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Emergence of graphene Ty

Electric Field Effect in Atomically Thin Carbon Films

Novoselov et al., Science 306, 666 (2004)
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Carbon nanotube

A. K. Geim and P. Kim,

Sci. Am. April, 90 (2008)
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Graphene: Exploring carbon flatland
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C. Zhang and G. Jin, JPCM 25, 425604 (2013).
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1. Background: Physical picture of excitons

a quasiparticle = an electron in conduction band
+ a hole in valence band with Coulomb interaction

272 2v72 2
_h Ve_hvh_ € ]@(rejrh)Efb(re,rh)

2m., 2my,  €|lre — 1y
play important role in the optical properties of semicondunctors

Jdam

Light
- it Bt

{*‘?)At low density, excitons as bosons — Bose COIldf?nSatlon



1. Background: Exciton condensation
proposed by Keldysh and Kopaev in1964 and studied by Soviet physi€ists
L. V. Keldysh and Y. V. Kopaev, Fiz. Tverd. Tela 6, 2791 (1964)

since then a lot of experiments on this subject

o oe
wvvv»scgo ®

9% % ® By 714 meV light . . experiment
o ® ° ¢
:. drop owbryo $ o, on Ge crystal
R o . &5 w5000 ° %0 %0,8% o luminescence
#° Rospe 0% Svanns 700 meV light °
o ® 8 ° VAN me 1g _
rrrileo 8 ‘%.g.go . 320. 288 “ 2 . Electron-Hole
exciting |g © ° °/ e® macroscopic © ©°°© Condensation in
light |gq e, excitions | o electron hole liquid o _
O & ° g oo\ % 0o & smicons o Semiconductors,
be O ® eo0 o ()
o ° 0o ©® o ° o e©° ;
W;O& o & ® oo 0 S0 0023 °%s o C. D. Jeffries,
o biexcitions © "®oe O eo0eo0O Science 189, 955
®ce¢ ® — oo ° o o0
WA~ G o [ J
%0 o o o & ®W oo 0®° o (1975)
o hole e clectron oes exicion

/. still no direct evidence due to lack of interference
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1. Background: Excitons in double quantum wells

LETTER Nature 483, 584 (2012)

Spontaneous coherence in a cold exciton gas

doi:10.1038/naturel0903

A. A. High!, J. R. Leonard’, A. T. Hammack', M. M. Fogler!, L. V. Butov!, A. V. Kavokin®?, K. L. Campman* & A. C. Gossard*
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H &
TR
— BEE
P2
iP5
FFAL

Zt y: (GIW(B)

75 q“- ‘—4‘15
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2. Exciton condensation in graphene bilayer:
Previousur research

gate ; +V/2
%yef hn BIEDs

e ST e
Si : . //, \\\ |

gate E _Vg/ 2 %o = 20 00 20 = 40

k/k

RFEM A TTRE Fermi 1 KT BEERR, KR KHEREER

C.-H. Zhang and Y. N. Joglekar, PRB 77, 233405 (2008)
H. Min, R. Bistritzer, J. J. Su, and A. H. MacDonald, PRB 78, 121401(R) (2008)
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e Indicate possible room-temperature superfluidity



2. Exciton condensation in graphene bilayer:
Our considerations

(a) i y, (b

dielectric C
“graphenel |
dielectric

en = CVq

1 % C = eey/d

g

(a) TEA BB Z KB, S0 B s A DO —3k 8 R TR
CUOTIRE. (b) BABREER Fermi TH, 4RIAESH ¢ AT v Lk

=,
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2. Exciton condensation in graphene bilayer:
Formulation

H = Z [(thk — eVG)aTkack + (—hvgpk + eVg)aIkavk]

f hh
Z[Uee c.k+q%, k’ gk’ ek T Uq Av.k+q
kk'q

T T eh 7T T
X Ay k' —qp Gyg — 2Uq ac,k—kqavsk’—qavk’a‘:k]

Mean field treatment < BCS like theory

Broken symmetry — condensed phase to appear

\\\i
v |
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2. Exciton condensation in graphene bilayer:
A set of coupled equations

E+@)_hwk—euf+zm?mﬁ—§:U’kﬂwd
+ (Jup Ikal )f (e(K')]1.
A(k) = ZU ' (k, L1 - 21 ®)].

