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“Clean versus dirty graphene ?”

2. From long range to short range disorder
Towards amorphous sp2 carbon membrane

3 Local magnetic ordering (hydrogenation) WWHL,
and metal-insulator transition W

4. Band gap tunability using a mid-infrared
laser field
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The “clean 2D world”
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Klein Tunneling

“perfect transmission
through a potential barrier

of increasing width/depth”

Katsnelson, Novoselov,
Geim

4eif/2
p—10/2
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Berry s phase effects and

guantum interferences (multip

v

Weak localization Negative
Strong localization (Insulating state) magnetoresistance

AG(B)/G(B = 0)

o(L) = 0gc + do(L)

10 Mg
_ 2¢2D OO —t —t/Te
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Additional QIE due to Berry s phase

Weak antilocalization
(Robust metallic state)
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Cooperon (spin/pseudospin dri

Original prediction (cooperon equation)
S. Hikami, A.I. Larkin, Y. Nagaoka,

The spin of electrons rotate (adiabatically) as it moves
around the classical path

0 = ODrude T 00

o= -258 | T AZ()(Qy o) (e — t/e)
0

‘Sn—{—1> _ e—iAQSz/h |3n>

Rt e 7-6_% f(f %S'Odt

+
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Cooperon (spin/pseudospin dri

0 = ODrude T 00
(Qao(t)) =) (s0|RT Is5)(sf|Re|s0)
+ ‘L
54) 4y |50)

- Spin rotates by an angle -7

Spin rotates by an angle +7

Because of the complex conjugation these two

phases add up to a total rotation of 27T

Total Berry s phase
(Qs.0(t)) = —1/2

S. Chakravarty & A. Schmid
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Original prediction (cooperon equation)
S. Hikami, A.I. Larkin, Y. Nagaoka,

Magnetoconductance

G. Bergmann,
AG(B)/G(B =0)

0.0054". Au /O%Au
1.0 ’ ~. Mg J.J'

k Thin Mg disordered metallic film
' H, /R (onm thickness!) —weak so-coupling
with Au impurities (strong so coupling)

0042 A

Experimental observation of
Weak antilocalization

.08 -06 -04 02 0 02 04 06 08

Stephan Roche  July 2011
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Weak antilocalization in

F.V. Tiknonenko et al
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Weak localization in 2D grapiién

E. McCann, K. Kechedzhi, V. I. Fal’ko, H.Suzuura, T. Ando, B.L. Altshuler,

Quantum interferences correction (WL/WAL)

—1 —1 —1
Ao =e?/7mh — ‘5 — 2
(B) = ¢2/mh { F(Zx) = F( =) = 2F (=)
Ti  intervalley scattering time
Tw trigonal warping scattering time F(z)=Ilnz4+W(1/24+1/z2)
—.intravalley scattering time _ .
5 digamma function
8 = h/2eDB
. . K¢ KE
Introduction of several phenomenological = ;=1 4 =1 4 =1 = ;=1 e

W g l

parameters which can not be computed Kb/ K
1 1 1 -1 — 2 2122 p s(K_p)=¢(K ,-p) =
analytically from a given disorder model T, = 210(e" /7). G [

s(K_praK -p) e(K, p)#e(K,,-p)
—1 P 77l =477 -1
4TLL‘|—2T =d4r, 1121, KQL_ —————————— .
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The real “dirty” graphene ¢




CVD graphene film transferrn 5102

How does it looks like ?

Mesoscopic scale
AFM image

“Different thermal expansion of the Cu foil and the graphene
sheet result in the formation of a few nm high ripples. Locally

cracks can form during the transfer process and occasionally
one is left with PMMA residues”




Graphene Chemical Derivati

Turning graphene to a
true band insulator vs mobility gap material

T K
Band insulator L s
(towards ) G-g i
N e,
D.C. Elias et al., 10} wov06 4 o ,
0.2 04 06
1/T'B,1/KV”
Metal =——f——=Insulator N
(a) clean (b) 3.1x10" (c) 4x10" (d) 6.1x10"
Anderson insulator E |y . B |
A M A
(low hydrogen coverage) (e B i o
A. Bostwick et al., °‘.,\ 2 " 7w |

Momentum
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Ozone treatment of Graph

J. Moser et al.,
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Gate-dependent Transport
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Disorder Engineering of new
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functionalit

Bandgap engineering (chemical functionalization)

100
Electrochemical switch —— !
— ! _firsta
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J.C. Meyer et al,,

J. Bai et al., L. Zhao et al.,




Complexity & Computational ¢

« Enhanced structural & electronic complexity at the nanoscale
driven by disorder (defects, deformations,chemical reactivity,...)
« Randomness of defects distribution
o If quantitative prediction is targeted
Simulation of very large system size
1um? - 10 Millions carbon atoms

Theoretical modelling & simulation

 First-principles calculations - accurate predictions of structures,
electronic properties, description of impurity states, ...

