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About NANO-TEC
AIMS 

 To identify the next 
generation of 
(emerging) device(emerging) device 
concepts and 
technologies for ICT.g

 To build a joint j
technology-design 
community to 
coordinate researchcoordinate research 
efforts in 
nanoelectronics. 
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Presentations
• Emerging Technologies: More Moore and More than Moore

• Dr Mart Graef, Delft University of Technology, The Netherlandsy gy

• Technology and Design challenges in future low power 
memory devices and circuits
• Dr Paolo Fantini, Micron Semiconductors, Italy

• Bridging Technology and Design for Beyond CMOS
P f P l L li (t t ti ) T h i l U i it f M i h G• Prof Paolo Lugli (tentative), Technical University of Munich, Germany

• Bridging Technology and design in More than Moore
Dr Wladek Grabinski EPFL Switzerland• Dr Wladek Grabinski, EPFL, Switzerland

• Benchmarking for Beyond CMOS technologies
• Prof Jouni Ahopelto VTT Finland• Prof Jouni Ahopelto VTT, Finland
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E i T h l iEmerging Technologies:
More Moore and More than MooreMore Moore and More than Moore

G fDr Mart Graef, 
Delft University of Technology, 

The Netherlands,The Netherlands, 
m.w.m.graef@tudelft.nl
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Overview

Beyond CMOS:
What is new about emerging technologies?g g g

• Miniaturization
• Parameterization
• Diversification
• Designability• Designability
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Constant Field Scaling
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Source: More than Moore White Paper, ITRS (2011)



More Moore: Increasing complexity

FINFET
FDSOIYieldnt Area Speed Power

Late CMOS Multi-MG
High k
Low k

Strained SiGe
Gate leakage

Yield

de
pe

nd
e

es
Area        Speed Power

S ft d d i Gate leakage

Variability

ve
 In

te
rd

ha
lle

ng
e Software and co-design

become vital!

S/D leakage

um
ul

at
iv C
h

Manual
Design

0.5     0.2 V

C
u Happy Scaling

5   3.3  1.8  1.2 V
Dynamic power
Low cost, low power

Critical dimension [nm]   500  250  180  130  90   65   45   32   22
Year    1980               1990               2000               2010               2020

8
Mart Graef Embedded Tutorial presented by the NANO-TEC Project:
TUDelft "BEYOND CMOS - BENCHMARKING FOR FUTURE TECHNOLOGIES"



Parameterization of emerging technologies

9
Mart Graef Embedded Tutorial presented by the NANO-TEC Project:
TUDelft "BEYOND CMOS - BENCHMARKING FOR FUTURE TECHNOLOGIES"

Source: ITRS



Reaching dimension/complexity limits
Complexity in
# of devices1                 1000       1M                 1G                1T

10 mm

19581947

100 µm

1 µm
2012

Validated 
concept

Quantum computing 
Spintronics 
Molecular electronics
Nanotubes

10 nm
2020

B d

Nanotubes
Graphene

1 Å Beyond 
CMOS?

Source: STMicroelectronics
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“More Moore” & “More than Moore”
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Source: ITRS (2011)



“More Moore” & “More than Moore”
Baseline
CMOS Memory RF HV

Power
Passives Sensors,

Actuators
Bio-chips,
Fluidics

“More Moore”
“More than Moore”

Computing & Sense, interact, 

More than Moore             

p g
Data Storage

, ,
Empower

Heterogeneous Integration
System on Chip (SOC) and System In Package (SIP)

Source: ENIAC
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Source: ENIAC



Design Hierarchy

System Di it l iy
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g Digital: expansion

Design

ED
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to
o

A l b t ti
Technology

E Analog: abstraction

• Analog and digital approach design from opposite directionsg g pp g pp
• Mixed-signal: need to “meet in the middle”

Source: Maarten Vertregt NXP
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Source: Maarten Vertregt, NXP



MM & MtM: The Co-Design Callenge

System-Level ArchitectureSystem-Level Architecture

System in Package:y g
Bridging the Hardware and Software Co-Design Gap

M l i S l T h l I iMulti-Scale Technology Integration
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MM & MtM: Design Aspects

• More Moore: 
Design technologies that enable equivalent scalingDesign technologies that enable equivalent scaling
(high performance, low power, high reliability, low cost, 
high design productivity)

D i f i bilit• Design for variability
• Low power design

(sleep modes, hibernation, clock gating, multi-VDD, ...)
• Homogeneous and heterogeneous multicore SoC architecturesHomogeneous and heterogeneous multicore SoC architectures

• More than Moore: 
Design technologies that enable functional diversification

• Heterogeneous system partitioning and simulation;• Heterogeneous system partitioning and simulation; 
• Analog and mixed signal design technologies for sensors and 

actuators; 
• New methods and tools for co-design and co-simulation of SiP, g

MEMS, and biotechnology
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