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Soitec — Designer & Manufacturer of Innovative
Semiconductor Material

Employees Worldwide
GLOBAL PRESENCE
)

High-growth Markets
SMARTPHONES, AUTOMOTIVE, CLOUD & INFRASTRUCTURE, IOT

We desllgn and. Unique Technologies Core expertise
deliver innovative SMART CUT, SMART STACKING |  Epitaxy, Compound semiconductors
substrates & solutions

to enable our customers’ Wafer fabs

300-mm — France (Bernin Il) + Singapore*
200-mm — France (Bernin ) + China (via Simgui)
150 mm — France (Bernin IIl)

150 — 200-mm GaN Epitaxial wafers — Belgium (EpiGaN)
CAPABILITY

products shaping
everyday life , , 6

LEADER

1 ‘ Largest manufacturer of engineered substrates
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Substrates in the value chain

Engineered substrates
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rocessed with millions of °
WaferS p transistors PCB
wafer
with multiple raw dice
per wafer
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PROCESSOR &
CONNECTIVITY
SOoC

FD-SOI
For power-efficient
integration of digital/
analog/RF

RF
FRONT-END

MODULE

RF-SOI
For highly efficient
mobile
communication
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POWER

Power-SOI
For high voltage
device integration

PHOTONICS

|

Photonics-SOI
For high perf.
photonics device
integration into
silicon

Silicon-On-Insulator products

IPSoC Grenoble

SOl for 5G

IMAGERS

Imager-SOI
For improved
imager
performance in NIR

A broad portfolio of engineered substrates

PIEZO-ON-
INSULATOR GaN
POI GaN
For high For radio frequency
performance 5G (RF) 5G and power
filters systems

Piezo & compound products
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- Trap Rich
SOI UCL

- Soitec and

Smart Cut™ Soitec IP

SOI with CEA-

LETI

- HR-SOI for

RF with UCL
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- Soitec HR-SOI:
100 thousands
wafers (8" eq)

- 1st
commercial RF
switch on SOI

(Skyworks, - Soitec Trap Rich
RFMD...) ‘RFeSi” Ramp
SOl for 5G

RF-SOI in 100% of Smartphone
A success story based on innovation

2018 & ...

+

- Soitec =
300mm &<6Ghz
- RF switch on  ramp A;“;ng",ﬂ
SOI becomes
industry #ﬁ
mainstream
- 3 Gen

- Soitec RF-SOI :
moving to 1 million
wafers (8" eq)

- FEM global
development
plateform

Soitec HR-SOI
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J2) RF-SOI and FD-SOI: key teck
upcoming 5G
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Move to 5G
To get new services and applications

@
A—a P
Core
network R (‘I’) D

Cellular market ((I))

g Broadband access D ﬁ

New markets opportunities
Device-to-device connectivity
loT

Beyond terresrial markets
Worldwide broadband access

sitec
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5G applications KPlIs
High frequency, High RF power, High data rate,
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Cellular market Automotive market '
Broadband access 5G Cellular 5G Terrestrial Car connectivity & Automotive Radar Gesture
Handset connectivity Infrastructure Connectivity, C-V2X Recognition
600Mhz-6Ghz // 26GHz - 600Mhz-6Ghz /I radar 59GHz / 24GHz/  120GHz-150GHz
100mW-1wW 1W - 100W 100mW-10W myv-1um
1M -10G 10G-100G i
<
’Q’“ L
ERS
__J
Beyond terrestrial markets New markets opportunities
Satellite Com Airplane . PP . . .
Infrastructure connectivity Worldwide broadband access Low Power Device-to-device connectivity
10-20GHz 1GHz / 10- Connectivity loT
10W-100W 20GHz 100MHz-60Ghz
100M-100G 10mW-10W <10mW-100mW
10M-100G 100-1G
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»5G is serving mobile data traffic using two spectrum

»'5G Phase 1’ : < 6Ghz = keeps optimizing 4G techniques : continuous
improvement

»5G Phase 2’ : mmW(> 30GHz) = disruption with opportunities for new
technologies

PEurope has taken significant steps to lead global developments towards this
strategic technology.

