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Poszukuj emy nowych wewnntnnz
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J.J. Thomson
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O. Stern, W. Gerlach
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L.D. Landau

l/q alandaua Peierisa

R.E. Pejerls, Helv. Phys. Acta 7 (1934) 61.
R.E. Peierls, Ann. |.H. Poincare 5 (1935) 177.
L.D. Landau, Phys. Z. Sowjetunion 11 ( 1937) 26.
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Grafen 2 -D

RE. Peierl W przybliUeniu harmonicznym, fluktulac]
A=l S ni szczN djugozasifigowe uporzNdkowanlie
L.D. Landau topnienia sieci 2-D w dowolnej temperaturze.

Kryterium Lindemanna
(R)~R R ke

R.E. Peierls, Helv. Phys. Acta 7 (1934) 61.
R.E. Peierls, Ann. I.H. Poincare 5 ( 1935) 177.
L.D. Landau, Phys. Z. Sowjetunion 11 ( 1937) 26.

Djugozasingowe uporzNdkowani® mag

i 2-D.

N.D. Mermin, H. Wagner

N.D. Mermin P-¥niej wynik ten zostag rozszejlrz
uporzNdkowanie sieci krystaliczlne

N.D. Mermin, H. Wagner, Phys. Rev. Lett. 17 (1966) 1133.
N.D. Mermin Phys. Rev. 176 (1968) 250.
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Vol 438[10 Nove r 2005|doi:10.1038 /nature04233

Two-dimensional gas of massless Dirac fermions in
graphene

K. S. Novoselov', A. K. Geim', S. V. Morozov?, D. Jiang', M. |. Katsnelson®, I. V. Grigorieva', S. V. Dubonos®

| &A.A. Firsov?

Vol 438]30 Navem ber 2005 doi: 10,1038/ nature 04235

- Experimental observation of the quantum
® and Berry's phase in graphene

\
-

Yuanbo Zhang', Yan-Wen Tan', Horst L. Stormer'” & Philip Kim'

» . »
— - — -

.‘-/' \i/\‘

Hall effect

. > <
NSl
iz Kim Group

Department of Physics, Columbia University
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A. Geim i K. Novoselov
zaprezentowal

prost N met od|f
otrzymywania grafenu
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Teoria Fresnela
grafen/SiO,/Si

Wsp-gczynni k zagamani a

P. Blake, et al. Appl. Phys. Lett. 91, 063124 (2007).
I. Wlasny, P. Dabrowski, Z. Klusek, arXiv:1102.4953v1 (2011).
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Powszechna procedura identyfikacji

1 - warstwa - 1 komponent
2 - warstwy - 4 komponenty

3-warstwy -15kompo

2 komponenty jak w graficie
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5 war stw
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UNIVERSITY OF " DEPARTMENT OF

CAMBRIDGE ENGINEERING ERRIEEU SIS o[=gYaul=1a]

PRL 97. 187401 (2006) PHYSICAL REVIEW LETTERS

Raman Spectrum of Graphene and Graphene Layers
A.C. Ferrari,"* J.C. Meyer,” V. Scardaci.' C. Casiraghi,' M. Lazzeri.” F. Mauri.” S. P
4 voselov,” S. Roth,” and

'Cambr

*IMPMC,

‘Department of Phys

[1.4]). in practice, it is only possible to distinguish between
one and two layers by AFM if films contain folds or
wrinkles [1.4]. This a major limitation to the range
of substrates and 1s a setback for the widespread utilization
of this material. Here, we show that graphene’s electronic
structure is uniquely captured in its Raman spectrum.
Raman fingerprints for single layers, bilavers, and few
layers reflect changes in the electron b: and allow
unambiguous, high-throughput. nondestruc identifica-
tion of graphene layers. which is cntically lacking in this
emerging research area. L

A.C. Ferrari
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- Ig Nobel 2000

. 'lgnoble” znaczy niegodziwy

The 2000 Ig Nobel Prize in Physics
hared by Andrey Geim and Michael Berry
The Physics of Flying Frogs
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Abumo

Kostya Novoselov

Kostya Novoselov/2010

Andre Geim/2010

Sumio lijima
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Editorial by M. Monthioux, V. Kuznetsov
[Carbon,44,1621,2006]

L. V. Radushkevich and V. M. Lukyanovich
[Journal Phys. Chem., 1952]: 50 nm.

MYPHAJ PHIHYECKOH XHMHH v XXVI, sun. |

B ———————— —

0 CTPYKTYPE ¥INIEPOJA, OBPASYHMIEMOCH IIPH
TEPMAYMECKOM PASIOEEHHHE OKHCH ¥TLJIEPOIA
HA BREJEZSHOM ROHTAKRTE

L. K. Podyuiseaus o J .'H} I T T e
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Vol 43810 November 2005 |doi:10.1038/nature04233 b ; natare