e(k) = \/E+ (k)2 + Ak)?,
=4 [Il® + (ul® = il H)f k)]

o * =1 = Jus|* = [1 = Ey(k)/e(k)]/2

4 They could be solved self-consistently
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2. Exciton condensation in graphene bilayer:
Condensation at zero temperature

S

B = &/(ehvp)
wAREE = /Vn

4
S
< B 1 duy 2 dvy, 2
E =g | () + () Joa
<
o ' | v | v
< > <
el 0.75¢| P
N | *» crossover ¢
¢ A (b)
< 0.50 > « -
| » BCS «
S < BEC
25k -
O 5 | > 1 | 1 | 1 | 3 |
0.7 1.4 2.1 2.8
7, (x107 m)

1 —2dB/ry . d
RRAM, <5 ARXERHR

™ ek (1= 28/7) re 28

BRXEPHEROME, €A
W, 4% F 4 BEC A+ BCS &

13



2. Exciton condensation in graphene bilayer:

Superfluidity at finite temperature (0<T<T)

0.6 T x107m) 0.16 Fo 1 V, (V)
................................................................. s 0.007

04F 1— 25 | T

< T = 4= 0.08F-uue . :
0.2 " _
0.0 ;\I | \ "'. l . | 0.00 _x. | AN M
0.07 0.14 021 028 0.07 0.14 021 0.28
k, T kT

Am(0)/(kgT.) ~ 1.76 as for conventional superconductor

v > &(k)
I A sech’ _ sech k dk
s 16nkBT[ (%‘“ kgl 2kBT)

} \“}



3. Thermal Josephson effect in graphene bilayer:

Previous studies K. Maki and A. Griffin, PRL 15, 921 (1965) En Ty
transport between two superconductors by electron tunneling,

LETTER Nature 492, 401 (2012)

doi:10.1038/nature11702

The Josephson heat interferometer

Francesco Giazotto' & Maria José Martinez-Pérez'

,___\?soum (@)

Qsquin(P) =2Qqp —2Qiny
,//phase dependent thermal transport

3220

\/ 525
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3. Thermal Josephson effect in graphene bilayers: &
Our considerations assume T, > T Pyl
TL TR
B T Josephson B L Vb VO
I =1.sin Ao

3K T Josephson FX L
I(t) = 1.sin(2eVt/h)

Josephson (1940-)

‘ superconductor

-V -V
IT @ qﬁmlm " barrier ’
BERE BT R Josephson E-E

superconductor
Bl B RS, WAREERHE
BX d BAsERIT

B. D. Josephson, Phys. Lett. 1, 251 (1962)

4|
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3. Thermal Josephson effect in graphene bilayers:

Formulation _ _ _ :
Ignore the intra-plane mteractlons

H = Z[ Bk — Vo)aajer + (—hvgk + Vo)a'a Jvk}

._i.
- E :U Qick+q4ivk' —q o dick

jkK' ¢
+ Z rkkf (aickaRck' +azvkaRvk! T az—{ck’ drck + al-gvk’ aLVk)
kK but add the inter-bilayer tunneling

By using equation of motion, thermal current is

lq = lop + I + represents /vgk >V, and the other

o = / USRI Gy Ne) p——
aqp — W(h'UF)Q ) 0 < L L\< R\E 52 — A ,.

=it

32|I°[* o / ALAg
[, = — _ oS 0 Vota/e2 — A2)[fu(e) — frle _ked
W(E/U]_:‘)Z Cos k'f'//o ( 0 L) [fL( ) fR( )] m

17
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3. Thermal Josephson effect in graphene bilayers:

Transport e PR T (T, — To)
n R(L{L — IR _
7 38 AR AR AR AT, Te ™ 3 horr)? (for ¢ =0)

90 [ | | ' I‘ 6600 B | | ' l._-"
a) |. b) |;
=~ | [R@®)| @ i ks
oV P 10 — A7
,,\-?4 60k |— 40 144400k | 100 2
I R I P 60 7| |
- . .
S ."" /’ Py
~ o A _ n /! _
= 30 i ap ; 2200F /. ap ‘::,
»\% s YT e
0= S in 0 I— ol in
] L ] ! ] | L | L |
32 64 96 75 150 225
17, (K) 17 (K)