 Reduced Hamiltonian (tight-binding,..)
* Order N implementation of transport methodologies (Landauer, Kubo,

Stephan Roche 2012
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Kubo formula in a nutshell /

~ ~ D ~
Electronic system is described by Ho = QP; + ) with spectrum £, | \ k)
m

Perturbation : applying an electric field

6—,» iy S Transition between states of the system at equilibrium
= &0 COS Wiy (to the first order of time-dependent perturbation theory)

Ty = BEAS Ly — 1o+ 67

2m

Perturbation 57:[ = %Af’ = —@(eiwt — e_th)IA/'w (Coulomb gauge)

29w

Transition rate from k to q reads

t
i(er.—e, )T » 2
p(t) = ] iler—0) /M (1|57 q)|

— h 680 2‘ k|VIQ>‘ (0(er —eq +Iw) +0(e, — 4 — hw))

Transition induced Transition induced
energy loss (emission) energy gain (absorption)

Stephan Roche 2012



Kubo formula in a nutshell

Total absorbed power by the system is computed by evaluating
Allpossible transitions, accounting for state occupancies

_ 7'('6280
hw?

—thfql—fk K[V q)| O (ex — &, — iw) +hwY foll=fi) K[Vl )| 8(e, — &g + )

kq

%ea(w):%: QWSFL fq ‘(k|V|q ‘ O(er, —eq — hw)
kq

Kubo-Greenwood formula of quantum conductivity

2 oo A~ AL~ 2
Reo(w) = 2mch / dE LB T B [y §(F — H)V,0(E — H)]

Stephan Roche 2012
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2 oo ~ ~
Reo(w) = 2mh f dE I BT v 5(B — H)VL(E — H))

04e = €*n(Ep) lim L AX?(Ep,t)

t—>oo

Te[[X, U(1)]T6(E — H)[X, T(1)]]

Tr[6(F — H)]
\1' /[Af(t _ R h
(PrP(t)|0(E —H) (t)) — X(t) =T X(0)e "
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Time-evolution of wavepackets dynamics

Conductivity
D( E t) — (X(t)—X(0))*) Diffusion coefficient using Kubo approach
) t
2 . d 2
Ode — € P(E)tli{élothX (Ea t)
10°
- -
2 10' |-
2
e 10°'F
@]
O
R ||-.:|.’n > Total evolution time|3 [ps]
'l 0'3 | | | |

102 10° 10* 10° 10® 107 10%

Number of atoms

H. Ishii, F. Triozon, K. Hirose, S.R.,



1. “Clean versus dirty graphene ?”’

2. From long range to short range disorder
Towards amorphous sp2 carbon membrane

3 Local magnetic ordering (hydrogenation)
and metal-insulator transition

4. Band gap tunability using a mid-infrared
laser field

Stephan Roche 2012



Long range versus short rang

Long range potential Short range potential
Intravalley scattering Intervalley scattering
(short momentum transfer) (large momentum transfer)

e )= \'\- \ )
/(;r’ Divacancy ) \
[ * Mean free path (el density) \ 39 .
* Quantum interferences \N_/ @ .\\ ;
& Localization phenomena N/ T\

* Anomalous vs conventional QHE
(Mirlin)

Stephan Roche 2012
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onsite energy fluctuations within W

K_N\C K4 i € [_%7 _I_%] 5E

w Uniform probability

(short-range potential)
SEE[-W/2.+W/2]

20
16 S
S No disorder
g Agrees with analytical result | " w00
0 . 12 “I: ------ Boltzmann
> With Disorder .
v 8 *) As W is enhanced 5
8 , DoS increases close to CNP éﬁ
*) Close to VHs 5
Smoothening

(disorder-enhanced Scattering)

Energy (units of £g)

Energy [eV]

N. H. Shon and T. Ando,
Note : no shift of Fermi level

Stephan Roche



(Kubo)

ozz ~ TH{wzSMG(E 4+ in)ve,SmG(E 4+ in))conf.

