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The baseline: FDSOIl substrate HVM 5

UTBB FD-SOI

Benefits of FD-SOI and unique back-bias
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The baseline: FDSOI substrate HVM

Knobs to control Perf/Power:

Active device layer management - FDSOI 3 Gatebias

U BackBias
Performance already embedded in the substrate

SUBSTRATE IMPACT ON SYSTEM
CHARACTERISTICS DEVICE BENEFITS

Drain

Ultra-Thin Buried Oxide

= Thickness uniformity

. - Electrostatics
= Micro-roughness

= Variability
= Mobility LOW POWER
= Yield

Body Biasing

= Macro-roughness

= Electrical properties

= Defectivity

= Metal contamination EASY DIGITAL / ANALOG
RF INTEGRATION

Ultra Thin top Silicon layer

ULTRA-LOW LEAKAGE

= Thickness uniformity = Electrostatics

* Parasitic charges = Back gate control

* Integrity - Variability COST EFFECTIVE
- (Breakdown voltage) - Reliability (SIMPLER

PROCESSING)

ROBUST ENERGY

HARVESTING ZERO
POWER’ CAPABILITIES

= Geometry
* Bulk micro defects

* Yield + variability

* Metal contamination




Smartcut™ process tailored for FDSOI

High-quality top wafer for
thin SOI film compatibility

- 1. Intie sileon s @ -’ = Adapted to thin BOx

|

Y 2. Oxidation [
A Jb ﬁ 3. Implantation : Adapted to thin SOI film

|

f 4. Cleaning and bonding
/ ~~_Adapted to thin BOx

5. Splitting

6. Finishing
Adapted to thin SOI film

7. Donor wafer becomes new wafer A | 30l Wafer
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The baseline: FDSOIl substrate HVM

FDSOIl enabler

Thickness control at atomic level in HVM

Grenoble- Paris

Millions wafers
controlled at
atomic level, all
points, all wafers

266um x 266um

thickness scan I 10’5:
| +/-5R)
§_ 1
) \
| - B
d 01 2 34567 8910

Die level thickness range (A

Mature process
andyield in HVM

Top silicon

Full wafer thickness deviations
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The baseline: FDSOI substrate HVM

Atomic level control in HVYM mode

FD GENT1 - Tsi range distribution

p
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Quantiles
100.0% maximum
99.5%

97.5%

90.0%

75.0% quartile
50.0% median
25.0% quartile
10.0%

2.5%

0.5%

0.0% minimum

Summary statistics

10.833 Mean

97 Std Dev
8.647199 Std Err Mean
75764 Upper 95% Mean
6.678 Lower 95% Mean
576 N

497

439

3.8409

3.3941882

2.875

5.8924187

1.2479579

0.0052814

5.9027703

5.8820672

55835
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The baseline: FDSOIl substrate HVM

Atomic level control in HVYM mode

Statistical Analysis Range Analysis
Std Dev=0.87A Range Tsi = 5.07A
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The baseline: FDSOI substrate HVM

12nm top silicon layer integrity monitored at 32nm threshold

Quantiles Summary statistics
i
4[]1'—"“““““"““'1 1000%  maximum 265 Mean 94587033
99.5% 45 Std Dev 76297673
97.5% 24 Std Err Mean 0.0884912
90.0% 16 Upper 95% Mean 9.632171
75.0% quartile 12 Lower 95% Mean 5.8820672
0246810 14 18 22 26 30 34 38 500% median 8 N 7434
25.0% quartile 6
10.0% 4
2.5% 2
0.5% 1
0.0% minimum 0
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28Silicon for Qubits

13

Silicon isotopes: Why %2Sj is essential for spin qubits

ATOMIC PHYSICS & QUANTUM NOISE

s

28G| ENRICHED TARGET  92.2% > >99.99%

°
® [ ]
o
Nuclear Spin (I): 1=0 (Zero Spin)
Magnetic Moment: O uN (Inert)

Acts as a zero-noise "semiconductor
vacuum". Electron spin qubits remain

undisturbed.

NUCLEAR SPIN ELIMINATION
p
290G NOISE SOURCE 4.7% natural
. @ -
Nuclear Spin (1): 1=1/2 (Magnetic)
Magnetic Moment: -0.555 uN

Generates random Overhauser magnetic
field fluctuations, causing rapid qubit
dephasing.

Coherence T:* =1 s * Gate Fidelity < 98%

OVERHAUSER DEPHASING SOURCE

INERT TRACE|

3.1% natural

Nuclear Spin (1):
Magnetic Moment:

1=0 (Zero Spin)
O uN (Inert)

Magnetically quiet, but filtered alongside
2°Si during mass centrifugation.
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28Silicon for Qubits 14

2Si Journey: From Nuclear Centrifuge to Quantum Qubits

STAGE 01- TRICASTIN STAGE 02 - SYNTHESIS m STAGE 03 - BERNIN FAB STAGE 04 - HARDWARE a
Orano Air Liquide Soitec Quantum Qubits
Isotopic Centrifugation Hydride Conversion SmartCut™ & Epitaxy Quobly * CEA-Leti* ST

. o o } Deliverable *SiHs (5N } Deliverable 300mm *Si-SOI / } Deliverable Fault-Tolerant

Deliverable 2SiF. (>99.99/o) Electronic) QSOI® QPUs
Depletes magnetic #Si isotopes Zero isotopic degradation during Nanometer-uniform enriched top Co-integrating quantum dots with
causing qubit dephasing. high-yield silane synthesis. layers on insulating SiO-. cryo-CMOS on 300mm silicon.
SOVEREIGN DEEP-TECH VALUE CHAIN 100% EUROPEAN SOURCING STRATEGIC AUTONOMY ARCHITECTURE

