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425 D0OM Other
Oscillators

B RF MEMS

Yole Developpement @ March 2012

Microdispensers (microfluidics

m Microfluidics for IVD

$20 D0OM

B Microfluidics for Research
W Other optical MEMS

$15 DOOM M Projection systems

m Micro displays

M PIR & Thermopiles
$10 D0OM B Microbolometers
M Inertial combos
M Digital Compass
W Gyroscopes
#5000V B Accelerometers
B Microphones

B Pressure Sensors

B Inklet Heads
2010 2011 2012 2013 2014 2015 2016 2017




La mlcroelettronlca ne Ia |ram e dei valori
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THE PYRAMID OF WEALTH

Service Provider
* Internet Service Providers

e WW $6 800B / Europe $1 620B

Automotive / Industrial /

Defense Medical / Space
Semiconductors provide the /Sp

knowledge & technologies that
generate some 10% of global GDP

PPP

Equipment Matenals

WW $478 /

WW $398/
Europe $28 Europe $58

Source: DECISION, ESIA, Future Horizons, IMF, WSTS

* Telecom Operators
* Broadcast

2010 World GDP = $73300B
2010 EU GDP = $15040B
(ppp based)

= purchase power parity
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Switch with Gain

Triode, 1906 FET, 1928 Transistor, 1947
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Fra i prossimi temi: S\martG\r"d, $mart JAome, Smart City

Home and Building
Automation
Power
Factory Plant “ ;
automation : :
Home Controller & 2k
T[ [ / 3 “ Muiimedia Gateway
‘ a, .
AL ,ﬂ \ R // Vehicle to Grid . /
~V { 7 ‘ - 3 ‘ :

p —
\ E Smart Appliances & -~
N < Renewable load management

Smart Energy Smart Meter
Street Lighting




Healthcare Market segment -

Typical Application

Medical imaging

- Ultrasound

= Magnetic resonance imaging (MRI)

= Positron emission tomography (PET)
= Endoscopes

Clinical, diagnostic and therapy

. Patient monitoring
' Respirators

. Infusion pumps
'+ AED
- ECG
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F-ra | prossimi temi
Gestione traffico/Parcheggi
Autodiagnosie Teleassistenza

| Controllo remoto
' TV, VCR, DVD/CD

ENVIRONMENTAL
MONITORING

Gestione magazzino Sicurezza
Controllo processi Controllo consumi
Gestione & energetici

Controllo ambientale Gestione elettrodomestici

Source: Sensor ID
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Le Tecnomgi_g rigritarie/”

& Tecnologia Prioritaria 1

@ Integrazione di sistemi elettronici su silicio
& Tecnologia Prioritaria 2

@ Tecnologie per applicazioni fotovoltaiche
@ Tecnologia Prioritaria 3

@ Tecnologie per materiali alternativi al silicio
& Tecnologia Prioritaria 4

@ Tecnologie di Integrazione eterogenea
@ Tecnologia Prioritaria 5

@ Tecnologie per sensori
& Tecnologia Prioritaria 6
@ Silicon Photonics
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-Aumento di capacita e riduzione costi sono stati ottenuti
sinora riducendo le dimensioni delle celle di memoria.

-Limiti fisici e tecnologici rendono difficile continuare su
questa strada. Radicali innovazioni sono necessarie.

‘Unica alternativa in produzione: la memoria a
cambiamento di fase, sviluppata in Italia.

Acron

WoLND uo)

Micron claims first high-\n‘l:ﬂ g production of 45-nm PCM
Dylan MeGrath

TMT20M2 2:27 PM EDT



TP1: Piattaforme, hultifunzigrali BCD
S

BCD - Bipolare (analogica) + CMOS (logica)+ DMQOS (potenza)
Nodo litografico: oggi 110 nm = domani 90 nm
Tensione di alimentazione: fino a 800V = domani 1200 V

Analog circuits (Bipotar)  Digital logic circuits (CMOS)  Power circuits (DMOS)
| |

Source: Bosch
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TP1: Piattaformamultifunziohale /CMOS con NVM

Nodo litografico: oggi 65 nm = domani 45 nm
Tensione di alimentazione: 3,3/5/30 V

Today's Typical Two-chip Solution

1 During
| boot-up
Lond
firmware
o

cmbedded
SRAM

| External

| FLASH for
stanng

. Bandtund
firmwore Processor

On-Chip Embedded NVM Solution

Embedded NV memoary to store firmware
Eliminatles the need for extemnal FLASH Conditional Access
Smaller die size

Less SRAM noeded /\-/

Instant boot-up Video tPOD

Highly secure embedded firmware Satellite, Cable, | e y— -
Smaller form factor with a single chip Terresteial Broadcas \/-——‘\
HD Tivo ” .
e ———_ ~
; == . — el Digital LCD Monitor
Source: Kilopass Technology E o

BluRay Player
s DICP " DICP

» N >

HOCP




ERICSSON

TP1: Soluzioni CMOS ag alteyfficienza

Connessione uomo-macchina
Connessione macchina-macchina

Virtual presence
Virtual education
Virtual healthcare

esplosione della richiesta di connettivita =»necessita di capacita di banda delle reti
=*>basso consumo, velocita, integrazione...