P 1, A, FEALETRRARE T K24k, 7 (a) # (b)
r %1% 20 nm 1 5 nm

=
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3. Thermal Josephson effect in graphene bilayers:

Thermal rectification  _ /ir — /gy
IRrr,

C @ [r@mE e | Tl

10 L r=5am| (22770

— 9 200

rd

60
T hot (K)

PRk BEERE Ty, (2) MAAZE (b) K24, B T,4=20 K

900

@ (1)

T2 B AN RAK
AL £ A T B,
FIRBR BT,
AR LA IE
3] 3.3 X10* %
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3. Thermal Josephson effect in graphene bilayers:
Thermal logic gate 77 — (80 — 70cosa) K

| \\‘}

1000

750 |
500
250 }

N

IQ (m)

f\

f\

U

h

h

[

2

a (1)

52 P 3F 48
I, BE5
i 3T AP
% A3 on
E off &

BHG 1o BESE o B4 B Te=10K & r=5nm
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4. Summary: Some conclusions

For the exciton condensation in graphene bilayer and thermal
Josephson effect in two coupled graphene bilayers, interesting
results are

1) derived the criterion of criticality for exciton condensation;
2) obtained the phase diagram to distinguish BEC and BCS states;
3) investigated the thermal transport through a Josephson junction;

4) proposed physically two thermally controllable devices

21
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X. Zhai and G. Jin, APL 102, 023104 (2013).
X. Zhai and G. Jin, Spin 03, 1330006 (2013).
X. Zhai and G. Jin, JPCM 26, 015304 (2014).
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1. Background: Graphene mono- and multi-layers %*7

M

J}f -
o e

C. L. Kane and E. J. Mele, PRL 95, 226801, 146802 (2005).

E/tt

q L ,
0 n/a K, 2n/a

topologically nontrivial

-® < ®-
-® > o8
\ | —> 0
-® < O
-® > ®-

not a practical toplogical insulator (TI)
because of weak intrinsic SO coupling

To engineer the Tl phase in graphene C. Weeks et al., PRX 1, 021001 (2011).
Theoretical studies have shown that

graphene bilayer and trilayer — TI

phase under large Rashba interaction

and a bias used to open a band-gap
/

e

H. Jiang et al, PRL 109, 116803 (2012).
Z. Qiao et al., PRL 107, 256801 (2011).

X. Li et al., PRB 85, 201404(R) (2012).
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1. Background: HgTe/CdTe quantum wells

The first confirmation of T1 theoretically and experimentally

B. A. Bernevig, T. L. Hughes, and S.-C. Zhang, Science 314, 1757 (2006);

M. Konig et al., Science 318, 766 (2007).

Conductance
channel with
up-spin charge
carriers

A variant material CdTe/Hg
CdTe/CdTe quantum well is
possible for transition between
a normal insulator (NI) and a
topological insulator by an
electric field

J. Liand K. Chang, APL 95,
e 222110 (2009).

down-spin
charge carriers

Quantum
well

urther expectation to explore the topological phase transition

VA

24
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SooEweme |
L 7 |=Br—Np
E TOTAL PDOS
8
= 1.5¢
~N
Lol
AA AB % "
O | 1
=)

@ Boron @ Nitrogen 0 ,
-20 -10 0 -10
R. M. Ribeiro and N. M. R. Peres, M. Topsakal, E. Aktirk, and S.
PRB 83, 235312 (2011). Ciraci, PRB 79, 115442 (2009).

a hexagonal boron nitride (BN) layer is made out of strong polar covalent
: ds and has no reflection symmetry. This leads to large band-gaps,

about 4.6 eV for monolayer and 6 eV for single crystal .



