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Change of paradigm for many applications

From More Moore ... More than Moore and 
heterogeneous integration

Å From device density Χ Χ ǘƻ Χ Χ functionality increase
Å From device cost ŘǊƛǾŜƴ ΧΧ ǘƻ Χ Χ system cost driven
Å From single ŦƛƎǳǊŜ ƻŦ ƳŜǊƛǘ ΧΧ ǘƻ Χ Χ multiple parameters
Å From Technology push Χ Χ ǘƻ Χ ... Application pull

... full supply chain

... sustainability

... to é



At the same time: From performance-driven to 
application-driven device design
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Complementarities: NEREID ςECS SRA - IRDS

Different Timescale,
Topics, Method,
Figures of Merit

Different focus:
Computing vs 
non Computing

From Applications é

é to European strategic programs

different different

Roadmap
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NEREID Roadmap Process
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NEREID Structure & coordination with other regions

Beyond CMOS

Advanced Logic and Connectivity

Functional diversification

System Design & Heterogeneous 
Integration 

Equipment & Manufacturing 
Science
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Advisory Committee

10-15 high level 
members:

Europe, USA, Asia
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The NEREID Approach

Application requirements

Short term

Medium term: 
Performance of function 
or technology, or novel 

functionality

Long term: 
Performance of function 
or technology, or novel 

functionality

Planned Technology evolution based 
on extrapolation of 
present State-of-Art at ґ TRLs 

Value of technological 
Figured of Merit or 
novel functionality

No 
solution
available

Other 
disruptive 

Applications
based on 

technological 
evolution

Convergence
Gaps
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ǅApplication Benchmarking

ǅSystem and Architecture

ǅMore Moore

ǅBeyond CMOS and Emerging Research Materials

ǅCryogenic Electronics & Quantum Information Processing

ǅOutside System Connectivity

ǅYield Enhancement

ǅFactory Integration

ǅLithography

ǅEnvironment, Health, Safety and Sustainability

ǅMetrology

ǅPackaging Integration

IRDS Chapters
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Advanced Logic / Nanoscale FETs 
(NEREID & IRDS)



Nanoscale device roadmap for low energy, scaling, high perf., new functionalities

20nm

11.7nm

MG/NC

FDSOI/NCFET
/FeFET

MC

TFET/B.CMOS

CNTFET

NWFET/NVM

3D- NW

Nanosheet/2D - FET
NW/Carbon
- based

MtM

Lateral/Vertical

Non - charge/
PCRAM

Non - charge/ 
RRAM/MRAM

NEMS



Challenges for future Nanoscale devices

-High performance

-Low/very low static and dynamic power consumption

-Scaling

-Lowvariability

-Goodreliability

-Affordable cost
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Sub. Swing vs Year/ Lg (mV/dec)(Sim.)

Lg beyondIRDS Roadmap



ResearchPriorities
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Compatibility with different options

Integration of new materials 

Ultra-Low Power design

3-D integration

FD-SOI

Co-integration of different channel materials

Improve analog performance

Subthreshold slope control 

Variability control

Fin-FET

10nm 7nm 5nm 3nm

22nm 14nm 10nm 7nm

Nanoscale FETs: Research highways

New materials

New geometries

Strain engineering

3-D process control

NW-Nanosheet

7nm 5nm 3nm 2nm 1nm
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Nanoscale FETs: Research highways

NCFET

CNTFET

Sequential 3D

Design Tools for place and route

Ultra-fine grain interconnections between layers

Thermal management/self-heating mitigation

Manufacturing challenges

Investigate the impact of hysteresis at design level 

Identify the maximum switching speed 

Investigate the scaling potential of the device 

Develop thin Hafnium based Ferroelectric layers with low coercive field 

Develop solutions to lower the Schottkybarriers at source/drain 

Develop solutions to remove the metallic CNTs 

Develop faster growing process 

Develop circuit design strategies to deal with variability 


