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Why Graphene?

Single layer of graphite
Extraordinary properties

One atom thick: real 2D material

*Electronic band structure, transport properties

Semi-metal with field effect
High quality: Ballistic transport on micron scale /

M~100.000 cm?/Vs

Mechanical properties

High strength of carbon-carbon bond
2D flexible but stiff films
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Applications: Proof of concept devices

FET: graphene ribbons

Han, PRL 2007 Transparent electrodes
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Current ways to obtain Graphene

» Mechanical exfoliation of graphite. \
*Very simple method, but:
*High multilayer/monlayer ratio. yr

*Finding monolayers time consuming
Not applicable

Novoselov et al Nature, 2005

to technology yet

*Epitaxial growth on silicon carbide and metals

eLimited to certain substrates

*Uniformity, size domain?

*UHYV, high temperatures

Berger, et al Science, 2006 :
Land, Surface Science, 1992 S

*Chemical approach:

*Via graphite oxide: Graphite oxide, easily layered _
Inexpensive, scalable, substrates
*Mainly monolayers

*Solution based

*Reducing graphite oxide on surface?

Stanovich et al Nature , 2006




Initial iIdea

1st: Synthesizing graphite oxide e

: Graphite oxide: graphite functionalized with epoxy
C-0O-C and hydroxyl C-OH groups in the interlayer
and C-OH -COOH groups at the edges of the
% graphene sheets.

Graphite oxide layers are easy to separate in water...leading to “graphene oxide”
Solution process

iwn

2nd: Adsorption of single GO layers on surface

3'd: Reducing GO by chemical procedures on surface

'
_&. \TJMH Hydrazine or hydrogen plasma

Quality and properties of graphene obtained trough this route?

Schniepp et al J Phys. Chem. B, 110, 8535, 2006



AFM imaging of GO
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Very high mono\multilayer ratio j 1 st layer h~ 1.0¢0,1nm

2nd layer h ~ 0,8+0,1nm

h in agreement with theoretical expectation



Electrodes by e-beam lithography

- Electronic transport GQ
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Electronic transport reduced GO
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Ambipolar behaviour similar to pristine graphene
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High resolution imaqging of GO

AFM: wrinkling STM: ordered\disordered regions



Raman spectroscopy: GO
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2nd step: Chemical Vapor Deposition of ethylene

Flow ethylene for 3 min at 800 °C

High T
*Decomposition of C,H,
sobtaining atomic C

to be incorporated in vacancies

*High T facilitates healing



CVD treated GO: improved conductivity

After CVD conductivity increases two orders of magnitude
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CVD treated GO: Raman and coductivity
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Conclusions on electrical transport

« GO routes provides access to a large scale production of graphene monolayers.
 Reduction improves conductivity in 3 orders of magnitude
« CVD of ethylene increases conductivity in 2 orders of magnitude.

» CVDGO still contains a considerable amount of defects.
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GO: mechanical properties
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