2. Object and Formulation: Boron-nitride bilayers -r
We ask Is it possible to realize the T1 phase in large-gap BN mater*fi?’al-s;';?
We propose a way to significantly reduce their gaps to find TI phase!
Consider two stable stacked boron-nitride bilayers as in figures

AA-stacked BNBL (a~-BNBL)

A and —A are the electrostatic
potential energies created by
a gate voltage

AB-stacked BNBL (#-BNBL)

Contrary to a graphene bilayer, the interlayer bias here is used to reduce
the charge polarity of two trigonal sublattices in different layers and then
t0 decrease the band-gaps of the two stackings

26



2. Object and Formulation: Model Hamiltonian

rFd

In the tight-binding approximation, Kane-Mele model +y+A
7‘(=7'{B+7'{T +7-{BT +7-[TB

7‘{3(7") = Z(Si =+ A)C;O_Cig —1 Z C;O_Cjo— + idgo Z

i {ij)o (ijyod
t : P
vl-_,-Sm—, " Z2C; Cig + iAR Z (S()'o" X dgj) "2 C Cigrs
(ijjod’
_ T _
Hpr = 7 Z C;-Cijos Hrpg =7 Z C -Cio
i€B, jeT,o i€B,jeT o

The energy spectra and physical properties «—

Green’s function and density of states
eik'(rf(T_r_j(T’)

1
Giojor (B) = QBZ fdkE +in— H (k)

1
- 8o(E) = - ; Im Gig i (E)

27



2. Object and Formulation: Matrix representation

Hamiltonian in the momentum space, an 8x8 matrix

[ ‘Hp(k) Hpr
7“’(’“)‘( o %(k:))

o (71 0 s [0 0
ﬂBT‘( 0 yal)’ WBT_(‘yﬁI 0)

(cird®) 0 fR) @)
_ 0 e —dk) g (k) f(k)
Tho® = pay gtk ea-dk) O
stk FR 0 eatdh)

All the matrix elements are determined

d(k) = 2450 |2 sin ( V3kya/2) cos (3k.a/2) - sin ( V3kya))|

f(k) = —te'a [1 + 2e71Cka/2) oo ( \/§kya/ 2)]

g1(k) = —Age™® |1 — 274 cos ( V3kya/2 + /3))]
/ g>(k) = Age’™? [1 — 2e71Cka2) g ( \/gkya/Z — 7r/3)]

= 3':‘ l{ R

28



< 4.6 eV In natural BN layers

3. Main Results: (1) Bulk electronic structures *;“
Dispersion relations and the densities of states (DOS) of
(a) a-BNBL and (b) ,B-BNBL

N \T/ \# .'f - The influence of the SO couplings

020 L Solid lines  Dashed lines

=B Jso =g =0 Ao =0.05t"", 1, =0.2t”)
041 fl\ 7 /_:\ DD; T 2'0 The band-gaps are greatly reduced by

o 1 DOS the gate voltage, due to the decrease of

' - _ ()

| v \x/ L |  the charge polarity. For A = £

% of E; =2y" =0.64eV E/ =2y" =1.2eV

L:J-D.E ?_

/‘L\/’“\

K’ 00 1.5 3.0
DOS

A+ (s2) + M +1f (B P 22 VI (R,

+

() + % ) +1f )12 = \HB(K)

W) = A% |(e5) + 1 RIP| + s (k) P
Wk) = 407 [(eh? + |F ()P | -2 ()
+|78f(k')|2+% ()
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3. Main Results: (ii) Edge states and Z, topological index
Particular concern is to find the topological edge states gl

for the confined boron-nitride bilayer nanoribbons (NR) in Figure

@ QBNLNR 1 ()1.0 ,_.,Eh'_\IBLN (a), (b) show the band structures of
1 WY A=V | the a- and S-BNBLNRs with
Ao =0.05t“P, 2. =0.2t“”
There are edge states within the

bulk gaps, their dispersion curves

(c), (d) illustrate the evolution lines
of the Wannier function centers used

4 LTI
- => Z,=) T mod2-=
kx'ﬁﬂ) 1.0 n=1 O, nOtT I
© R a = b A (e), (f) distribute the four edge states
o B > S A,B,C,Din(a), (b). »-BNBLNR
R . in (b) has the feature of T1, S-BNBLNR
"""" < °" has not
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(@)

The condition of formmg the topolo-
gical edge states in the a-BNBLNR. ~

oL

For a nonzero /g, obtain analytically % ||

Two phase boudaries: 15~ A
V2 ; — 0.0
Ag = T\/54/180—6/150\/E+A)(+(y )Y + ¢

¢ = 12450 (9/150 = \/3771)772 ®) 5_

+ A+ () [(7) + 24y |

Y=A-gp,m= (7“) +X, M = (7/“)2 + A

Figure (a) The phase diagram divided |

Into three parts: NI, T1, NI; P, P,, Ps;

0.2¢

04 -02 00 02 04 |

A~ (eV)

=1
3

Q :———.—.—.————-

-0.4

=

E (EV}

>
1002
S

" ky
as the bias increases, the reentrant Figure (b) shows the quantized edge

phase behavior takes place;

three points A, B, C; for A>A,

nase conductance ~ energy in the different
right insets show the energy bands of constructions and parameters.

