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About NANO-TEC: Objectives

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

T  b ld   h l d   To build a joint technology-design 
community to coordinate research 
efforts in nano-electronics. 
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About NANO-TEC: Activities

 4 workshops with invited experts on 
Beyond CMOS devices, benchmarking 
and a SWOT analysis of new devices.

 A state-of-the-art web platform for 
working groups  enabling discussions working groups, enabling discussions 
fora, meetings, communications and 
access to an information repository.

 A report on Emerging Nanoelectronics.
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About NANO-TEC: Timeline

Workshop 1 Workshop 2 Workshop 3 Workshop 4
Identify 

Technologies &
Designs for 

Benchmark of 
New Beyond-
CMOS Device 

SWOT Analysis of 
Benchmarked 
D  d 

Recommendations 
on Combined TEC-Designs for 

New Devices to 
Work

CMOS Device 
and Design 
Concepts

Devices and 
Designs

on Combined TEC
DES Eco-System

January  2010            October 2011 30-31 May 2012           Autumn 2012January  2010            October 2011 30 31 May 2012           Autumn 2012
Granada                        Athens                           Lausanne
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“Beyond CMOS” technologies: Taxonomy

 New information processing 
devices and architectures

• Nano-Electro Mechanical Switches

• Collective Spin Devices

• Spin Torque Transfer Devices

• Atomic Switch / Electrochemical 

MetallizationMetallization

• Carbon-based Nanoelectronics

• Single Electron Transistors

• CMOL / Field Programmable Nanowire g

Interconnect (FPNI)

8
Isabelle Ferain NANO-TEC: Building Bridges 
Tyndall National Institute, University College Cork between Beyond CMOS Technologies and Design

(Reproduced after ERD ITRS)



Motivation“Beyond CMOS” technologies: Motivation

 Large number of emerging ”Beyond CMOS” device concepts

• Can those be used for data processing (computation/memory/interconnects…)?

• Device fabrication: manufacturability? Variability? Reliability?

• Architectures, design tools, libraries?
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“Beyond CMOS” technologies: Towards design libraries?  

Reproduced after:
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Benchmarking procedure“Beyond CMOS” technologies: Benchmarking Methodology 

Technologies under scope:

 Molecular Electronics
Workshop2: 
“Benchmarking of 
n  b nd CMOS 

 MEMS

 Solid-State Quantum Computing

new beyond CMOS 
device concepts”
on 10/13-14/11
in Athens

 Spintronics

 Nanowires Charge based Beyond CMOS, 
Non-Conventional FETs 

in Athens

 Memristors
 Graphene

Presentations of WS2  are available at: 
https://www.fp7-nanotec.eu/workshop2/presentations

Slides re- Mol. Electronics, Memristors 
and Graphene transistors: 
Courtesy Dr. D. Vuillaume, Dr. J. Bollier 

d D  J  Ki  (W k h  2)
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Building Bridges: Molecular Electronics (1/3)
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Building Bridges: Molecular Electronics (2/3)

 SAMFET: Self-Assembled Monolayer Field 
Effect Transistor

B il  b  i i   ili  b  • Built by immersing a silicon substrate 
into a solution containing liquid 
crystalline molecules that self-assemble 

t  thi  b t t  lti  i   ionto this substrate, resulting in a semi-
conductive layer, a single molecule thick.

• The monolayer of the SAMFET consists of 
l l  h   d  h  molecules that are standing upright. 

Conduction takes place by charges 
jumping from one molecule to the other.

• As the length of the SAMFET increased, 
its level of conductivity decreased 
exponentially.

