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What is 5G about?

5G will drive semiconductor content growth
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5G technology in numbers
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5G world T beyond smartphones

/ 5G for automotive \ / 5G for loT \ / 5G for manufacturing \

Key services Key services Key services

s Autonomous driving 56M’:) s Smart everything: home, city, offices, energy s Higher automation

s Infotainment s Security s Higher productivity

s Telematics s Healthcare s Higher quality, high
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5G 1 acombination of networks

have Sub-6 + mmWave

Combining coverage, capacity, I|I|I ﬁ"\‘ |||||
and performance benefits - ﬁ'] & 2
’ ik [@ IE

Leading 5G networks will
oy 9G g

Source: Qualcomm Analyst Day, C. Amon, Nov. 2019
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5G 1 alarger frequency spectrum to manage more data faster

U5G new spectrum is 12x larger than overall LTE

UWwill enable network providers to deliver increasing data rate for the next 10 years

max Bandwitch

TB/Mo Example: capacity analysis US mobile network per band (MHz) 5G and LTE spectrum
20 3500 b~ 4d
anas
1 3000
16
14 2500
12 2000
10
8 1500 ~4
6 bands
1000
; > 10 > 10 ~10
? 500 | pands bands bands
0 0 N
2019 2020 2021 2022 2023 2024 2025 2026 2027 LB MB HB UHB mmw

EEEC B SG < 6GHz EEEESG mm\W esssData demand (0.6-1 GHz)(1.4-1.6 GHzJ1.7-2.7 GHz)(3.3-5.9GHz)(28 - 39 Ghz)

BAGm5G < 6Ghz® 5G mmW

Source: Mobile Experts, Soitec estimates, 2019
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5G massive deployment is starting in 2020

U50% of smartphones sales in 2023 1110 5G Operators (Ookla daily update)
Uaround 200Mu in 2020 Uaround 200k 5G base stations in 2020
U >55% of worldwide coverage in 2025
Smartphone by category (Mu) Base station and small cells 4G&5G (Mu)
1800 3.00
1600 2o
1400 ' —_— .
o — = m B
1000 150
800
600 1.00
400 0.50
200
0 0.00
CY2019 CY2020 CY2021 CY2022 CY2023 CY2024 CY2025 2019 2020 2021 2022 2023 2024 2025
®5G mmW ®5G sub 6GHz/mmW m5G sub 6GHzm 4G ® 3G W4G/SG Base Station® 4G/5G Base Station
Massive MIMO
5G small cells < 6GIi®5G small cells mmw
Source: Navian October 2019, Soitec estimates beyond 2023 Source: Yole, November 2019
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Source: Qualcomm Analyst Day, J. THOMPSON, Nov. 2019
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5G roadmap will drive technology and applications for the next decade

5G roadmap extends

Continued innovation for new verticals,

for 10+ years e man ae cose, e soecrar
Driving innovation to enhance :

smartphones and transform 2GPP

other industries Rel. 17+

* Soitec Proprietary Copyright @ 2020 Soitec S .} i tec



Mar. 2020

Outline

What is 5G about?

5G will drive semiconductor content growth

Soitecés engineered substrates to enabl e

.
e O e Soitec's engineered substrates for 5G * Soitec Proprietary Copyright @ 2020 Soitec S .} I t e C

N



Front End Module (FEM) blocks T built on Soitec substrates

USwitch .
Antenna switch . U Antenna tuner
Antennas

Power mode switch, é

Front-end
. . . module:
U Swapp|ng SW|tCh Power amplifier,
switches, antenna tuner,

U Filters per

Transceivers

Other:

ULow noise amplifier (LNA) 4 oo, | Basebns
dlsplay, rocessor
Duplexer(s) audio
Apps

Bandpass filter

processor

USupply modulator Antennaplexer

ET: enveloppe tracker type of S

Memory

} . » (i Phase shifter(s)
UPower amplifier (PA)
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5G sub-6GHz i High end* smartphones:
20% more RF FEM content vs 4G

Antennas

Front-end

module:
Power amplifier,
switches, antenna

tuner, filters
| ISG ific modul .
MIMO Antenna 4 specie modte S Primary Antenna
e - Other:
Fene < Sensorls Baseband
SG display processor
[ = > || [ e -_ =
Mid /High M Apps
. l’ Band o H processor
: D
E Tx/ Rx 5G4G
= M Miré/Hié;h =
an
. <
T
Tx/ Rx R
Ultra High A
. - s u
s T .
| [ - 5$500
L
Bl s | scuc 30% of smartphones
\%
id /High
“eana | R
‘ EE
‘[ =
G | uta p—xqigh
Low z
- Band
Secondary Antenna MIMO Antenna 3
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5G sub-6GHz i Mid end* smartphones:
90% more RF FEM content vs 4G Front.end

module:

Power amplifier,
switches, antenna
tuner. filters

Transceivers

Primary Antenna Other:
Sensors Baseband
" processor

display,

MIMO Antenna 4 D5G specific module

ET
Tx/Rx 4
Ultra High
Rx 5G
Ultra High

Mid /High
. l l -
] !

Apps
processor

M
(o]
D Memory
E | e |5CILTE .
M Tk
e |
T »
ET R
j TX/Rx A
. Ultra High N :
Band
> S Tx/ Rx
*-
C Low . . $100 - $500
Band
E
- , SG/LTE 50% of smartphones
\%
= B | |
X. X
Mid /High R
SG/LTE Band
= Rx ==
6 | Utra High
G Mid/High
e H Band
Low z
Band
Secondary Antenna MIMO Antenna 3
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5G sub-6GHz

Average +60% RF-SOI content

RF-SOI (mm?2)
g ena sc.
b o 2010, I
sub 6GHz (2019)
vl
sub 6GHz

Major content (*) growth for RF-SOI and filters

Average +50% filter content

Filter material (mm?)