(G(E)G(E")) ~ (G(E)){G(E")) (semiclassical approximation)

>

S(E 4+ in) = A(E) — il (E)

N. H. Shon and T. Ando,

(2 spin * 2 valley degeneracy)

Conductivity (units of e2/n2n)

o(B) = 51+ (B2 + L) Atan(E72)]

Energy (units of ep)

Stephan Roche 2012



Quantum Diffusion

o5 13
Time [ps]

’ From the maximum of diffusivity

gsc = BQP(E)’U(E)Ee
D ~J UFE@
p(E) = osc(E)/en(E)

Stephan Roche 2012



Semiclassical part of the conductivity-from Kubo approach-
(short range scattering)

i Long—Ran‘ge Scatterers EL/SO =50.0 ]

[ W-1 —— SCBA
30 |- 500~ e Boltzmann |
20.0 ]

100

n
(4]

N
o
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[&)]

-
o

Conductivity (units of e2/n2h)

0 O-é | -1 I 0 | 1 | 2
-4 -2 0 2 4 Eneray (units of en)
Energy [eV]
5 N. H. Shon and T. Ando,
osc(Ep = 0) = 4e</(hn)
agrees with SCBA P. M. Ostrovsky, I.V. Gornyi, A. D. Mirlin,
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D ~ ’UFE@

y ,

— 2 K
Osc — € P(E)U(E)ge T> I [0-0 W=1.5E=0.1cV
. i =1.5;E=0.0eV
5 f|zsuy
— 1" "
u(E) = osc(E)/en(E) 2 o
K17;{<t' 2
NS L 4108
o/ | 3
Umom 1 =3 Energy [eV]
g 5 ; —
" ML: 0t B *) Divergence of mfp & mobility as E; moves towards CNP
I AN K 3 < o . .
e 8 *) M.oblhty changes agrees with experimental data for poorer
] = quality samples
[~/ Ki%0
I\M | | . Experimental data by Ph. Kim (columbia)
4 2 0 2 4
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Quantum interferences ef .

Localization effects -

-2D scaling theory of localization-
Lee & Fisher,
. o(L) = osc — Ao (L)
l | o—© W=1.5:E=0.1eV
0.2 |8 W=I1.5E=00cV . .
g | 6o W=2.0:E=0.0cv (quantum correction scaling)
o\ L L i 1
0 1
Time [ps] AO'(L) — (GO/’T(') In(L/Ee)
B8 W= le+06F T T y T S — . ]
AR ® R ®)
F*—* W=2.5 Les05 o ANV ]
e+ 3 - = . . . .
Sk 1 E (localization length) is defined by
— 10000 § I " o o
g | AO'(L — &-) — Ogc

-4 l -2 l 0 l 2 . 4 4
10004 Energy [eV]
A (e
A\ ' L
100 ‘ i

§ = beexp(mose/Go)

A. Lherbier, B. Biel, YM. Niquet, and SR,

2 | 2 L 1 L
10 - 0 2 4
Energy [eV]
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H = ZVa|a Oé|+7026 “as | o) (3

(a,3)
Long range (Gaussian) potential
x 2600
5 5 2550 .~ W
Vo = ity €iexp(—|ra — ri[2/(262)) s
o, 10K » /
e [~ W/2, W/2)(vo-unit), W = 0.5 — 2 O'S\i N
£ =3a =0.426nm )= —2.7eV u005 », '
-0.5} v 5 ‘
= N;/N = 0.125%, 0.25%, 0.5% 210, |
1200
Sample size S ~ 0.3um? ”0
y J - .

W (depth of onsite potential ~screening)
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sol(a) ' At B=0 the Diffusion
: shows onset of localization
(time-dependent decay)

15 . I . I
(d) W=2.0 »
I I —_— = '-_F-_. =
0 3 6 9 D ol Pt
Time [ps] = ..—5:? |- 2
= =2 7
i E, | < e
Quantum interferences o sL ry oS o Em H
are suppressed by increasing magnetic field = 1§ - x  E
-’FEI!D N =T
S [ E
D-'ﬁ I l I - I
l. €19,20/nm 0 0.1 0.2
B [Tesla]

Stephan Roche 2012



Tuning the disorder and va

| |
80 (a) —
Jﬁ*t:-
L7517 S
g I[—= oo00T I
O | 0.027 T
- 70+ 0.055T —
fl-— 0.082T
| 0137 T
| — 02067 W=2.0 _
65: 0.274T
| |
0 3 6 9
Time [ps]

At W=1.5 a crossover is observed

350

300

250 H]

200

W=1.5
I |
3 6 9
Time [ps]