Zero Nuclear Spin Noise (>99.99% Isotopic Purity) Standard 300mm CMOS Foundry Processing ® Scale to Million-Qubit Architectures
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28Silicon for Qubits 15

Preparing materials for donor and base wafers

Crystal on Crystal
(Compatible lattice)

EPITAXY

Natural silicon
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28Si Upgrade of FDSOI SmartCut™

High-quality top wafer for
thin SOI film compatibility

28 Si epitaxy wafers

~ < 1. Initial silicon s L D
N I

Y ( 2. Oxidation '
A ” l 3. Implantation :

|

f 4. Cleaning and bonding
/ ~~_Adapted to thin BOx

Adapted to thin BOx

Adapted to thin SOI film

5. Splitting

6. Finishing

Adapted to thin SOI film

7. Donor wafer becomes new wafer A | 30l Wafer
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28FDSOIl Upgrade 18

FD-22SOI Product

The perfect platform for spin qubits already exists

Mono-crystal top 28-Silicon

Fully Depleted - 26SOI

Buried 28-Silicon oxide : ]
No mobile free carrier, no nuclear

300mm Handle silicon spin, high processability
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28FDSOIl Upgrade

Benefits of FDSOI electrostatics control and no nuclear spin

FD-SOI transistor

Channel thickness is critical

barrier

gates
plunger
mil

source

electron

quantum dot

Silicon qubit transistor (simplified)

to get same device performances

All spatial frequencies considered in order for IC makers

N

SOl

Box

Handle wafer
WtW | WiwW Roughness I Roughness 4
Ellipso  10°¢ Ellipso 102 DRM 1 AFM pm

Die-to-die
J
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28FDSOIl Upgrade

High uniformity for Qubits

SOl roughness
(AFM 30*30um?)
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28FDSOIl Upgrade

FD-28SOl uniformity

21

e N
c Plot for SOI Uniformity | c Plot for BOX Uniformity |
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R&D samples already yields lattice level uniformity across the 300mm wafers
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28FDSOIl Upgrade

FD-28SOI Purity

Vs

S
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J

High isotopic purity maintained during our SOI process

22
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Comprehensive Technology Roadmap

FD-SOI scaling: 28nm to single-digit nodes

Node Tier

28nm

Mature Production

22nm

Commercial Mainstream

18nm
Next-Gen Industrial

12nm /10nm

Pilot / Demonstrated

Single-Digit
Advanced R&D

STMicroelectronics

28nm FD-SOI (Crolles)
High-volume automotive &
rad-hard ePCM

Sourced / Partnered
Co-developed IP with GF
Dresden ecosystem

18nm FD-SOI (Crolles)
Joint mega-fab with GF; auto
MCUs & eNVM

10nm FD-SOI (FAMES)
CEA-Leti pilot line under EU
Chips Act

GlobalFoundries

Skipped
Transitioned directly to 22nm
planar platform

22FDX / 22FDX+ (Fab 1)
$2B+ design wins, 0.4V Vdd,
77GHz radar

18FDX Alliance (Crolles)
European 300mm capacity
expansion

12FDX (Developed)
Demonstrated in R&D;
deprioritized for 22FDX

Ecosystem Research
Sub-10nm evaluation with
Soitec substrates

Samsung Foundry

28FDS (Giheung S1)
First commercial eMRAM and
RF integration

Skipped
Extended 28FDS variants
straight to 18FDS

18FDS (Giheung)
+20% speed, -40% power vs
28FDS; eMRAM + RF

10nm FDS Exploration
R&D vehicle modeled with
CEA-Leti

Key Milestones

Planar UTBB launch &
dynamic body biasing

0.4V Vdd floor &
FinFET-class power
efficiency

Joint fab scaling &
automotive qualification

4x density over 28nm,
68nm CPP, 48nm metal
pitch

fid Sources & Reference Notes: STMicroelectronics Capital Markets Day & Crolles announcements; GlobalFoundries Technology Summit (GTS 22FDX / 12FDX); Samsung
Foundry Forum (SFF 28FDS / 18FDS); CEA-Leti FAMES Pilot Line (EU Chips Act); Soitec UTBB Substrate Architecture Briefs.
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Secure supply from quantum computing

Towards a comprehensive 22Si FDSOI supply chain driven by the EU

SiFA m—) 28574 —) 28SHA — oo E— FD 2850 OC ac

QPU
©"~"0°-"0 -0 "0 - o -
28Si Gas 28Si FD-28S0l QuantumIC Quantum
purification conversion epitaxy fabrication fabrication comp.

integration
seitec U]
orano l_l @nirLiquide E= l_l seitec l_l quobly l—l
Other customers
QUBIT / QIC DEVELOPMENT WORKSTREAMS
R&D Design l_l -EI Processing
CEA-Leti l_l Quobly + other customers BE= == STMicroelectronics + GlobalFoundries l_l ||
END-TO-END LEAD TIME
¢ 18 months >

CRITICAL SUPPLY-CHAIN EXPOSURE
° High risk of supply shortage/stop due to legislation changemenst and export licenses (US)

° 8 months just due to export license of 28SiH4 from US to EU
° License granted to single user/country

ULTIMATE
END USERS

Quantum
applications

. Al training

. Finance

. Chemistry

. Drug development
. Logistics

. Materials science

. Cybersecurity

... and other
quantum-enabled
sectors

GLOBAL
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