% s ~
A~ Patients Healthcare
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g a — nmunicH Q a ga Hospitals
&, Hospitals : f Hospital
S 5 Hospital $ E “0 Labs
“ Labs @ Q &
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Physician
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Source: EHM
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TP2: Applicazioni\fotpvoltaj e

Sistemi a concentrazione solare su selezione
spettrale

Giunzione ottimizzata per le tre bande spettrali: efficienza 9 >35%
Prossimo traguardo: = >50%

Luce solare
Cella a tripla giunzione:
Contact
; Top Cell AR* AR* \
1.0 » )
® Tunnel Junction
3 SINGLE JUNCTION MULT] JUNCTION IN SERIES
™o [ Middle Cell: GaAs
s
2 [ Tunnel Junction | |
g
I~
02 04 06 08 10 12 14 16 18 -
WAVELENGTH ‘
M *A/RA“R“ u C u i I “‘i“Ai-
(visible range) -AnRetectve Loaing MULT! JUNGTION IN PARALLEL WITH BEAM SPLITTING

Rosso: Ge; Verde: GaAs; Blu:InGaP
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TP3: Materiali alternativi al/sjﬂﬁ"cio

Tecnologie per SiC e GaN

Alto gap, tenuta in tensione, conducibilita, stabilita termica, capacita in

frequenza (microonde, radar...)

SiC & GaN - Main Application Map

Pw ¢

A - .
=D & D

350
kw

HEV / EV
PHOTOVOLTAIC

100

50
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30
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1kW -

NETCOM, SERVER,
NOTEBOOK

kw i ‘ : INDUSTRIAL DRIVES

72

RAIL TRACTIONS

SMART POWER
GRID

WIND MILLS

o=

Rated Voltage

175.




TP4: Integ\razio_\r‘\

5\,_.

Hall with Integrated Magnetic - m "Draid

Concentrator (HIMC)/up to 30A Ig __Lf
T & —mEmr=—=="__)
: . - ] 8 ——————TT

p-PUMP COMPONENTS

NEM: Nano Electro-Mech. Switch
Source: Sematech

Source: ST

3D Stack, combining logic,
memory and optical functions
Source: IBM




TP4: In*teg‘raziqr\i\ eterogenea

Co-packaging componentistica

Advanced Packaging for High
Power Devices (composite
materials, heat-pipes, active
cooling systems, ...)

3D Packaging (new materials and integration
processes, microwave design, photonics)

Aluminum Heat Sink

R

D Packaging

\f

7" SelexES

.



~IP5: Sensori

Sensori: interfacciano I'ambiente

« Sensori di movimento (MEMS inerziali) e posizione: ACC, GYR. MAG, PS
- Sensori ambientali: pressione, umidita, temperatura

« Microfoni microlavorati

« Microattuatori: ppompe, umirrors (picoproiettori integrati)

« Sensori ottici: usi militari (esplosivi), sorveglianza, 3D-imaging

« Sensori bio: analisi DNA, proteiche, virali...

203.




IPS: Sen

MEMS are everywhere! <71

« Consumer: cells, tablets, pc, giochi...

 Fitness: pedometro, performance monitoring...

« Home: shock detection (elettrodomestici, allarmi...)

- Auto: airbag, stabilita, antifurto, tracking (blackbox)....

« Medical: monitoraggio remoto, riabilitazione, diagnostica....
« Industrial: robotica, sismica, edilizia...

21




Sensors for Vital Sign Detection 1S7;

'+ High End Analog - ElectroCardioGram
)f_ e 9 Accelerometer/Gyros

AA'/\\J body activity
N

Strain Gauge + RF Bio-chip Temperature sensor
Intraocular pressure lactic acid Body - temp

[S7%

HMx01D

—t

Pressure sensor Microphone or Pressure sensor
blood pressure Heart beat
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TP5: Sensori

3-axis magnetometer - y = iINEMO
S - Node

Sensor fusion
\ algorithm

3-axis accelerometer

_

3-axis gyroscope

iNEMO
Node

INEMO®

Movement
Recognition

V- INEMO Enginess
- , sensor fusion suite

Augmented reality Monitor

_ Multi-axis
@ Sensors
Enhanced pointing - ~‘ ' po

] 1 |
(e & =
b £
Pedestrian navigation - Motion tracking




SENSING TECHNOLOGIES

Contexts

Civil

Homsland protection

[ - - { o~ -~ - .
SUTVENs 2 (Customs, 51pon
Structural monidoring




LP5: Sensorl

SENSING TECHNOLOGIES

Techneclogies

»
" .;_ ticalbasedsensors e oo
* |R spectroscopy

®* Fiber optics

* Integrated optics
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Integrazione di componenti

ottici e fotonici con piattaforme
CMOS su substrati SOI per superare
il limite fisico della trasmissione
elettrica su distanze >50 cm con
rate >20 Gbs.

Enterprise
Distances:
1- 10km

Rack to Rack
Distances:
1- 100m

Board to Boardv

Distances:
50-100cm
Chip to Chip
Distances:
1-30cm
Intra-Chip
Distances:
0.5-1 Oqun

Source : Intel

ELECTRICAL

2015

Communications based on Copper are approaching their intrinsic limits
Hybrid 2D-3D Photonics cannot meet the long term spec requirements
Silicon Photonics can fill the

26



Buried-Oxide SiO,

B
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- Silicon On Insulator (SOI) wafers for light confinement
» Photonic devices realized in the Silicon Epitaxial layer

Microring resonators LiNbO; Photonic Crystals

Source: Selex ES
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