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Les dispositifs loT

Selon les agences, les entreprises ou méme les personnes
interrogées, les preévisions tablent sur 50 a 100 milliards
dobobjets connect®s ~ I nternet doi c

2014 @
10 billion

Source : IBM



Sauf que selon les spécialistes du chiffrage des donnees, |l
devrait exister sur terre environ 1027 octets générés par les
réseaux de capteurs !

Michael Walker, CEO of Apadheam
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Source JoseéHalloy(LIED)
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Current computing industry is based on
crystalline semiconductors
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G ¢ KdBtinui gr e of Si based semiconductors is perhaps the major _
USOKyYy2f23A0I{ T ot 27 uK—lSaseUJecE’nmnlonQS
Ad I a3ISYSNYt |BoxmdiarindTrajieSborg(1095)] 2 3 € €

underlying much of the improvement in information storage, information
transmission and computation since the 1960s and some have argued
[Brynjolfssorand McAfee (2014)] that it is the most important general
purpose technology ever. From 1968 to 2005, the numberaoisistors sold

for use has increased WY"9; by 2005 there were more transistors used then
printed text characters (Moore, 2006)! However, the industry revenue per
transistor has fallen almost as dramatically (Moore, 2006) as has the amount
of material needed make a transistor. Nonetheless, the usage of silicon has
ANRP oY &aAIYAUOLYGfE e a)\;fC:B$5%awquh|5|dbrlo?dS
odzi I fa2 UyR GKS 3INP agR%n thedante Bedicl) 0 K
and that much of the growth of Si usage is associated motirelectronic
applications This growth would b&0”5 (or more) times as high 2005
transistor used as much Si as one manufactured in 1968 showing the
AYLEZNUFYOS 2F U0KS LINRBFT2dzy R OKI y3aS
technological domaig €

Magee andDeveza%2017),A simple extension of dematerializatiotheory
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Figure 2. Computational capacity over time (computations/second per

computer). These data are based on William D. Nordhaus’ 2007 work,’
with additional data added post-1985 for computers not considered

in his study. Doubling time for personal computers only (1975 to 2009)
is 1.5 years.

La loi de Moore postule le
doublement du nombre de
transistors intégrés dans les
microprocesseurfous lesdeuxans

La densification du nombre de
transistors (et leur miniaturisation)
rend comptede f QI dz3 Y Sd¢
la puissance de calcul des
ordinateurs

Lafigure a gauchemontre que les
nombre de calculsréaliséspar les
ordinateursa doublé tous les 1 an
et demientre 1975et 2009

Koomey, Jonathan, et al.
"Implications of historical
trends in the electrical
efficiency of

computing." IEEE Annals
of the History of
Computing 33.3 (2011):
46-54.



Computations per kWh
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Source !'SiliconQuantum Integrated Circuits.
SiliconGermaniumHeterostructureDevices:
Basics andRealisations

E. Kasper and D. J. Paul Springer, Berlin, 2005

n-MOS p-MOS

silicide

n* poly

silicide ~ silicide
strained-Si
p-Si;_,Ge, punch stop

p-Si;_,Ge, well

silicide

p* poly

p-Si;_,Ge, buffer

I\_/\_/%
Fig. 10.23. A schematic diagram of strained-Si n- and p-MOS transistors. The Ge

content in the substrate (y) can be chosen to optimise the performance of either
the n- or p-MOS transistor or both




Energy dissipation as heat is an important issue
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ELEMENTS OF A SMARTPHONE

ELEMENTS COLOUR KEY: @ ALKALIMETAL 8 ALKALIME EARTH META) TRAMSITION METAL @ GROUP 13 ) GROUP 14 i GROUP1S @ GROUP 16 @ HALOGEN @ LANTHANIDE

SCREENO ) ( OELECTRONICS

3

g ol =)

A NS —Tifis-splEeT
AN AR ST D T

“Tin & bead are used o solder
alectronics in the phona, Newer lead-
free solders use a mix of tin, copper
and siber.

The majarity of phones use lithium ion bameries, Magnesium compounds are alloyed to make
which are composed of lithiurn cobalt oxide as a some phone cases, whilst many are made
positive electrode and graphite (carbon) as the of plastics. Pastics will also indude flame
negative electrode. Some bameries use other retardant compounds, some of which contain
metals, such a5 manganese, In place of cobalt bromene, whilst nickel can be induded to
The battery's casing is made of akuminiysm reduce elecromagnaric interference.




Energy

Metals used in
renewable
energy solutions

Other industrial
metals

orn in 2010: How much is left for me?
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Where to find the leftovers?
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THE PERIODIC TABLE'S ENDANGERED ELEMENTS

. LIMITED AVAILABILITY - FUTURE RISK TO SUPPLY

@ . RISING THREAT FROM INCREASED USE

. SERIOUS THREAT IN THE NEXT 100 YEARS

TRATALUM




Criticality of metals and metalloids

T. E. Graedel®®, E. M. Harper®, N. T. Nassar?, Philip Nuss®, and Barbara K. Reck®

*Center for Industrial Ecology, Yale University, New Haven, CT 06511; and "Stellenbosch Institute for Advanced Study, Stellenbosch 7602, South Africa

PNAS | April7,2015 | vol. 112 | no. 14 | 4257-4262
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g I PLATINE : 77%
b (catalyse..)

| PART DE LA PRODUCTION MONDIALE (et principaux domaines d'application)
La Chine concentre les principales
réserves de métaux rares

#GERMANIUM : 79%
(fibre optique..)

#INDIUM : 60%
(photovoitaique...)

Tnuomue:su
(métalurgie...)

e
’ TITANE: 42%
(résistance des alliages...)

