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Substrate Engineering: Built-in Functionality
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Smart Cut™ Technology

1_Initial silicon B g -

2_Oxidation
3_Implantation

4_Cleaning and bonding

5_Splitting

6_Finishing
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7_Donor wafer becomes new wafer A _ SOl wafer
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3 core technologies available and material expertise
to manufacture engineered substrates
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Smart Cut Flexibility

Thickness Capabilities “
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Soitec in the Value Chain

Engineered substrates
(enmitar )
siitec
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Our engineered substrates are at the heart of everyday life

Data Centers
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Soitec — A Leading Engineered Substrates Supplier
addressing Large Consumer related Markets

In Production

processor & @
rUEEssel Photonics MECEE
connectivity SoC

RF Front-end e
Module

Power-SOI RF-SOI FD-SOI Photonics-SOl Imager-SOl
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Enhanced Signal Integrity SOI - RFeSI™

) Trap Rich layer freezes the highly conductive layer at BOX — Handle interface
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RFeSI™ addresses all FEM challenges

Mono-crystal Top Silicon Mono—crystal TOp
Silicon
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Soitec RF-SOIl wafers : HRSOI & RFeSI™

HRSOI

Mono-crystal Top Silicon
Buried Insulating
Layer SiO2 (BOX)

High Resistivity Sl
Base

RFeSI
Enhanced Signal Integrity

RFeSI relies on a unique Trap Rich
layer that will limit high frequency

signal propagation in the substrate
boosting device RF performance

Mono-crystal Top Material

Buried Oxide
Trap rich layer

High resistivity Silicon

Manufacturing in 200mm and 300mm
CQ.,, Bernin 1 8) Bernin 2 & Simgui & Singapore

Value proposition
PERFORMANCE
» Higher Linearity
» Lower RF losses
» Lower crosstalk

» High quality passives

COST $

> Lower than GaAs and MEMS $$
» Integration with switch, amplifiers and passives

» Available in 200/300mm

AREA **
» Lower die size #
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4G and 5G sub <6GHz Front End I\/Iod le
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RF-SOI Innovation: From R&D to Tech Dev to Mfg

2005 2009 2011 2012

2015 2017
= T=s = tsmc % Peregrine
O ===7= SKYWORKS' _0"’ . . Semiconductor o .
i TON=Rfal >50% @ 100%
SONY of smartphones
4 . . . m based on =2
TR-SOI UCL & 1st RE-SOI Soitec RFeSi RF-SOI switch RF-SOI 300mm RF-50I technology
Soitec IP switch substrate ramp mainstream ramp

Contribution of many organizations and companies
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Strong SOl ecosystem driving innovation for 4G/5G

Addressing current needs > 10 foundries
— and new challenges in HYM mode
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SOI mixed signal platforms for 4G & 5G

Mixed signal design & integration options

No junction
capacitance

Lower Power

Back Bias U

Itra low
VDD

Higher Frequency

Short
Channels

Low Device
Parasitics

Forward Body
Bias

Low

transmission

loss

Signal Integrity

Low

High isolation T T

¥
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¥
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4 R
. FD-SQI RF-SOI / RFeSI
e  Wide range of digital app. PD-SOI/ HR e  3/4G Front End Module
° Ultra Low Power loT ° 5G Front End Module o Antenna Switch
° Transceivers o Antenna Tuner
° Low Power analog o Low Noise Amplifier
° 5G Front End Module o Power Amplifier
e  5G transceivers \. S
[ ]

Radar mmWave (77Ghz)
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RF-SOI Innovation: From R&D to Tech Dev to Mfg

18

2018 Internatic.mal RF-SOI Workshop
September 19, 2018

Pudong Shangri-La Hotel

European Inn

S

=
Workshop Agenda

08:00 - 09:00 Registration

09:00 - 09:08
09:08 - 09:15

09:15 - 09:40

09:40 - 10:05

10:05 - 10:30

10:30 - 11:00

Session 1: Opening Remarks

Xi Wang, Director General of Shanghai Institute of Microsystem and Information Technology
Carlos Mazure, Chairman and Executive Director, SOI Industry Consortium

Session 2: Keynote Speech

Join Hands with Industry Partners - Hop on the 5§G Shuttle Together

Danni Song, Project Manager, China Mobile

Riding the 5G Silicon Wave: How Advances in 5G Radio Architectures Benefit from RF-SOI
Michael Reiha, Head of RFIC R&D, Nokia Mobile Networks

RFSOI Enabling the RF Wireless Front End: History, Future and Challenges

Julio Costa, Director of Technology Development, Qorvo

Break sponsored by S .= i t e C



SOl Industry Consortium 1.0:
Accelerator of ecosystem development

YEcosystem focused workshops around the world
»Oct 2009, @ IMEC, Leuven, Belgium
} Sept 2010, @ Univ of Tokyo, Japan
}»Dec 2010, San Francisco, US
} April 2011, Hsinchu, Taiwan
}YFeb 2012, San Francisco, US
}Dec 2012, San Francisco, US

Y Topics: technology, modeling and fabless requirements

YContributors: academia, R&D (Institutes, Industry), EDA, Fabless
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SOl Industry Consortium 2.0:
Ecosystem growth and promote adoption

