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OUUTLINE

e Transistors (From Ge to ()
e Importance of Graphene

[ monolayer Graphene
e Bilayer Graphene

[ Bilayer: a good condidate
for FET
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Wallace Phys. Rev. 104, 666

Geim et. al. Nat. Mat. 6, 183
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}

® Carbon: smallest atom in group 4 t?’” . w—u . —
C:1522522P P Ry
N - " ;

© \':“_F_;—; ~t* 'J“"._h : »

sp2 orbitals which makes c-bond
p, Orbital which makes m-bond




GIRAR kN i

Crystal
upto nm
sizes

Good
condidate to
make
transistors

Hig
mobility

~ 105
cm?2/Vs
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GRAPIZNES nONE Y COmis LAY T1CIE

® Honeycomb lattice is not a Bravious Lattice

/

® Hoping of P, Orbitals
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GRAFPIENE: |5 MUDEL

@ Taking Fourier Transform:
. E, [G))w
— ik.r, H V4 _ p _ [ A)
C, (k) Zilca’ie E> [WB} [f*(k), Ep ] W
f(lg) _ 7/[1+eil€-al +eil€~&2]

E(k)=E, i\/3+2cosl€-5z1 +2cosk -a@, +2cosk(d, —a,)
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GRAFINIENE S 1504,

resiprocal lattice
~=— points

L
1. Brillouin zones

Two independent K-Point
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GIRAFTIEING, LU W CNCRG s L b

® Expanding the function f(k):

By =v. (k. ik )
f(k)=v,(k, tik)) e
E> H:Zc}.l}'

® massless Dirac Fermions E(k)=v.k
v, ~10°m/s ~c/300

® Where ¢ is the Pauli matrix for pseudospins

14



GRAFIENE: CrALl o

H:Zé.l%’ I:>
k

® Absence of e-backscattering:

1 1 i(k.x+k,y) r 1 i(—k.x+k,y)
Energy %(7’)=—( .Je A= e "7
ip i(7—p)
D \/5 se \/5 se
a 1 i(q.x+k,y) b 1 i(=q,x+k,y)
- S v,(r)=—7— e+ — e T
@ Yo EE I \/5 ¢l \/5 ¢ im0
X
t (1 i(kx+k,y)
y 5 WIII(F):T( irpje y
I I ] 2 se
ey L P
ol

x s=sgn(E),s'=sgn(E~V,),0 =tan"'(k,/q,)

Castro Neto et. Al. Rev. Mod. Phys. 81,109
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GIRAPIICINES RCHN PARADUR

cos” 6 cos® i
[cos(Dq,)cos ¢ cos 6] + sin*(Dg,)(1 —ss' sin dsin #)°

T(¢) =

J T q T T T Ay o T P h T T~ T 1
08— —
- & r s - ] i ]
& [, N Py i
= b , v |—= v =200 mev ) |y
04l | F a *, i 4 —
| Ny — V¥, =285meV e L i
[l_-\' _.I J £ II_
: | | | | | L | | | |
X 60 -4 } -] )15 ) 45 6D ()

® Quasi particles can not be trapped |::>
your PC will not turn off
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Bilayer

Graphene




SLGE BIERINAL 5 TACKRING

® Most possible config.
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FhG | SINGING MO DIC L

H =—t Z (aTm’l.’Gbmj’(7 +H.C.) —tLZ:(cale,j,Gczz,j,(y +H.C.)

<ij>mo jo

—tv, Z (aTLi’sz’j’G +H.C.)-tv, Z (aszi’GbLj’G +H.C.)

<ij>mo <ij>mo

—tv, > (b', b, +HC.)