PRadio Frequency Silicon-on-Insulator (RFSOI) platforms based on both PD-SOI
and FD-SOI

PBiCMOS and GaN technologies also strongly rooted in Europe

P These technologies deliver solutions for the new 5G spectrum: [<6GHz =
mmWave up to > 100GHZz]

PPD-SOI and FD-SOI are potential standards for future 5G-mmWave
handsets, base stations, Femto Cells for loT, but also enablers in new RF
domains for sensing and communications beyond 5G
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5G technology landscape a key card for Europe

Example : capacity Analysis US Mobile Network
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4G m5G<6GHz m5GmmwW
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5G <6Ghz
#1 SOI market for Smartphones applications

RF-SOl average area(mm?) in a front

end module per cellular generation ga?fiﬁ NSA e ————

Tuners
LNA
CADL & UL
MIMO 4x4

°0 ;L?tﬁh'::o <6Ghz Bands

I:Rers 1,4 M wafers
% CA5x DL

5G vs 4G

FEM BoM

MIMO 4x4

40 LTEA

Switches CAGR 1 50/0
Tuners RF Front End
30 LNA
Mass Tier LTE Advanced
20 1.0 2.6
5G Mass-Tier 5G Global
. 1.9 3.1
2022
0 T : : -
2010 2022 2014 2016 2018 w20 S0Urce : Qorvo, Oct 2019 = High-End = Mid-End - Low-End = RF-SOI other market

Volume handset sales . | ‘ . [
oday per market segment Low End  Mid End High End

PRF-SOI keeps growing at 15% CAGR beyond 2.5 M wafers
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5G <6Ghz
SOl an enabler for new applications

RF Technology landscape

1000 NB-10T/5G-I0T 960.0
900 . MCOB switch performances
= FEM for 10T sRyFs':eEn:OT

800 - requirement

200 | 684,

600 Cost effectivenes PA power efficiency
2
g 499.0
E 500 -
= a1

400

322 450
300 -
238,
200 -
100, System integratio Max output power
100
CY2016 CY2018 Cv2020 Cv2022 CY2024 Cv2026 —Planar Bulk —SiGe === RFSOI<65nm =—GaAs

Source: NB-loT RFFE forecast estimation, Navian 2019 "

2Challenge to aggregate new applications: e.g. NB-loT FEM — 20% CAGR
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5G mmW - Market opportunities and technologies
positioning

Consumption TX Array Technology Fit Per EiRP

A\ S el @ cost \ -
K . I8
Market TAM (*) : >2 millions wafers @ Integration s

300mm (>2 SOI fonderies)

s > | Wide Area BS

Medium

P
g Local AreaBS  Range BS o, |

&
)
<
o
v
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5G mmW base station ((I)) 7 -
> // Reliability

H’ 0/ 16 /S
Mﬁ’ r CPE —_—
> 1
S | | ~
» 4 Consumption ~ S
Market TAM (*) : >100K wafers

300mm
(*) : estimations Soitec (TAM for Total Available Market = 100% market share, 100% market adoption)

NUMEBER OF ANTENNA ELEMENTS

IWPC 5G mmW white paper, 2019

PRF-SOI and FD-SOI well positioned for handset (UE) and low / medium range cells
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5G mmW: technology integration potential
FD-SOIl and RF-SOI assessed by all market leaders

Front-end module Transceiver Conversion Modem

[~ Power | f Up/Down| f ] f 1 |
splitter H oy ADC/DAC |ﬁ DFE HI BB
. | , NN

((I)) ﬂ r-—-=-=-=-c=========z=czdl======== X _4___265_6_ E
X 4 to 2056 X 4 to 2056 X 4 to 2056 to X1

D X4to8 X41t08 X1 X1 X1

Different system architecture : trade off on LG el Sl [l e

performance FDSOI sub 28nm
+ cost
* Area/ weight FDSOI sub 18nm
* Players IP / know-how Bulk ‘limited performance — thermal issues’

