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GRAND: thematic positioning

ENIAC, Strategic Research Agenda, First Update, November 2006.

1. “More (of) Moore” 
2. “More than Moore”
3. “Beyond CMOS” 
4. “Heterogeneous Integration” 

European Nanoelectronics Initiative Advisory Council (ENIAC) 
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GRAND: entering a new world?

Bucky Ball Carbon Nanotube Graphene

Dirac World

Bulk Quantum Well
Quantum Wire

Schrödinger World

Quantum Dot

3-DIM 2-DIM 1-DIM 0-DIM

0-DIM 1-DIM 2-DIM
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GRAND: project vision
“Nano-scale ICT devices and systems”:
1. Demonstration of new concepts for switches 

or memories
2. Demonstration of new concepts, technologies 

and architectures for local and chip-level 
interconnects

3. Demonstration of radically new 
functionalities
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GRAND: electronics in „Dirac world“

E-k diagram of graphene
near K-point

EF

Zero-gap semimetall
Linear dispersion relation described by
Dirac instead of Schrödinger equation
Massless dirac fermions, v ~ c/300
μ > 25.000 cm2/Vs @ 300K
J > 108 A/cm2

LMFP ~ 400nm @ 300K
Transport in π-orbitals

Potential for:
High switching speeds (THz)
Ballistic devices
Carbon interconnects

Electronic properties of graphene
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GRAND: electronics in „Dirac world“

A.K. Geim, Nature Materials 6, 183 - 191 (2007)

Carriers in graphene:
•low-E quasiparticles
•Dirac-like hamiltonian
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Top Gate

Back Gate

U
EF

Source Drain

Channel

Graphene FETs:
„distributed

E-k diagram“

Graphene Field Effect Devices
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GRAND: state of the art

AMO: Lemme et al., IEEE EDL, April 2007 Harvard: Williams et al., Science, July 2007

Stanford: Huard et al., Phys. Rev. Lett. June 2007 Columbia: Özyilmaz et al., tbp 2007

Graphene FEDs: State-of-the-Art
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GRAND: the consortium

?
2-5 nm

- Nanotechnologie -> AMO (Germany)
- Simulation -> IUNET (Italy)

- Materials -> CEA LETI (France)
- Nanoanalytics -> Cambridge (UK)

- Chemistry -> Tyndall (Ireland)
- Industrial relevance -> ST (France)

AMO: Lemme et al., IEEE EDL, April 2007
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GRAND: strategy

Int. Conferences and 
Workshops

Education of students: 
internships, thesis

„General public“:
GRAND website, etc.

NANOSIL
WP2: Beyond CMOS

Task 2.4: „Carbon Electronics“ 
(AMO)

Scientific & technical journals

Feedback

Feedback

WP 2
(AMO)

WP 3
(IUNET)

DEVICE FABRICATION

(AMO)

ELECTRICAL 
CHARACTERIZATION

(AMO / IUNET / UCAM)

MODELLING

(IUNET)

FUNCTIONALIZATION

(TNI / UCAM)

MATERIALS

(LETI / TNI)

AB INITIO 
CALCULATION

(IUNET / LETI)

MANAGEMENT

GRAND

DISSEMINATION

INDUSTRIAL COUNSELOR
(ST)

WP 1
(AMO)

EXPLOITATION
patents
codes

licences

Devices

D
evices

M
aterials

Materials

Devices

Data

Data

D
ata

FET Coordination Action
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