LET TERS

Two-dimensional gas of massless Dirac fermions in
graphene

K. S. Novoselov', A. K. Geim', S. V. Morozov?, D. J:'[ang', M. I. Katsnelson®, I. V. Grigorieva', S. V. Dubonos”
& A. A. Firsov”

Vol 438|110 Nevember 2005 |doi:10.1038/nature04 235 natare

\ g\ LETTERS

Experimental observation of the quantum Hall effect
and Berry's phase in graphene

Yuanbo Zhang', Yan-Wen Tan', Horst L. Stormer' & Philip Kim'
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nature news home | news archive | specials | opinion | features | news blog

comments on this Published online 18 Movernber 2010 | Mature | doi:10.
stafry

Nobel prize committee under fire

Stories by subject

* Physics Errors lead to accusations that committee did not do its
¢ Palicy homework before making the 2010 award for physics.

Stories by keywords

de Herr napi
Komitetu Noblowskiego

* Konstantin Mo

This article
elsewhere
® Blogs linking to
this article S ture that
tial in the

ey Add to Connotea alactronics,
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T Science
2004 m AAA

LA

K. S. Novoselov, A. K. Geim,S. V. Morozov, D. Jiang, Y. Zhang, S. V. Dubonos,
I. V. Grigorieva, and A. A. Firsov

Electric Field Effect in Atomically Thin Carbon Films

'HE JOURNAL OF

Y SICAL CHEMISTRY

J. Phys. Chem. B2004, vol. 108, 1991219916

Claire Berger2 Zhimin Song, Tianbo Li, Xuebin Li, Asmerom Y. Ogbazghi, Rui Feng, Zhenting Dai, Alexei
N. Marchenkov, Edward H. Conrad, Phillip N. First, and Walt A. de Heer

Ultrathin Epitaxial Graphite:
2D Electron Gas Properties and a Route toward Graphenebased Nanoelectronics
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Discovery of graphene

Crystal structure

Graphite band structure calculation

Isolation and observation of freestanding graphene
Official naming of graphene

Graphene on transition metals, carbides

1 "l
VY jivd

Walt de Heer
Georgia Institute of
Technology, Atlanta

Identification of:
“monolayer of graphite”
“single-crystal plane”
“two-dimensional graphite”

Graphene-based electronics conceived

Gateable graphenes
Emphasis on transport
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Debye P, Scherrer P (1916).

Wallace (1947) (includes “Dirac” cone)
Boehm et al (1962)

Boehm et al (1987)

Van Bommel, Surf. Sci. (1975)
Oshima Appl Phys (1977)
Zi-Du Surface Science (1987)...
Rosei PRB(1983)

Kholin Surf Sci (1984)

Gall Sov Phys Sol State (1985)
Aizawa PRL 1990

Magashima, Surf 5ci (1993)
Marchini (2007)

TaC, HfC,...

Forbeaux (1998)

Georgia Tech (2001)
Novoselov Nature (2004)
Transport on transfe
layer graphite
graphene (GOOD FOR

SiC  Berger ). Chem Phys (20

_ Transport gn gra ICpl_'rr:;n-r:.- and f
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Grlibe warstwy 2
Grube warstwy “ M LL:NM Hrlru eru:
GE[IF&sINOVOSElQV
Nature JV jlatN(2007)

r\LLllZijL ]

AT ()ooa)

g-(2000)
Ruo 2009

acja Lhumme
Benjami
Phil Trans.1859
Ruess & Vagt,1948
30ehm & Hofmann'1962
Ruoff 2007
Coleman 2008
hester 2008
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NSF Proposal , 2001
Patterned Graphite Nanoelectronics

3 cytowania naszej pracy w NSF Proposal, 2001
w r-Unych aspektach g

applied

surface science

Z. Klusek, Z. Waqar, E. Denisov, T. Kompaniets, |I. Makarenko,
A. Titkov, and A. Bhatti
Appl. Surf. Sci., vol. 161, p. 508, 2000.
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Zig-zag

K. Kobayashi

R. Tamura, M. Tsukada

M. Fujita, K. Wakabayashi, K. Nakada, K. Kusakabe
K. Nakada, M. Fujita, G. Dresselhaus, M. Dresselhaus
K. Wakabayashi, M. Fujita, H. Ajiki, M. Sigrist

R. Tamura, K. Akagi, M. Tsukada, S. Itoh, S. lhara

Y. Miyamoto, K. Nakada, M. Fujita

armchair

Phys Rev. B 48 (1993) 1757.
Phys Rev. B 49 (1994) 7697.

