQOurtechno-liberal societies encourage us to develop creative destruction (Joseph Schumpeter)
* We should start thinking about appropriate and appropriable technologies
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Tomorrow’s Drivers?

Today’s Drivers
Performance & economy

PPAC

EU — INDIA — Joint Researchers Workshop on Semiconductors PPAC-E&S
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