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Linköping University
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Linköping – Norrköping
Sweden’s fourth “metropolitan” region

Linköping
135,000 inhabitants

Norrköping
125,000 inhabitants
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Properties

• What is Graphene ?
• Material of the future
• Amazing physical properties
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Andre Geim
Born: 1958, Sochi, Russia
Affiliation at the time of 
the award: University of 
Manchester, Manchester, 
United Kingdom

Konstantin Novoselov
Born: 1974, Nizhny Tagil, 

Russia
Affiliation at the time of 
the award: University of 

Manchester, Manchester, 
United Kingdom

For groundbreaking experiments 
regarding the two-dimensional 
material graphene 

Noble Prize 2010
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What is Graphene
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What is Graphene !

• Graphene is one-atom-thick planar sheets 
of sp2-bonded carbon atoms

• densely packed in a honeycomb crystal 
lattice. 
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http://en.wikipedia.org/wiki/Plane_(geometry)�
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Future Applications

Let us see this movie by Samsung
You can find on YouTube
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How to Grow Graphene
for Electronic Applications 
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Graphene Growth
Large-area synthesis of high-quality and uniform graphene films on copper foils

Li, W Cai, J An, S Kim, J Nah, D Yang… - Science, 2009 
Graphene films transferred onto a SiO2/Si substrate and a glass plate, respectively. ...

Large-scale pattern growth of graphene films for stretchable transparent electrodes
KS Kim, Y Zhao, H Jang, SY Lee, JM Kim, KS Kim… - Nature, 2009  

Large area, few-layer graphene films on arbitrary substrates by chemical vapor deposition
Reina, X Jia, J Ho, D Nezich, H Son… - Nano letters, 2008 

Homogeneous large-area graphene layer growth on 6H-SiC (0001)
C Virojanadara, M Syväjarvi, R Yakimova… - Physical Review B, 2008 

Thermodynamics and kinetics of graphene growth on SiC (0001)
RM Tromp… - Physical review letters, 2009 

The growth and morphology of epitaxial multilayer graphene
J Hass, WA Heer… - Journal of Physics: Condensed …, 2008 

Towards wafer-size graphene layers by atmospheric pressure graphitization of silicon carbide
KV Emtsev, A Bostwick, K Horn, J Jobst… - Nature Materials, 2009 

Evidence of structural strain in epitaxial graphene layers on 6H-SiC (0001)
N Ferralis, R Maboudian… - Physical review letters, 2008 
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http://www.sciencemag.org/cgi/content/abstract/324/5932/1312�
http://www.nature.com/nature/journal/v457/n7230/abs/nature07719.html�
http://pubs.acs.org/doi/abs/10.1021/nl801827v�
http://link.aps.org/doi/10.1103/PhysRevB.78.245403�
http://link.aps.org/doi/10.1103/PhysRevLett.102.106104�
http://iopscience.iop.org/0953-8984/20/32/323202�
http://www.nature.com/nmat/journal/v8/n3/abs/nmat2382.html�
http://link.aps.org/doi/10.1103/PhysRevLett.101.156801�
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Graphene on SiC

a, SiC starting surface with a staircase 
of flat terraces and atomic steps. 
b, Unit cell of 6H-SiC. c, Schematic 
morphology of vacuum-graphitized 
SiC. 
d, Morphology obtained in high-
pressure argon. 
The surface termination is 
predominantly monolayer graphene, 
G1 
(e), with narrow stripes of bilayer (G2) 
and trilayer (G3) graphene near 
the upper edge of the substrate steps. 
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How Graphene was produced 
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Noble prize 2010, Experiment
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How Graphene can be produced 
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• Watch this movie

How you can produce Graphene
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Any of you have produced Graphene ?
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Transistor structure 
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Graphene vs Carbon
Nano tubes FETs
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Let us see what Japanese are 
saying about Graphene
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Chip Cooling by Graphene
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Summary

• World thinnest material
• Amazing Physical properties
• Excellent electronic properties

Can change electronics
by 2016-2020
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