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Andre Geim Flying frog




The Nobel Prize in Physics 2010 was awarded jointly
to Andre Geim and Konstantin Novoselov

"for groundbreaking experiments
regarding the two-dimensional
material graphene”
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Andre Geim Konstantin Novoselov



Za co byla cena udelena:

Andre Geim a Konstantin Novoselov

“za prulomoveé experimenty tykajici
se dvojrozmerného uhlikoveho
krystalu — grafenu”




Trocha historie.....

* 19406 transistor

* 2000 Nanotechnologicka iniciativa
(Bill Clinton)

e Jak nahradit kiemik®?



Motivace...

Najit alternativu k soucasnym kremikovym
MOSFETUmM a GaAs/AlGaAs HEMTum

Aby nebylo moc volnych elektronu je treba
tenka vrstva ...

Nemela by byt kovova...
Nejvhodnejsim kandidatem je grafit
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Grafen — matka vsech struktur
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Priprava grafitovych vrstev exfoliaci

* Exfoliace — sejmuti vrstvy lepici paskou

* Deposice vrstev na 300 nm SiO na
povrchu kremiku (100)

* |dentifikace vloCek optickym a AFM
mikroskopem



Nekolik vrstev grafenu

* Obrazek grafitového
filmu z optického
mikroskopu

* Vlozen je obrazek
z AFM mikroskopu

* Vzorek pripraveny
Izolepou




Jedna grafenova vrstva

,Psani tuzkou"”
(Micromechanical
cleavage)

identifikace optickym
mikroskopem

* potvrzeno AFM




Grafen skanujicim transmisnim
mikroskopem




Graphene — krystalova struktura

graphite — Bernal

stacking of weakly

coupled single sheets
----graphenes----

two atoms in a cell of
a hexagonal Bravais
lattice

nearest neighbors
tight binding
electronic bands



Elektronova struktura grafenu
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Elektronova struktura grafenu




Dirac massless fermions

* Power series expansion around K and K,
conical low-energy spectrum, Dirac point

C E(k)=thv,k
E2=><+c2p2

massless



Schrodinger and Dirac fermions
B=0

ES (k)=
1 0*E(k)
n ok
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Transportni viastnosti
v magnetickem poli
a kvantovy Halluv jev

Klaus von Kilitzing Horst Stormer
© 1985 © 1998




2DEG v magnetickém poli

Lorentzova rovnice cyklotronovy pohyb a hranove orbity
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Schrodinger and Dirac fermions
B#0 Landau levels
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Schema vzorku pro transportni
mereni (elektronova litografie)

Au contacts

SiO,

GRAPHENE

Si



Halluv jev Schrodingerovych
elektronu
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PoloCiselny QHE v grafenu
v zavislosti na napeti
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Mereni na nejlepsich vzorcich,
zavislost na magnetickem poli
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QHE v zavislosti na napéti

a) Standardni
2DEG

a) Bilayer graphene

a) Single layer
graphene




Visualisation of fine structure constant

number of layers
1 2 3 4 5

white light transmittance (%)
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The fine structure constant observed “with a naked eye”

a = 1137 (+2%)



Priprava grafenu



Priprava grafenu depozici na kov

M. Kalbac
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Folie s grafenem



http://www.jh-inst.cas.cz/www/people.php?p=26&a=2

Priprava grafenu na
povrchu SiC

Epitaxial GrapheneLab - Georgia Institute of Technology

Nobel Laureate Albert Fert (center) is working with physicists Claire Berger and Walt de Heer (left to right)



UROPEAN
CIENCE
—OUNDATION

Epitaxial Graphene Transistor (EPIGRAT)

The aim of EPIGRAT is to synthesize and characterize epitaxial graphene layers on
silicon carbide suitable for future electronics using different growth techniques, and to
develop and characterize high frequency transistors made from these materials.

Svédsko, Polsko, Turecko, Francie a Ceska republika


http://www.graphene.gatech.edu/

SiC crystal structure




Povrch SiC




Priprava grafenu na karbidu kremiku




Grafen na podlozce SIiC




Ramanova spektra grafenu na SiC

M. Ledinsky FZU
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lokalni napéti poruchy



Lithography-the layout of the device

Bonding contact

Ohmic contact




Grenoble december 2010



Real sample...
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The sample 699: longitudinal and Hall

magnetoresistances. Origin ITME Warsaw, Poland
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The sample 141: longitudinal and Hall
magnetoresistances. Origin Link6ping University.
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Grenoble april 2012



The sample 9052: longitudinal and Hall
magnetoresistances. Origin ITME Warsaw, Poland
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Influence of samples
hydrogenation



The sample 575: longitudinal and Hall
magnetoresistances. Origin Linkoping University,

Sweden.

3000 T T T T T T T T | T T T T | T T T T T 14000

12000

10000

2000 ]

@ 8000 @
% | =
o 6000

1000 |
4000

2000




The sample 576: longitudinal and Hall
magnetoresistances. Origin Linkoping University,
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The sample 576: the oscillatory part of p,, is compared
with the oscillatory part of DOS of Dirac fermions.
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Prakticke aplikace



Grafenova mikroelektronika




Mozne aplikace grafenu

* hodinky / kalendare

* ohebny svételny panel

* elektronicky papir

* mobilni telefony

* elektronicke platby

* dotykove displeje,

* mikroelektronika

* kompozitni materialy

* prenosné pocitace

* elektrody fotovoltaickych Clanku

Pramen: denni tisk



KONEC