On the Diffusion coefficient behavior

% [CNY

Institut Catala
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At W=1 the transport regime
does not reach the diffusive regime
within computational time

2500 | |
(c)
2000} S
1500 7 |
s
£
1000+ . — - — - — > — - —3
_;!’_._ e
500 f7 Wet 0 -
0 l |
D 3. E 9
Time [ps]

Stephan Roche 2012



Crossover from WL to WA

E=0.049eV
E,=0.097eV
E,=0.146eV

A0 [microS]

—a
=

on

[k
SR
[}# Hg'\\ﬁ ix"“,:-c ]
kY &
52
10 \&\”\% —
o
20+ -
| |
0 005 0.1 015
B [Tesla]

_________________________________________________________________________

F. Ortmann, A. Cresti, G. Montambaux, SR.
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Not WAL !

(ballistic regime
Klein tunneling activated)

Ac(B) <0

=
-1 G[}‘;

-150

-200

0.05
B [Tesla]

0.1

Stephan Roche 2012



Quantifying the epoxide de’y ? *ICND

J. Moser et al.,

Oz0one fluX e—
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. 2D -7 ot
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L N1 1111
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— 100K
40K
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T 1 | |
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Epoxide defects

Ab-initio calculations +TB reparametrization

Epoxide defect
SRS S ¢
Lof S e
’ ’_"v—t:__:s—o’_"
—~ 0,5
% T T T T T T T T T T T
22 0,0 0.8- Van-Hove singularities .
> ~ - r nin
3 ~ / broadening
M o5 o~ 0.6~ . : . -
. - Impurity states driven DoS increase
>
-1,0 ; f 2 0.4¢.
K’ T M K T 5
0.2
N. Leconte et al, 0
-3 -2 - 3

0
E (V)



Does Boltzmann conductivity ¢

Dirac Point Physics?

Fermi Golden Rule

ODrude(F) = (462/h) X kl.(E)/2 Approximations

_ 2 -all multiple scattering interferences
p(E) - 2‘E|/(ﬂ- % (hUF) ) -DoS unchanged

Ot rude = 2€%/h(\/TC, V,/e)le Cy~1.15 x 1074Fm™2

| T | T
5 i i 100 l £ 3
p (k) 62/h ~ (6/6“)_1 Lok : I I E ]
5 / \E | |
AT S |
— 1E
2 FE
é L
20 ‘ o
l ( 20 K
5 ()(\ 31 ,’ // 0 1
¢ oz/ﬁ \ /
I/ /
2 0 6
n (10" em?) n (10" em?) 0.01 2.'0 ; 4I0 ' 60
L. Ponomarenko et al: V,(V)
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Limit of Bloch Boltzmann apg

0hruae(E) = (4€?/h) x kle(E)/2 o(E.t) = (¢?/2)Tx[5(E — H)|D(E, 1)

1000 1000

wor

UDrude( ) — 1/77%

V" / fs)
|
|

._
=
IR} Ea

1 IIIIII|] 1 IIIIII|I | |

100 100 = |
- 0.1
_— " 0.01:L : . ‘ : )
) 0.1 % L. L -~ - 0 00 1000 1500
= 10 AA 049 % Minimum conductivity O 10F ‘ =
& o (self-consistent c E ——e5,""D, | 3
% - - i =~ ——= 1000f .
: Yk 44300 Born approximation) i 2/Tc - 23 1500fs 7
2/7-[ < 2 ) -.——.-—.—ﬂ—.——.——.-——-.
4i h_‘#s"_’;:t:uﬂ::!::;_:_
0.1 mh 0.1 4.42 %
20 30 40 50 60 20 30 40 50 60
V (V) V. (V)

N. Leconte et al,
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N. Leconte et al.,
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Towards Amorphous Grapk

J. Kotakoski, A. V. Krasheninnikov, U. Kaiser,]. C. Meyer,

Stephan Roche  October, 2010
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TR SIESTA ab initio calculations (red)
< e ¥ TB-third nearest neighbors (black)

Stone-Wales
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Defect fingerprint ' #|CN?

nm )

DOS (V"

R S

Energy (eV) | Energy (eV) )
Each defect has a specific fingerprint, %ﬁ* o= )

from an experimental curve,
one could unravel the precise nature
and density defects

-

=

Loy —
=

=

T

e

| e=F—

L \:\ ]

4+ A i

[ \ A T

2f ) \ i

-600m)\ I ! ]
i i M L 1 "
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_Ener (eV)
Ugeda et al, o