J. Phys Soc Jpn. 65 (1996) 1920.
Phys Rev. B 54 (1996) 17954.
Phys Rev. B 59 (1999) 8271.
Phys Rev. B 56 (1999) 1404.
Phys Rev. B 59 (1999) 9858.
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Z. Klusek, Z. Waqar, E. Denisov, T. Kompaniets, |I. Makarenko, A. Titkov, A. Bhatti, Appl. Surf. Sci. 161, pp. 508-514, (2000).

Z. Klusek, Z. Waqar, W. Kozlowski, P. Kowlaczyk, E. Denisovet al. Appl. Surf. Sci. 187, pp.

Z. Klusek, P.K. Datta, W. Kozlowskj Corr. Sci. 45, pp. 1383-1393, (2003).

28-36, (2002).

Z. Klusek, W. Kozlowski, P. Kowalczyk, A. Busiakiewicz, W. Olejniczaket al. Acta Phys. Super. 6, pp. 33-42, (2004).
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. Klusek, Vacuum 63, (2001) 139.
. Klusek, et al. Appl. Surf. Sci. 187
. Klusek, et al. Corr. Sci. 45, pp.
. Klusek, Acta Phys. Super. 6, pp.
. Klusek, et al. Appl. Surf. Sci. 252,

NENENENENENENENE N

di/dV [nANV]

L 1221-1227, (2005).

O T I T I T I T I T I T I T I T I T I T
-1.0-0.8-0.6-0.4-0.20.0 0.2 0.4 0.6 0.8 1.0
bias [V]

1893, (2003).

(2004).

Krawndzi e
zig-zag

armchair
STM/STS

NSF Proposal , 2001
Patterned Graphite Nanoelectronics

Semiconducting strip

Quantum dot

conduction band

H

valence band

Simple ballistic FET
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NSF Proposal , 2001
Patterned Graphite Nanoelectronics

Pa Py P

WSTSNBS NBalLlyasSay ayz2d AyidSN

WV latach20022003dzR2 6 2 RYAf A X 0SS G2 Y=z
wGrant zintela w2003oraz grant NSFwv 2004
wPatent w2003
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Confinement Controlled Sublimation

United States Patent 7,015,142
DeHeer , et al. March 21, 2006

Parterned thin film graphite devices and method for making same

Abstract
In a method of making graphite devices, a preselected crystal face of a crystal is annealed to create a
thin-film graphitic layer disposed against selected face. A preselected pattern is generated on the
thin-film graphitic layer. A functional structure includes a crystalling substrate having a preselected
crystal face. A thin-film graphitic layer is disposed on the preselected crystal face. The thin-film
sraphitic layer is patterned so as to define at least one functional structure

Inventors DeHeer; Walt A. (Atlanta, GA), Berger; Claire (Atlanta, GA), First; Phillip N. (Doraville,
GA)

Assignee: Georgia Tech Research Corporation (Atlanta, GA)

f‘f:” 10/860.710

Filed: June 3, 2004

Related U.S. Patent Documents Fll‘st C‘ C‘ S th]llC th],l
Furnace

Application Number Filing Date Patent Number Issue Date -~ g
60477997 Jun., 2003 (—OO"I’)
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Science 22 October 2004 Vol. 306 no. 5696 pp. 666 -669
Science

Fig. 2. Field effect in FLG. (A) Typical
dependences of FLG's resistivity p on
gate voltage for different temperatures
(T=5, 70, and 300 K for top to bottom
curves, respectively). (B) Example of
changes in the film's conductivity o
1/p(V) obtained by inverting the 70 K
curve (dots). (C) Hall coefficient R,
| 0 100| Vversus V, for the same film; T = 5 K. (D)
f - Temperature dependence of carrier
Vg (V} concentration n, in the mixed state
for the film in (A) (open circles), a
thicker FLG film (squares), and multi-
300 yer g ene (d = 5 nm; solid circles).
in (B) to (D) are the
alculated from our mod-
semimetal illustrated by

Ry, kT)
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Vol 43810 November 2005 |doi:10.1038 /nature04233 natare

\ LET TERS

Two-dimensional gas of massless Dirac fermions in
graphene

K. S. Novoselov', A. K. Geim', S. V. Morozov?, D. J:'[ang', M. I. Katsnelson®, I. V. Grigorieva', S. V. Dubonos”
& A. A. Firsov”

Vol 438|110 Nevember 2005 |doi:10.1038/nature04 235 natare

\ LETTERS

Experimental observation of the quantum Hall effect
and Berry's phase in graphene

Yuanbo Zhang', Yan-Wen Tan', Horst L. Stormer' & Philip Kim'
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A moUe Phil Kim powiniehh
laureatem Nagrody Nobla z Fizyki za 2010 ?