G (E) = & /h Ti[G"(E) L(E)G"(E)TR(E)]
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4. Summary: Some conclusions e

For large-gap boron nitride, bias voltage can drive it to

1) Astrong Tl phase has been found in the AA-stacked BNBL, while
the AB-stacked BNBL is impossible to become a Tl.

2) For the AA-stacked BNBL, a reentrant behavior from an NI phase
to a Tl phase and then to an NI phase has been confirmed, and the
two phase boundaries have been analytically given.

3) For the AB-stacked BNBL, four degenerate low-energy edge

states are localized at a single edge

| \\‘}

32



M. Rashba BIZFEERT
MEEFAREFIRFRT
Berry FB1Z Fr _Andreev JX 54

X. Zhai and G. Jin, PRB 89, 085430 (2014).
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1. Background: Chirality and Berry phase 4&,
ML: .
’SL = hopk.& = h 0l ik ?{BL_' e 0 (ke — iky)*
o eRe km + 2ky 0 c 2m* (kx + ka) 0
2
E(k) = +hvp|k| Elk) = | (k)
2m*
| 1 1 R | L) — 1 1
wi’K(k) - E :l:eigk é — k o wi,K( ) B 7 27,9k:
k
Berry phase-n D, = i§cdk<1//(k)‘aik‘w(k)> Berry phase-2r
e - Berry phase in graphene from quantum Hall effect:

Berry phase in graphene from weak antilocalization:
X.Wu et al.,, PRL 98, 136801 (2007).

/ Berry phase in graphene from photoemission:
Y. Liuetal., PRL 107, 166803 (2011).

Y. Zhang et al., Nature 438, 201 (2005).
K. S. Novoselov et al., Nat. Phys. 2, 177 (2006).



1. Background: Andreev reflection

v é}: : ) ’
GML: C. W. J. Beenakker, PRL 97, 067007 (2006). “Specular Andreev reflection in graphene

superconducio

e : a ‘O h
O .
a @
Andreev retroreflection specular Andreev reflection
< 5
*"'..' o~ *Efﬂ —_ {] )
ra wF "'*-.‘ TA o
e . [
P L
—kr 0 kp k k
Andreev retroreflection specular Andreev reflection

NS RWHHT: HFRFZFTORABRTW, MWEEES; FREETCREETNW, WALEGEER

‘GBL: T. Ludwig, PRB 75, 195322 (2007). “Andreev reflection in bilayer graphene”

yx

»
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1. Background: Theoretical treatment
Bogoliubov-de Gennes (BdG) J5 %

‘ <k,
Hxxy — Fr AgeO(x) U u
=&
AOEB_M)@((’IZ') Fyp — HK(KI) v v

A LA ¢ << By vy &5
*
e = ‘EF + hUF k% + ]{5‘ conductor
/2 . .
GE = / df cosB[1 — R(eV,0) + Ra(eV,#)]  (both no Rashiba coupling)
0 0
Z"h.#‘EF|>> O‘ 2[} EF >>AQ-J.|'|
s TN
) E. =07 J1ok :
GML: 5 | o GBL: 3 i
- 05 I EF :.O.
05 | | ﬂn ‘. 21
&) 0 05 1 15 00 05 10 15

/) eVIA, eVIA,



2. Object and Formulation: % & #= 30 & ¥ #§Rashba /1

— 1S cle, + iagSel s X d; ). 0.
Nature Commun. 3, 1232 (2012). A, =0 A, #0
Au ¥ & 5d & FAREH§ Rashba 4B g | 1NV
—0.4 p——————T7—
E‘ 00 TC 0.0
B RIV/A\
S s _— RN/
T B\ -
L1IJ ~0.7 X ol o
-0.8 e ‘WIO : . ) )
Betry A84L R AE 69 b A K AKX
0ol 1 . 1L .1
-0.04 -0.02 0 0.02 0.04
K, (A1) 00,20,20p @3
Fao OO0, GML