FESON Curopione. s A0

Source: (o



Localisation géographique des ressources des principaux minerais en 2010




Part dans la production mondiale
Source : Commission européenne
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Metals
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Extraction Is oftersecondary

Tellurium |

Credits:JoseHalloy (LIED)
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Energy cost of production (10” GJ)
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Non-renewables & energy conundrum

ey

Less
concentrated
minerals

More raw materials
are necessary to
produce energy

World energy consumption

Extraction of raw
materials requires
more energy \
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Source JoséHalloy(LIED)



(1)Acceleration (1) Higher

of fossil fuels capital
depletion. intensity of
renewable

(2) Decreasing technologies.
EROI of :> ; EROIf " Increase in <:

: ecrease the
renewable. . o metal demand gZ)Thus
technologies if energy system increase of

not metal intensity.
compensated by
technological

progress.

(1) Increase (1) Decreasing
need for ore grade for
energ'y. ) Increase of the all metals.

Fizaine F. and Court, V. (2018Renewableelectricity producing technologies
and metal depletion: A sensitivity analysis using tieR0Od BEcological Economics,
110, pp. 10€118.doi: 10.1016/j.ecolecon.2014.12.001.
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Un ontre-argument?

Ql NH dzY S v tidarfs 1& Badx®,(laififF du pétrole a déja été annoncée
5 /LaalyRNBa® t2dNIFyds NASY
dzSyiadsz At yQée | f» NASY RS y?2

EtpourtantY [ Q2 LJAAYA Al GA2Y Said O2yudNBO
limites physiques que nous atteignons désormais ;

Et pourtant: La dématérialisation, comme effet attendu du progres

0§ SOKy 2t 23 Al dzS Su RS fQ2LJiAYAAal A2
opposentuncontrd NHdzYSy i Ay RdzOGATF_ £ LI NI,
LJt dzid A SdzNB R XMagek ghdavezBIDL YASiIB R aiextension

of dematerialization theory: Incorporation of technical progress and the
reboundeffect: a 0 KS Yl 22 NJ SYLIANROIf UYRAY
RSYFOSNAFEATFOA2Y Rdz2S (2 O)SOKy2f2

[ QF NBdzYSy & Ay RdzO( AcentrécOntrédigNientk dz T A



Quellespistesde recherches?

A Spintronique?(paséesur des photons)
A Ordinateurquantique?

A Biomimétisméneuromorphismegsensible
machine$ ?

A Denouvellesarchitectures ¢alculadiabatique
- réinscriptiblg ? Denouvelledogiques? De
nouveauxangages’

A De nouveauxnatériaux(basecarbonnepour
lesmicroprocesseurs?



d implore my audience Studyphysics Helpinvent new kinds
of nanodevices with high adiabatic energy coefficients
Design, build, and empirically test high-quality ballistic
oscillators,interacting with quaststatic logical states, driving
adiabatictransitions between them. Systematicallyfind and
eliminate sourcesof dissipationin your prototypes, one by
one. Extend your designsto larger and larger scales of
complexity, with larger and larger logic blocks ever more
tightly and precisely synchronized Design fully-reversible
architectures languagesandalgorithmse

a! LILINE ﬂheCPﬂQ;ﬁSigéELimits of 2 Y LJdz(l A y e
MichaelP. Frank



Actuellement?

A Conceptiordualistedef QA Y T2 N I { A
(algorithmes formalismes etc.).
[ QA YV F 2 NammésaidhcEstcoupéede
la physiguergjoint lesmathématique$
ATuringtd CNRY (UKS LIR2AYyOG 2
mathematician being digital should be of
ANBFUSNI AVUSNBalG UKLy
(Lecture to the London Mathematic8bciet
on 20 February 1947).

<

J '’ egalementvolé cette citation a JoséHalloy



Ou la recherche se dirigeelle?
6l LINBa f QST T2




Conclusion(s)

A Nous avons encore les moyens de faire dughtech »
ou, mieux, de la recherche, pour quelgues temgas :
guol allonsnous employer ces moyens au cours de
cet intervalle?

A9UGX O2ZNNBL I UA DS pasanplayerlj
ces moyens ? Le designer Tony Fry nous enjoint a evit
le « defuturing». Mais il faut aussi activement €dé
futurer lesfuturs et les projetsnsoutenables.

rtir du paradigme linéaire de la durabilite (en
de croissance comme_de developpement). Tout

C So
matiere
OSOA adzllll2aS RQAYODSaUGANI |



A Lesfuturs : multiples et asynchrones
AL’ a vsegnohronisdesfuturs divergents
A Nosrévolutions sonttemporaires

A Findu progrés linéaire et cumulatif

A Nostechnologieginfrastructured moyens de
recherchene sontpas durablesnaissont la:
a quoi les employer avant que les effets du
y2dzoSt N3IS of Q! yiuKNRL
completement sentir ?



AwSYy2yOSNI £ y24a @
tout-numeérique au XXle siecle ;

A Se préparer a vivrdans les ruines du
numerigue- que nousproduisons ;

A Penser un avenir cyberpunk, entre
« hightech», «low tech», altertech
(permaculture’7) ruines, etc;

Al QSau RS2t GBKOI
IS already hera it's
just not very evenly distributect
(William Gibson). C¢ QSB&asu
seulementvrai du progresmaisaussi
def QSTF2YRNBYSY

A Seposer la questior quefaire des
moyens actuel® », «quelsmodeles
encourager/décourager




"L (nG&limate change A 0 Q& S @S

changé
(Margaret Atwood

Dernierecitation voléea JoséHalloy!

"Thestarting pointis demandreduction
Turnit off."

(Tony Fry)



