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• Introduction: trends and challenges
• Computing roadmap:

– CMOS device architecture
– 2D materials for FEOL
– New materials for BEOL
– Lithography
– CMOS 2.0

• Memory technologies
• Beyond Von Neumann disruptive approaches: 

– Near or in-memory computing
– Quantum computing

• Heterogeneous integration: from chiplets to functional backside
• Analysis: EU and non-EU actors
• Conclusions

Outline
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• Compute needs are growing at an unprecedented speed
• Innovations across different levels needed to enable chip & system performance 

enhancement 
• Sustainability an increasingly important metric for evaluating technology choices
• Europe is very strong in R&D in all advanced compute areas

Summary
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Diversity of Applications and Workloads

AR/VR

Low power 
Ultra low latency 

High memory bandwidth
Small form factor

Autonomous driving

Multi-sensor fusion 
Distributed real-time computation 

Reliable and explainable AI

GPUs for Training

High throughput parallel compute 
Very high memory bandwidth

Very high GPU-GPU bandwidth
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New device architectures to extend scaling

N. Collaert, "Advancements in IC Technologies: A look toward the future," in IEEE Solid-State Circuits Magazine, vol. 15, no. 3, pp. 80-86, 2023, 
doi: 10.1109/MSSC.2023.3280433.
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Logic scaling roadmap
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Std cell

Backside

BEOL

CMOS 2.0

SDB SAGC FS wall VHV? Common Gate?

BS-PDN BPR BS Interconnect BS PS

Ru DME Ru SemiD +AG AR6 Uber via/
New alloy

Act. 
Interc

AuC

Metal 
Tracks

NS=nanosheet
FS=forksheet
CFET=complementary FET
MP=metal pitch
BS=backside
AUC=array under CMOS

A. Veloso, ICOS workshop, April 2023.
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FD-SOI Technology Roadmap

28nm 
FD-SOI

Speed

10nm 
FD-SOI

+3
0%

 

22nm 
FD-SOI

+2
5%

• cSiGe PFET
• In situ doped

RSD
• 20nm BOX

• Continuous RX
• L-sSOI NFET
• 3rd Gen cSiGe PFET
• 2nd Gen RSD
• 15nm BOX
• Dual STI

+2
5%

7nm 
FD-SOI

• Full strained
CMOS (sSOI)

• In situ doped
RSDGen3

• RMG
• SAC
• 10nm BOX
• Local dynamic

biasing

Key drivers for 10 & 7nm:
- Strengthen the Back bias effect for Energy saving
- Improve RF performance for Connectivity
- Build a design platform with an ecosystem
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2D Channels: Next generation logic devices

Characteristic length of short channel FETs:

𝜆 =
𝜖𝑐ℎ
𝜖𝑜𝑥

𝑡𝑐ℎ. 𝑡𝑜𝑥
 

Expect reduced short channel effects in planar devices

Choice of bandgaps and band alignment

No/few dangling bonds at interfaces

Ultra-thin materials
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2D Channels: Next generation logic devices

Monolayer channel thickness 
enables gate length scaling while

keeping high performance

MoS2

300mm Flow

Lg = 18 nm  

Top 
Gate

Back 
gate

CONTACT
VIA

M1

WS2

I. Asselberghs et al, IEDM 2020

Layer Transfer

CEA-Leti, unpublished
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Industry BEOL trends
Courtesy: Zsolt Tokei (imec)
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Slowdown in Performance and Increasing Costs

Based on original data plotted by M. Horowitz, F. Labonte, O. Shachan, K. Olukotun, L. 
Hammond, C. Batten. Additional data compiled by K. Rupp 

Source: AI Chips and why they matter”, S. Khan and A. Mann, 2020
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SRAM scaling has slowed down
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Chip Cooling Limit Power Density of Chips
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Carbon Emissions: “Do Nothing” Scenario
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Energy Efficiency is far from biological Systems
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EUV lithography key enabler for scaling
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Emerging Non-Volatile Memories

Memory activity focus on embedded NVM  for NOR flash replacement 

NOR FLASH MRAM PCRAM OxRAM FeRAM (PZT) FeRAM (HfO2)
Programming 

power ~200pJ/bit ~20pJ/bit ~300pJ/bit ~100pJ/bit ~10fJ/bit ~10fJ/bit

Write speed 20 µs 20 ns 10-100 ns 10-100 ns <100ns
14ns @ 2.5V 

(SONY)
4ns @ 4.8V (LETI)

Endurance 105 - 106 106-1015 108 105 – 106 on 16 
kbit > 1015 > 1011 single device

106 – 107 on 16 kbit
Retention > 125°C 85°C - 165 °C 165°C > 150°C 125°C 125°C

Extra masks Very high (>10) Limited (3-5) Limited (3-5) Low (2) Low (2) Low (2)
Process flow Complex Medium Medium Simple Simple Simple

Multi-Level Cell Yes No Yes Yes No No

Scalability Bad Medium High High Medium Poor (2D)
High (3D)
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Power Reduction by 10000!



LV Annual Meeting of the Italian Society of Electronics       
26-28 June, 2024 | Genoa, Italy

2 PCRAM Example:

M. Suri et al, IEDM 2011.

FeRAM

Neuromorphic based RRAM circuit
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From bits to qubits
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EU and non-EU actors - EU

• R&D very strong in all areas 
of compute

• Unique strong position in 
EUV lithography

• In general, industrial EU 
players lacking to take up 
R&D

CMOS scaling

FDSOI

2D materials

BEOL

Advanced patterningMemory

Near/in-memory
compute

Quantum computing

Heterogeneous
integration

academia/RTO industry

high

no
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Thank you for your attention

This project has received funding from the European Union’s Horizon 
Europe research and innovation programme under GA No 101092562

icos-semiconductors.eu