Kostia
Novoselov
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H
H H T=1500 K
|
1 H Ir(111)
H
[111] 1 . .
PoczNt ek bada@&@ w G
1999 rok
Grafer/Ir(111)

loffe
Physico-

Technical
| Institute

A. F. loffe PhysicalTechnical Institute

Russian Academy of Sciences
St. Petersburg, Russia

Solid State Electronics Department, Research Institute of Physics
St. Petersburg University
St. Petersburg, Russia
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Available online at www.sciencedirect.com

snuunu@nmunr e
' a

surface science

N5) 1221-1227

Local electronic edge states of graphene layer deposited
on Ir(1 1 1) surface studied by STM/CITS

Z. Klusek *™*, W. Kozlowski **, Z. Wagar=“, S. Datta®, 1.S. Bumell-Gray ",

LV. Makarenko“, N.R. Gall®, E.V. Rutkov*, A.Ya. Tontegode“, AN. Titkov©

Pierwsza pr-ba 0,04
rezul t at w w r 0Kk
powi odga si 1
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Grafen

Potrzebne do koncepcyi pseudospinu

Ef

j\

Mamy dwi e orientacje wiNza@& tzn. mamy
Z chemicznego punktu widzenia nie ma to znaczenia.
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Grafen i struktura elektronowa
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Grafen 't eor /1 a c¢c/l asnego

Jaki e jest widmo energii kwazicz

f( k.,

L.D. Landau R.E. Peierls

Philip Russel Wallace, 1947

=28 -3eV
przeskok pomi ndzy dwoma r - Unymi podsieci ami

/ t 0 = @V przeskok w ramach tej samej sieci

HE = {é. (a?,ibs,i hC) a (as%,js blﬁi s h(){

<i,j 3> K<,
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Grafen 't eor /i a c¢cl asnego

Jaki e jest widmo energi i kwazicz

Single hexagonal layer

P.R. Wallace, Phys. Rev. 71 (1947) 622.

Graphene-1986

Carbon ¥ol. 24, M
Primizd in Greal Brif

EDITORIAL SECTION
NOMENCLATURE AND TERMINOLOGY OF GRAPHITE
INTERCALATION COMPOUNDS

H. P. BoEkim
Institut fisr Anorganische Chemie der Universitat Minchen, Meiserstrabe 1,
- Mimchen 2. FR.G.

The ending -ene is used for fused polycyclic aromatic
hydrocarbons, even when the root of the name is of trivial
origin, e.g. naphthalene, anthracene, ietraceng, coro-
nene, ovalene. A single carbon layer of the graphitic
structure would be the final member of infinite size of
this series. The term graphene layer should be used for
such a single carbon layer.:

r, that the

il
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Jakie jest widmo energii kwaziczNs

IE—-'[ 3 (aSI o hC.) 1 a (as,'iéas,j+b$f) is -Ih.C.)

<i,] 35 < K] s

( ) 2cos(«/_iﬂlg) +4cogau oco%l&x
9
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Grafen 't eor /1 a c¢c/ asnego ||

Jakie jest widmo energii kwaziczNs

1Ky Rozwi j amy funkicly .
otoczeni u punkt|- \w
K \/(
AN, Q/
G £k,
K a4,0
/ (; gh
¢ - f(lZ) dal B o gkaaB ak a
¢ 2
-~ -, _,adp 0O B — «/§a : 2
K,K _h%,o o h=1 JE > (hp, i) Of palh)
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Grafen 't eor /1 a c¢c/ asnego ||

Jakie jest widmo energii kwaziczNs

a0 k)3 0 p-ip 4 1 sf(k) 8g o
— oy < 1 - s
"TEBe(k) o §ohve, O TR 1 0

W. Pauli
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Grafen - struktura pasmowa

Rel atywi styczna zal eUnoS/ pomirndzy energi N,

E= ymd §¢ a"‘

A. Einstein

Przypadek czNstek z zerowN masN spocz

m=0 E=Cp =k
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e

H. Weyl
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UNIWERSYTET Grafen - struktura pasmowa

tO6DzZKI
H, = -?at(sxkX gk, =\§3-at”sf<

W. Pauli
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Masa efektywna
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Grafen - struktura pasmowa

I'rochn ekspe
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Grafen - struktura pasmowa

J3 & 80 16 03 F
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Grafen - struktura pasmowa
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