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Main building block: the transistor
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Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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First Transistor Bardeen, Schockley, Brattain (1947)
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Into the small
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——r— 100 nm

Nanoscale

e 10 nm
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A long histo
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A lot of applications
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Power Density Issue

e

CPU Architecture Today

Heat becoming un unmanageable problem
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Figure 1. In CPU architecture today, heat is becoming an unmanageable problem.

(Courtesy of Pat Gelsinger, Intel Developer Forum, Spring 2004)
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Q: How to keep on pro
performances?
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The wonder material

Largemobility (>10° cm?/Vsec)

N

A Transparent (>90% transparency for a
singlemonolayer)

A Largether

FLEXIBLE AMOLED
Super Slim & Flexible

N

A Mechanic:

Transparent
Substrate
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:, #Joe Klein: What the US should do Oscars;
# _ On the Street: Hope meets anxiety Portraitsof
Muslim Brotherhood: What it wants | star power

IT'S CALLED

\ [  GRAPHENE. ‘
| STRONGER THAN | et
J\ “MOST STEELS. /| {
"\ TRANSPARENT. /

Redefining what it means to be a
in the 21st century
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A Formula:

MX,

M: Transistion metal
ANRdzLd LY C¢AZ %NE | T2
dANR dzLJ Y £% boOoX2Z ¢l 2 X
group VI: Mo, W,

X: chalgogenide: S, Se, Te

Energy gap 2 eV

Figure credits:
Wang et al. Nat Nano vol 7, 699, 2012
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Layered Materials
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Liquid Phase Exfoliation
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Liquid Phase Exfoliation
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motivations

A The Development of  printing
techniqueshaspavedthe way towards
mass production of books, leadingto
the democratizationof knowledge

N

A Desktop printing (early ‘\80) as a corner stone in 5
the hystory of printing (just-in-time, wide-spread, / -
l.e., officesnot typographies)

N

A However,so far, this technologyhas mainly been & e
limited to the printing of documents (books, »
magazinesgetc.), but, what about if, in the ICT €@k
era, we managedto extend printing technologies ! /o
alsoto fabricate electroniccircuits?
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the vision

N

A to cheaper,fully customizable,
distributed desktopfabrication

N

A from expensive, huge, specialized
semiconductoifabs
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the vision

*

Rigid, produced in series, not customizable
(designed by somebody else than the user) A Tomorrow

- ¢

frgm BattlestarGalacticaspin-off Capn‘:l

Flexible, foldable, fully customized, designed a
fabricated by the user (and cheaper)
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motivation

two-dimensional material inks

Why 2DMs? current inks with limited mechanical

(poor bendabillity, - < 3%, electricalproperties(’
<10 cn¥/Vs) andstability.

2DMscanbethed 3 ORI y:3S
extraordinarymechanical- < 10%),
electricalproperties(* >10 crm?/Vs).
plethora of materials (i.e,

semiconducting, conducting and
Insulating)

Heterostructures

g‘ﬁ%

b

Why now? Recentlydemonstration[Al. et G. Fiori,
C. CasiraghiNature Nana, 2017 of water-based
bio-compatible 2DMs Inks, enabling
heterostructurefabrication

paper as flexible substrate &
University of Pisa
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the visionbeyondstate-of-the-art

e ey

novel FETheterostructures

high-k dielectric

ROMmemory

drain

capacitor

hBN

vertical semiconducting
channel

I

graphene

%\344

il -

Vel MANCHESTER

CMOSoperational amplifier

1824
The University of Manchester
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First demo of Full-2D-based Ink-Jet ROM

Joint collaboration
with University of
Manchester

(C. Casiraghi)

and University of Pisa

[D. McManus et al. Nat. Nanotechnology, 2017]