• The SAMFET can be used to make sensors
that give a large signal that is triggered 
by a small change.
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Building Bridges: Molecular Electronics (3/3)
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Building Bridges: Nanowire Transistors (1/5)

 Tunnel Field Effect Transistors (TFET)

BTBT across the source-channel junction
Controlled by the gate-to-source bias

Advantages
 Low power
 CMOS-toolset compatiblep
Challenges
 Drive current enhancement - scalability
 Shallow tunnel junctions engineering

S  b h h ld l    l d l  
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 Steep subthreshold slope on a limited voltage range



Building Bridges: Nanowire Transistors (2/5)
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Building Bridges: Nanowire Transistors (3/5)

 Junctionless Field Effect Transistor
• Gated resistor
• Pinch-off transistor

 Full depletion in off-state, controlled by 
the gate-to-channel work function the gate to channel work function 
difference

Below 
Th h ld V l  (V )

Slightly 

He
igh

tThreshold Voltage (VTH)
g y

above VTH

Higher 
Depletion 

Silicon Quantum WIRE transistors (SQWIRE)
Collaborative project, Grant agreement no: 257111

Gate Bias (VG)
Depletion 
is gone

L  d i  bi
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Building Bridges: Nanowire Transistors (4/5)

 Advantages
• No shallow source/drain junctions required
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NMOS
• 60mV/decade subtreshold slope at Room T
• CMOS-toolset compatible, fabrication is 

simpler 
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• Drive current enhancement
• Dimensions control

Gate voltage (V)
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Building Bridges: Nanowire Transistors (5/5)
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Building Bridges: Switching Memristors (1/5)

 Combines the electrical properties of a memory element and of a resistor
• Memory switches

– Resistance of the switch = f(voltage history)

• Advantages
– Faster and denser (memristors are small (< 50 x 50 nm2)) than regular MOS transistors– Faster and denser (memristors are small (< 50 x 50 nm2)) than regular MOS transistors
– Energy-efficient and Reconfigurable

 Applications
• logic functions, FPGAs
• NV RAM Technologies

F l t i  RAM (FRAM)  ll  f l t i  l i ti  i  d  i  i  – Ferroelectric RAM (FRAM) as well as ferroelectric polarization memories made using organic 
materials

– Phase-change memory (PCM) or phase-change RAM (PCRAM)
C d b d  RAM (CBRAM)– Conductive-bridging RAM (CBRAM)

– Resistive RAM (RRAM or ReRAM) 
– Magnetic RAM (MRAM)

21
Isabelle Ferain NANO-TEC: Building Bridges 
Tyndall National Institute, University College Cork between Beyond CMOS Technologies and Design

g



Switching Memristors (2/5)

22
Isabelle Ferain NANO-TEC: Building Bridges 
Tyndall National Institute, University College Cork between Beyond CMOS Technologies and Design



Switching Memristors (3/5)
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Switching Memristors (4/5)
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Switching memristors (5/5)
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Graphene Transistors (1/4)

 Key improvement demanded:
• Bandgap vs. mobility: high mobilities relate to gapless graphene  useless for digital 

electronics
• Fabrication: bandgap extremely sensitive to surface roughness variations

B h ki Benchmarking:
• Criteria are available
• Some are met  e gSome are met, e.g..

– Devices at room temperature
– Integrability

N  b d CMOS“ d  t  l k f di it l t i t No „beyond CMOS“ due to lack of digital transistor:
• ‘CMOS logic requires both n and p-channel FETs with well controlled Vt, and graphene FETs 

with these properties have not yet been reported’ (F. Schwierz, Nature Nano)
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Graphene Transistors (2/4)
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Graphene Transistors (3/4)
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Graphene Transistors (4/4)
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Conclusions Conclusion

• Building bridges ’Technology/Emerging devices Architecture/Design’
• Device research: proofs of concept 

• limited amount of demonstrations at circuit levels
• not enough data for current design tools

• Logic / Memory applications: limited space for other types of application• Logic / Memory applications: limited space for other types of application
• Design Community: Join the discussion at the next NANO-TEC Workshop … 
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Conclusions NANO-TEC Workshop 3: 
“SWOT Analysis of the Technology–Design Ecosystem”

• Time: May 30-31, 2012
• Location:  Hotel Beau Rivage Palace

L  S l dLausanne, Switzerland
• Fee: free of charge
• Deadline May 15  2012Deadline May 15, 2012

• Program:
• a series of plenary presentations 

on several selected technologies
• a panel discussion on the programmatic and explorative • a panel discussion on the programmatic and explorative 

perspectives of these technologies

• Join the discussion on a SWOT Analysis of Beyond CMOS
and tell the technology community about designer’s needs
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