Stephan Roche 2012



o% [CN"Y

Institut Catala

de Nanotecnologia

Dz (E) = v(E)(E)
0se(E) = e?p(E)D s (E) /2

p=0sc(E)/ne

T T 1
0.10% SW/335-777
— 0.25% SW/555-777
— 0.30% SW/555-777
= 1.00% SW/555-777

I
)
—
=

5

-1 -

8.8, 8.8 1
052420253525
! .','.‘.'.'!'.‘.‘.'.‘!'.‘!‘,‘!‘
{ be P P ..‘.:.:

-

Mobility (cm™V

<S030 33I4I4I4T

A. Lherbier et al.,
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[
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Conductivitv (2e2/h)

1.5
Carrier density(10**cm™2)

0.10% (300°K)
— 0.25% (300°K)

H —  0.50% (300°K)

— 1.00% (300°K)
2/n

4e|2/7rhl

1 05 0 05 1 15

Semiclassical conductivities

Usc(E) — 62P(E)Dmaa: (E)/Q

Upon increasing defect density
Drude conductivity decays until it reaches
its minimum value

1 oue ~ TrH{wSmG(E + in)ve:SmG(E + in)) conf.

(G(E)G(E")) ~ (G(E))(G(E))

(semiclassical approximation)

Stephan Roche 2012



Quantum interferences & log

5
1 il
4
e 0.8F il
=
‘.'} éo,s - “
E) Q
p 2 < 0.4 F .
a
! 0.2 2
0 0 i | |
-2 0 0.5 1 1.5
Energy (eV) Time (ps)

Transport regime tuning from diffusive to Weak / Strong localization

g(E) — ﬁe eXp(ﬂ_UDrude/QGO)

A. Lherbier et al.,



1. “Clean versus dirty graphene ?”’

2. From long range to short range disorder
Towards amorphous sp2 carbon membrane

3 Local magnetic ordering (hydrogenation)
and metal-insulator transition

4. Band gap tunability using a mid-infrared
laser field
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Room temperature ferromag

APPLIED PHYSICS LETTERS 98, 193113 (2011)

Room temperature ferromagnetism in partially hydrogenated epitaxial
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Absence of magnetic order
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Spin-half paramagnetism in graphene induced by
point defects

R. R. Nair', M. Sepioni', I-Ling Tsai', O. Lehtinen?, J. Keinonen?, A. V. Krasheninnikov?3, T. Thomson',
A. K. Geim' and I. V. Grigorieva'™

Here we show that point
defects in graphene—(1) fluorine adatoms in concentrations x
gradually increasing to stoichiometric fluorographene CF,_;,
(ref. 17) and (2) irradiation defects (vacancies)—carry mag-
netic moments with spin 1/2. Both types of defect lead to
notable paramagnetism but no magnetic ordering could be
detected down to liquid helium temperatures.
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Observation of hysteresis loops of the magnetoconductance in graphene devices
A. Candini, C. Alvino, W. Wernsdorfer and M. Affronte,

330?-\ (a) Vg=1.90V },‘
h P
- ' : ' ' : T g %25 T\ //‘/
1 6 \ - : /“'::/v.' J
32.0 \\\\\ I,,.\/-u-/v/ 2 <
as | WY
0
=" 43! (®) s N
/ \
© /'/// \
0 42! p 7. \\:"\_
5 / ’ X
a1 ,'_/ E.
/ Vy=2.05V :
4 y
40
Vg (V) (c)
39.0t
I3 . . . -
the hysteres.zs loops reflect the magnetzzat:‘zon reversal R o RN ESPPT LT
of the localized moments, as the conducting graphene  © o .
layer detects the magnetization behavior through its 80! 505 Tis V1.9V

1.0 05 0.0 0.5 1.0

magnetoconductance.”
l‘oH (T)

Defects ? (vacancies....)