<ij>mo
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AOP NG CUER = HCHeN |

=
Il
]

Y T1 Ta Y4 A

Kuzmenko [147] (IR spec.) 0.378 0.015
(0.005) (0.005)
Kuzmenko [164] (IR spec.) 3.16 (1.381 (.38 (.14 0.022
(0.03) (0.003) (0.06) (0.03) (0.003)

Zhang [165] (IR spec.) 3.0 0.40 0.3 0.15 0.018

Malard [166] (Raman) 2.9 0.30 0.10 0.12
Malard [167] (Raman) 3.0 0.35 0.13 0.13
Min [168] (ab init.) 26 =034 03
Gava [169] (ab init.) —-3.4013 03963 03301 0.1671
Table 1. Tight-binding parameters for bilayer graphene, given in V. Methods of determination of the parameters

include infra-red spectroscopy (IR spec.), Raman spectroscopy (Raman), and ab initio density functional theory
calculations (ab init.). Note that Min et al. claim that 7y, varies slightly with the interlayer potential 7. Bracketed
values are stated uncertainties.

T.Chakraborty et. Al. advance in phys. April 2010
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OIS I
Fourier transform:

A AGY) Lo owf k)
[y A vk vfk)

. wfte)y A (k)
v f(k) vf (k) f(k) —A

H=>YY(k) ¥ (k)

LPT (k) = (aTl,k,cr 2 le,k,cr 2 aTZ,k,G > bTZ,k,G)

J (k)= fze’k'd" =VqP(q)

21




SILG: MO

@ Dispersion Relation:

2 2
g’ =vp’ +%+VT—\/v2p2(V2+tf)+tl4 /4

® Independent of ®(k)




LG LU ENERG ) mUDE

Low Smaller is
Energy is (usually)
preferable l simpler
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£=5AND LOW ENERG 1 MODIEL

In low energy limit (& <<t,):
H=K,+K, +K,

vi2 0 ¢ 0
o | 0 V2o 0 0 pe’ 0 wpe”
0= / 0 -—V/2 0 K = f(k) 0. v,pe” 0.
0o 0 0 V2 0 wpe® 0 pe”
v, pe’ 0 pe” 0

0 0 0 0

0 0 0 wpe’

K, 3P

0 0 0 0

0 vwpe” 0 0

24



LOW ENERG ) 2=5AND sODIC L

using degenerate 2" order perturbation:

([|BHB[I") = (1|BLK, + AK, 1B 1)+ A° <l

=

1 '
hKE——— bRk l >

0

Hzowz_l( 0 (ﬂT)2)+V{O HT]+V(1 Oj
2m\ ()’ 0 r 0) 20 -1

McCann et. al. PRL 96, 086805
Nilsson et. al. PRB 78, 045405
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FERSIONS T RIS AL
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T.Chakraborty et. Al. advance in phys. April 2010
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SLG: BAND GAF

Experimental evidence of the gap:

00125e 003508

EEETFEE { A
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Ohta et. al. Science 313, 951
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iGN OIDE O § e, GAP

® Low energy band with the gap:

2 2
g’ =v2p2+%+VT—\/v2p2(V2+tL2)+tL4/4

(v
Ve+t,’ at momentum:

=
g V ~.2elV

U=

) _ V:Vv:+2t’
4y? V2+tf

pP
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SHASKED BILG

Gate Voltage
Change the Using Dual 2 tuning
Fermi gated BLG: parameter

energy.
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SHLA L R AP P ILICART IORNS

Digital Electronics
Pseudospintronics

Terahertz Technology

Infrared nanophotonics




GAFPLIESS MUNUILAT ER

SLG is On/off || We need
Gapless || ratio ~ 5 Gap



SUGEGIES UN 1U PRODUCE GArF

Uniaxial Strain

Substrate Interaction

Lateral Confinement

Biased BLG
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GRAFINIENE NANURES 50N

N
e Gap~Hundereds of meV

e High On/Off ratio

Advantages

e Low mobility
e Undesirable shape

Disadvantages

35




S

Gap upto .3eV

Silicon oxide

On /Off rat]O: (1 00'2000) Silicon back gate

Nano lett. 2010,10,715
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