[ ]
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5G mmW handset
High volume in 2022-23

mmWave TAM (including RFSOC) - by Applications R F Tec h no I ogy Ia n d sca pe

Receiver Noise Figure * 5G mmW
RFFE handset

I | Cost PA power efficiency
— —_— == . I I I RFFE SoC integratio Max output power

2000

1500

)

KWPY (300mm eq
—
38
S

500
1}
2017 2018 2019 2020 2021 2022 2023 2024 2025
B mmWave Infrastructure = SAT Comm B WiGig B mmWave Sensing N Autoradar
e —Planar Bulk (28/22nm)=—FiNFET (22/14nm) —FD-SOI (28/22nm)
Source: C-V2X (connected automotive perspective), Navian 2019 —GaAs —SiGe —PDSOI < 65nm

GaN

SOl for 5G S‘)iteC
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5G mmW infrastructure
RF-SOI <65nm and FD-SOI well positioned

RF Technology landscape

mmWave TAM (including RFSOC) - by Applications

2000 5G mmW SoC

Receiver Noise Figure requirement
mMIMO

1500

Cost effectiveness
Aging compensation
500 I
) — = = I

System energy Efficiency
2017 2018 2019 2020 2021 2022 2023 2024 2025

)

LO Phase Noise

KWPY (300mm eq
(=
8
o

PA power efficiency

Max output power

B 5G Handset | B mmWave Infrastructure | [ SAT Comm EWiGig  mmmWave Sensing N Autoradar

System integration
Source: C-V2X (connected automotive perspective), Navian 2019

——Planar Bulk (28/22nm)

L ]
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Radar
FD-SOI ideally positioned in the CMOS approach

Radar chip market 2015 - 2025 (SM)

1600 %
14005
12005
s 1000$
&
2
E_ 800
5
5
k| 600 §
400 5
200% I
-8 ! | — —
CAGR
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2015
2025
H CMOS 0% 0s 0% 1% 38 485 154 5% 3175 5325 7305 8525 205,3%
1 siGe 128 % 199 % 2775 373% 4855 5815 6455 6635 643 5 6135 5935  16,6%
W GaAs 268 358  42¢ 428 378 27§ 194 18% 118 8% 5% | -15,3%
® Forecast 2018 165%  230$%  319$% 402% 446% 5095 5695 4
Automotive Radar Market, split per technology (Source Yole 2019)
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RF Technology landscape
*

mmwW
automotive
radar
requirement

Receiver Noise Figure

Cost effectiveness LO Phase Noise

Aging compensation PA power efficiency

System energy Efficiency Max output power

System integration

——Planar Bulk (28/22nm) e==FD-SOI (28/22nm) —SiGe
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Program REFERENCE
ECSEL RIA: 2016-2019_ \/ECSELJU Referen

= s B

- — B Coatech ——
’"’__’__{ l'l'l'lec S niversitd Miinchen /{.\
T o
GOAL -
Develop innovative RF-SOI P o

substrates & technologies
(Including move to 300mm)
enabling realization of
integrated Front End modules,
and system level demonstrators/
for cellular, Aeronautics, pavingf
the way to 5G.

- Qﬂ!ﬁ%ﬁ @ AIRBUS

seitec

siltronic

\'t
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REFERENCE OUTCOMES

SOl technology SOl Foundry System design
= 2y FOWLP TRRsOI 0

packaging
ATEP / Leti

Thin Buried Oxide 4 integration materials
Trap Rich Layer

New Trap rich Materials

High Resistize Base

130nm RF-SOI
(ST)

L 11D3 (dBm)

HD2, L
| '
5 (5 )s

-1401

300mm EPI trap rich layer
over HR bulk (> 15 kQcm) for
RF-SOI

-

Aeronautic high-speed gate link 4.2-4.4 GHz

28 GHz FEM

300mm Specific HR Base for
FDSOI (1t trial)

22-FD-SOI with
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Program OCEAN12 \/ o
ECSEL IA: 2018-2021 CEAN 12

e o EBERHARD KARLS - e 4 m
GOAL D L ruocseon NVESITAT B Zons | -
DRESDEN UNIVERSITY B '