YIndustry events for the industry by the industry around the world
) Sept 2014, Shanghai
}Jan 2015, Tokyo; Feb 2015, Si Valley; April 2015, Hsinchu, Taiwan; Sept 2015, Shanghai
}Jan 2016, Tokyo; April 2016, Si Valley; Sept 2016, Shanghai
Y April 2017, Si Valley; Jun 2017, Tokyo; Sept 2017, Shanghai
) Mar 2018 Brussels; April 2017, Si Valley; Jun 2018, Tokyo; Sept 2018, Shanghai

Y Topics: foundry platform, design ecosystem and first products

YContributors: Institutes, Industry, Fabless, Market Analysts, Investment Funds
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ELEMENlﬂEcosystem Partnership: 5G connectivity

Main challenges and DRIVERS

-Increased linearity and higher number of communication bands
and bandwidth

-Robust and highly integrated RF FEM with no performance
degradation at high temp

Driving demand:

-Reliable cyber-physical communication systems (V2X) for
Smart Autonomous Vehicles (Automotive, Aeronautics)
-Low-latency, available, low-power Infrastructure
(communication modules & equipments)

-New business models with mobile connectivity for utility
providers (Energy, Smart Metering)

21 European Innovation Day
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SOl for Sensors — MEMS - NEMS

MEMS SENSORS FOR MTM

Inertial sensor

Pressure sensor

Acoustic sensor

Magnetic sensor

3-axis Accelerometer Geophone

. TRONIC'S.

Capacitive pressure sensor Piezoresistive pressure sensor 3-axis force sensor

THALES _

Operation at high freq. (100Mhz)
« Limitation of parasitics
* Improvement of SNR

Above-IC GMR sensor TMR sensor and resonator 3-axis Compass 7 | 20

Source: Presented at Tokyo SOl Workshop, June 2016
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SOl for Sensors & Actuators: Layer transfer on cavities

“Thick” “Ultra-Thin”
5-10um

25-100-500 pm

OKMETIC
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cMUTs & pMUTs

(Micromachined Ultrasonic Transducers)

/ Capacitive MUTs \

cMUTs

Suspended Membranes
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MUT:. Resonance Frequency control (very simplified model*)

Frequency (MHz)
. _ _ (*) Not including :
100 D == Silicon thickness = 10 pm t ffect
. s —#— Silicon thickness = 4 pum - Stress erlects,

i Silicon thickness = 1,5 pum - damplng,. Ioa}dlng,
=== Silicon thickness = 0.8 pm -DC polarlzatlon
e Silicon thickness = 0.4 pm - electrode stack
Silicon thickness = 0.15 pum -etc...
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SI membranes on cavities : Top Si- Mambrans

— -
e — e -
Handle substrate

- 20x20 pm? and 40x40 um?2 cavity arrays ‘
- ~1 um Si membrane

Wafer diameter : 200mm

=> Very dense arrays
become possible !

Collaboration

50097 m

- = o |
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Top Si- Membrane

0.8um thin membranes on 40 x 40um? arrays | Sy

Handle substrate
with cavities

Sacrificial SiO2
to adjust Si thickness

(thermal oxide) 0.8um mono Si Gap SiO2/Si3N4
membrane (vacuum bonding) stack

Collaboration

mag 3 curr tilt 10 pym
KV | 6000x | S50pA | 52° CEA-LETI-MINATEC
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~ 4 um epi thickened membranes on 20 x 20um?2 arrays

i

Front-end CMOS ——— .
compatible \

engineered substrate ...on 1.5um thick membranes ...

... On cavity

MembraneThickness flexibility
= Tuning downwards by etching, sacrificial oxidation,...
= Tuning upwards by epitaxy (before or after transfer on cavity)

Collaboration

[ ]
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cMUT electrical characterization
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Collaboration
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More than Moore: Ecosystem growth
2018 Japan SOl Workshop Tokyo, 2018.10.26
Takeda Hall, Tokyo University

Session: Keynotes Chair: Carlos Mazure, SOI Industry Consortium

9:40- 10:10 Distributed Al and computing at edge and nodes for sensors, Giorgio Cesana, Sr. Director,
STMicroelectronics

10:10 — 10:40 RF- & FD-SOI: addressing substrate supply to support accelerated growth, Jean-Marc LeMeull,
Director, Soitec

10:40 - 11:10 FD-SOI for ultra low power edge computing, Jon Cheek, Director, NXP

Session: MEMS & Sensors Chair: Jon Cheek, NXP

11:40 - 12:05 A Time-of-Flight Range Image Sensor with High Near Infrared Quantum Efficiency Using SOI-
Based Fully-Depleted-Substrate Detectors; Prof. Shiji Kawahito, Shizuoka University

12:05 - 12:25 An Overview of SOI based MEMS; Jean-Philippe Polizzi, MEMS Business Development
Manager, Leti-CEA

12:25 - 12:50 Smart Cut technology applied to MEMS: illustration in the field of ultrasonic transducers; Bruno
Ghyselen, Sr. Expert, Soitec

12:50 - 13:50 Lunch
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Takeaway: Substrate-Device-Application Co-Optimization

Sensing, 5G, Cloud
p ® g

1
1
1

|

1

I Virtual wafers 8" or 12" for small diameter
materials: InP, GaN, GaAs, LiTa03, LiNbO3,...
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Disclaimer

© Exclusive property of Soitec. This document contains confidential information.
Disclosure, redisclosure, dissemination, redissemination, reproduction or use is limited to
authorized persons only. Disclosure to third parties requires a Non Disclosure Agreement.

Use or reuse, in whole or in part, by any means and in any form, for any purpose other
than which is expressly set forth in this document is forbidden.
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