Stephan Roche 2012



Lieb s Theorem o ICN?

de Nanotecnologia

E.H. Lieb, Phys. Rev. Lett 62, 1201 (1989)

M= tclcio+ U (Rir(fiy) + R (Rar) — (fig) (fy)

)0

Theorem (repulsive case) : If the lattice is bipartite (t couple only A sites with B sites),
Assuming number of B larger or equal to number of A sites (and number of electron
=total number of sites (half-filled band), then the ground state of # is unique
withspin S=1(|B| -] A|)=1A4p
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Describing Hydrogenated G -
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Hubbard Hamiltonian

Single = band with a repulsive Coulomb interaction between
electrons with opposite spin occupying the same orbital

Y ijo teloCio + U s (Rig (Riy) + fiy (ig) — (Rig) (i)

[/ > () constant one-site coulomb repulsion raising energy by U
when 2 electrons occupy the same orbital

(Rit) = /dEf(EF — E)pir(E)

fiy = ¢l ycin

it = Un;+) (1 — (ny
(Mio)o = H = pig = (Ri) eir = U( T>(1 (iviy))

M, =
self-consistent occupation numbers 2
for spin-down and spin-up electrons
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Spin texture around Hydrog

Case studies low H- coverage

Absence of any (local) magnetic ordering
Local Antiferromagnetism

Local Ferromagnetism

(1 H per unit cell)

(2 H defects on sites A and B)
(2H grafted on the same sublattice A)

0.06|- .

0.04}*

0.02}
"} 0 —.’.\.}w_-—

-0.02 -
-0.04 |-
-0.06 |-

| (a)

1 (b)

or applying magnetic field

0.06 |5

0.04}-,

0.02}-

" o, ’,\M .

-0.02 |-
-0.04 |-

-0.06|

n, =0.3%

|

n, = 0.4%

|

n, = 0.4%

|

0

10
r (A)

20

30 0

10 20

r (A)

30 0

10 20

r (A)

30

Local (site) spin (s) versus r (the distance to the center of the supercell)

Stephan Roche 2012



ot (B, t) = (e2/2)Tr[0y, (E — H)| Dy, (E, 1)

Spin-resolved DoS Spin-r esolved diffusion coefficient

ol AL s T 3 L B R R Neglecting quantum interferences
: 1 i ** 025% {7 Feee
1:::'_ el nage T _|i|". “Dzﬁg"rl"'-l- | -
H:E:::: II' -Ili DI'Ude
- & b—n-:-":‘: 11 Ii||- O-T % O-J/ .||.|IlI 1 O-Thlr (E) ™~ 1/7133

For the local ferromagnetic ordering
spin splitting and o4 £ 0 1

=T1(G,)
C
-

= ,

i __] U]T)r“de(E) + a?rude(E) > 4e? /7h

D. Soriano et al.,

Stephan Roche 2012



o% |[CN"

Institut Catala
de Nanotecnologia

GAF _ 0%41? n 0141?

Ground state

F _ _F F
o = UT —I_O-i 2k =u035% il
051 %
Excited state (applying B) oF -
005 0005 0 0035 0,05
E-E, (V)

D. Soriano, N. leconte, P. Ordejon, J.C. Charlier, J. Palacios, S.R.

Stephan Roche 2012



o% [CN°"

Institut Catala
de Nanotecnologia

|2 T T T T -
_— - - == 3 | e tatD
SETRINSS Fevid I - —* =250 fs
“.‘:‘...“H’!t\_\,\_,» 45 s 0.15eV —l}:fg:;fg 14 15k . . |
”[ a [P
] I IR B
m“é 3L 0 1000 2000 3000 | =
; E —s0.0eV =
B site A 0.8% |asq15ev
03eV | 1]

n

—
e o S

Manchester s group

a atomic H 0 1 | 1 | 1 | 1
exposure 0 1000 2000 3000
t(fs) %3 -0.25 0
E-E_ (eV)

0.25 0.5

The disordered graphene turns to an insulator

Conductivity strongly decay at low temperatures
n, = 0.25% and 0.8%

f(E) — ge eXp(ﬂ_JDrude/QGO) £(E) ~ 8 — 15nm

N. Leconte, D. Soriano, S. R. et al.




o% [CN°"

Institut Catala
de Nanotecnologia

|| Spin Splitting

IS s il il ot
0.08 =004 0 0.0

R e
4.5 - %3 03 02 01 o0
E-E. (V)
i 08% - , _
f T kubo > 4e? / 7h Suppression of quantum interferences
. —-01eV | |

] Hf}ﬂim 1:;"-.-’ |

/ —a0.13 eV The disordered graphene remains metallic
3 | conductivity insensitive to localization

E ) Effects at low temperatures
0

0 2000 4000 6000 _
t (fs) N. Leconte, D. Soriano, S. R. et al.

Stephan Roche 2012



1. Welcome to the world of “dirty graphene” ? §

2 From structural defects to amorphous
sp? membrane (transparent electrodes ?)

3 Local magnetic ordering (hydrogenation) ">

and metal-insulator transition

Band gap tunability using a mid-infrared

laser field
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