Audi

5 Universitét | a’u;'mcwr' T \m‘rf 2
Z Fraunhofer & ST -
Secure FDSOI Roa . /—/

in Europe N7 e — npmt* P |

= @ AIRBUS

EVOTEL
DEFENCE & SPACE]

Ninicgrad Systems Development
T

esign

Development of a FDSOI .
‘

“\‘.@:‘ BOSCH

based technology Heuse . A5 ) Bosen N THALES
platform offering the g VunCED __ S il atmay -
lowest power

consuming processors
and answering embedded
applications requirements
in automotive and
aeronautics
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OCEAN12 OUTCOMES

2»Demonstrators
>Always on / Awakening system

Snlullens. Opportunltles& I nnovation

'AUdi / CEA'I—et| in Automotive Applications

Or. André Blum, AUDI AG | 2018-04.26 | 501 Silicon Valley Symposium, Santa Clara, GA

) Ultra low voltage operation

2Radar SoC
*Bosch

down to 0.4V by corner trimming/ bias trimming
>70% power reduction possible

)) Performance gain
by corner trimming/ bias trimming

.mare bang for the buck”

)NeUI’a| M PPA (MaSS|Ve Para”el )) Dynamic switching between situation specific optimum operating points
P rocessor Array) High performance ADAS systems: Not always need for 100% performance

- application/ situation adaptive biasing?
*Kalray / Airbus

) New applications and usecases

due to new ultra low power sensors and microcontrollers (acoustic, MEMS, optical/ light,...)

Dr. André Blum, AUDI AG | 2018-04-26 | SOI Silicon Valley Symposium, Santa Clara, CA m
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Ecosystem strengthening continues_7..... ., scvs
New proposal in 2019 |

,w e
1t B rauntoter | UNEC o e | @ ©

GOAL Zions () E2Eas i
Aaccomplish sustainable RFSOI aSYEN
and FDSOI/RF platforms to cover Guicon radar
the frequency range from cadence k3
0.7GHz to 120GHz, and prove il - T
the technical advantage of SOl in st N St — R

Nb-loT, V2X, 5G infrastructure,
Contact-less USB and Radars

(Interior / interior). C Dl 57 N e,
g sitec

siltronic

......................

[ ]
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BEYONDS Challenges

DFurther develop RF-SOI as a 5G sub 6GHz
standard with potential communication up to A
28GHz RF-SOI 65nm REOTHERE IR

C |
DFurther develop FD-SOI towards a 5G mmWave USB (60GH)
standard but also other applications including
sensors and Al based on:
Substrates

2Higher integration potential
2High frequency performance and Cost efficiency

SILICON TECHNOLOGIES DEMONSTRATOR

V2X (5.9GHz)

5G LP Digital 2

.l Beamforming BS (39G ke

ERICSSON

’ Automotive MIMO Radar
(80GHz)

FD-SOI RF
22nm

IBest in class for density, power and speed.

Car interior radar p3
3 (125GHz) &4

ILICON radar

PDemonstrate European technological
sovereignty for 5G infrastructure / loT,
automotive communications and intelligent
RF sensors

L ]
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TAKE AWAYS

2 nnovation in Microelectronics starts at substrate and material level

IRF-SOI and FD-SOI design platform can aggregate Automotive, 10T, Air
and Space fast growing markets

>*Value chain model” in EU Programs is a motorway to:
daccelerate co-innovation and the market adoption
Istrengthen demand in Europe and attract manufacturing capabilities

2Europe has the potential to cover the strategic part supply chain for 5G,
from substrate to key components and sub-systems and demonstrate its
technological independency.

2ECSEL JU is critical to structure this collaborative ecosystem.
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THANK YOU

Financial support

R&D work and First Industrialization Deployment (FID) developments for the
above presented content are supported by the French Government in the frame
of the Important Project of Common European Interest (IPCEI)
for microelectronics and as part of Nano 2022.

IPCEI

REPUBLIQUE FRAN(;AISE on MICROELECTRONICS

The projects OCEAN12 and REFERENCE have received funding from ECSEL Joint
Undertaking (JU) under grant agreement 783127 and 692477 respectively

\/ECSEL JU
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European
Commission
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