Highend 5c I
g, I
sub 6GHz (2019)
Mdendse
sub 6GHz
Mid End 4G (2019) NG

0 10 20 30 40 50

W SAW mBAW 5G
B SAW B BAW 4G

Assumption: new SAW filter generations to take market share over BAW

(*) Mm2 are serviceable accessible market

mid End 4G (2019) |
0 10 20 30 40 50 60
Source: System Plus 2019, Soitec estimates
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5G mmW module brings additional content to sub-6GHz module

3

U5G mmW requires 3 or 4 modules
U Modules are required so that mmW signal is not blocked by hand nor objects I_ m
U Modules are put on the phone edge F;‘foné'elgd
[ ule:
W Power amplifier,
(J switches, antenna
tuner, filters
U28Ghz and/or 39GHz bands —
U Starts with one band and will move to two bands P (ol
display,
auaio Apps
Power processor
28Ghz i 39 GHz ] 28Ghz i 39 GHz mngt

Memory
vyvvyv RF & IF RF & IF \AAAA
A 4 4 A 4 > RXTx Mixer RX Tx Mixer 4 A A A A4

28Ghz 1 39 GHz 28Ghz i 39 GHz
\AAA 4 « RF & IF RF & IF » Yvvyv
““ - > RXTx Mixer RXTx Mixer 4 — "“
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5G mmW smartphone
Doubling SOI (*) content vs 5G sub-6GHz smartphone

5G mmW handset modules i in average: 60 mm?2 of RF-SOI or FD-SOI

RF-SOI or FD-SOI (mm?) )

8 antennas per module

PA, LNA, SW,
PLL, Digital
control

a{‘ﬁn ~ ANT108
.{‘}“l, < ANTIE

High End 4G
sub-6GHz (2019)

ranseners: Hignendsc [

2 transceivers 0 10 20 30 40 50 60
per module, 10mm?2 each
Source: Soitec estimates

Source: Qualcomm IMS 2018, Microwave Journal Dec 2018
(*): Mm2 are serviceable accessible market
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Soitec technologies in 3G, 4G, 5G products
From alternative solution for RF switch to standard RF FEM
rfmd ™»

- —
PEDE

I 136 v

» B¢

4 ) $0¢»

SOl Antenna Switch iPhone 4S iPhone 5 Galaxy S5 iPhone 8 Mate Pro 30 Galaxy S20 Mate 20 X
(Wi-Fi first introduction)

2G 3G LTE LTE-A LTE-A-Pro 5G sub-6GHz 5G (sub-6GHz + mmWw) >
RF-SOI 1 2 7 20 40 50 65 mm?
FD-SOI (*) 2 65 mme
POI 2 = >25 >25 LILifE
Source: System Plus, Soitec estimates > next generations  (*) either FD-SOI or RF-SOI Mm? are serviceable accessible market
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Assumptions:

Premium smartphones

All numbers in mm?2

SOI: RF-SOI and FD-SOI

RF FEM and mmW module only
Soitec estimates

3G LTE-A-Pro 5G sub-6GHz 5G sub-6GHz & mmW

Mm?2 are serviceable accessible market

.
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((E!)

!:? U One antenna per panel

~

U4G/5G base station
i il Passive antenna system

%

5G sub-6GHz base station architecture: major change

Example : AA AL
x64 antenna panel A

A A AA

B3

______

((E}) !
((QJ) ______

P >

K ((E!)

\

U5G massive MIMO

U Active antenna
system

U Cell coverage
improved

U More user served

simultaneously /

N

~
/64 UPower per PA
4 <04 K 64 UFEM (uni
units
L <= X (units) )
4 Key challenges require from semiconductor suppliers )
U PA performance stretching above 3.6GHz ULow cost FEM solution
U High power added efficiency (I Low-power solution
o J
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5G sub-6GHz base station: new opportunities for Soitec

X\

______________

1 transceiver

_____

; U 5G base station*

\ 4G/5G base station content (mm?2)
70

60

50

U GaN technology taking 0
market share over LDMOS
(laterally-diffused metal-
oxide semiconductor) 20

10

30

*Based on 4G architectury

GaN RF-SOI FD-SOI

@4 transceivers

x64 FEM

U Massive MIMO 5G

4G/5G base station massive (MIMO)
content (mm?2)

\

U Lower power levels allows
RF-SOI based switches and
LNA integration

U GaN technology taking
market share over LDMOS

U Low power transceiver with

FD-SOI

6000

5000
4000
3000

. — . I

2000
1000
GaN RF-SOI FD-SOI

Remark: handset unit is 1,000 larger than base station

Mar. 2020

e 19

Soitec's engineered substrates for 5G

Soitec Proprietary Copyright @ 2020 Soitec

siitec



5G mmW small cells: new end-to-end architecture

U5G mmW small cells UMultiple type of small cells per market segment
U Ultra high bandwidth

U Ultra high throughput

i Increased semiconductor content (until 1024 RF UGaN and SOl cover all cases (ex: wide area small cells)
chains)

UWide, medium, local area coverage

U x64 antennas with high power GaN PA
U 28-39GHz bands U x512 antennas with SOI integrated FEM

¢
7" <

Source: Analog Devices, 2019
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