GO=00=—C00=00=—060=000 ok(y{) o D= o o=

{@r<0» QfO{O Nl(lll)

~000000 % Yo Yo

[ Re=q s R=eql '« Qo=

s-wave o
superconductor OXOHRD)
P RS
x=0 GBL

;X T Rashba#iH E. | Rashba, Phy. Rev. B, 79, 161409(R) (2009).
/) {EFMER T/E:  M.-H. Liu, et al., Phy. Rev. B, 85, 085406 (2012).

f%’c[‘ﬁ‘ In JRFoRIGE BIESIERES: Z. Jia etal, Phys. Rev. B 91, 085411 (2015). 37



2. Object and Formulation: g&i%. HEEECRI Berry AHAL
Matrix representation with Rashiba interaction -

BRE =

AR
)®50+—(01®,5U oy @ 8y)

Hg hUF(O'rk +£Uy 5

B (k) = e (\/)\2 + 4(hopk)? — V/\R)
waZCduwé”,udﬂdwﬁdT
Un = colind'e™, —po, —io, g'e”)"
Uny = co(pd, —ipoe”. pe?, —ig)"
i = co(—po, —ipd'e”, ode™ io)"

0= cos(¥/2), o =sin(J/2)
' 27 8 :

dp = ’L/O do <UW % UJW> =0

a] LR, AdH 59 A — AN e,
Py A5 W 2m. KL, BYE R AR T

[ H E 1T GE %
Berry FHGEM 7

e

Og = 0) 5% 27 (g £ 0))

H 5, Felle™

XUz

ﬁt-,F;l- 1l|2 —E'ELEE
He=H, + H;' = R
~ L 2i0
ho F‘)'lH
- [ Ty & (LI"‘ + "t“y"I gc:r, @ {LTLI
thvpk
B (k) = =5 (\/)‘ (ork)? - I’)‘R)
Yy = L‘.of—vi.ii-Qt“_Ei —pe'e™ ig!, pe')T
i = cplipde ™, —pge™, —ip, o'e")T
Ui = col—pd e ipoe®, 0o, —ig")T
i = L?af—#EEi —iQ EM Qxf_wn'ié';'T

F—

o = cos(/2), o' = sin(¥/2), @ = arctan(hvpk/Ag)

2w m, f K
g (I)B — E.f G!th< :w 0 -"f > — or Lj.tr,f
0 a6 —m, for Lfﬁ,
 [Berry HIf7 M 27 (6 - Ar = 0) 84 7 (6 T Ar # 0)
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3. Main Results: Rashba YEF k¥ Berry AV )G E’Jﬁ

KBIRET, E=0, 7F KB K &KL s
F
REE =
(@ 04 (b) 0.4
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3. Main Results: Analysing incidence and reflection”
BdG equation Excitation spectrum =

() — |
N | e B B N e K

He(w) = H + HEO(—a) — UgB(x) o = /D3 + (B + o Togh)? (S)
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3. Main Results: Excitation spectra at normal incidence

5 il k
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3. Main Results: Interface scattering at an NS Junctlon

The problem can be studied by using the BTK formalism, '
l.e., solving the BdG equations in both sides of the junction
subject to the boundary conditions at the interface

BTK formula: '@ * 1lP) + 12l + @ale) + 74,10 = (Gl fo
oy lge)) + (-l fo) + 1a-lg-)).

multiband . ) i , ;o ) |5
e m—— la"y + (KDY + rAlb")) + () le) + v | )) = (1,1 fo)
+5,18:0) + (1 _f2) + 15_182)).
G 1 (7
TN f d@cos@[Nl(l — 11> = Pylral® + Pelra, I
0 0 JO

2 2 ¥ 2 :
+PC’|FA3| )—|—N2(1 — |}",l| —Pbrlrél +PC|7’:41| +Pcr|7‘;12| )]

Gy = 01y/0V = (2e*/ )Ny
/ | G.E.Blonder, M. Tinkham, and T. M. Klapwijk, PRB 25, 4515 (1982).
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3. Main Results:
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4. Summary: Some conclusions

XM Rashba fEFHRIBREENXNE, FHISGRLE
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X. Zhai and G. Jin, PRB 89, 235416 (2014).
X. Zhou, Y. Xu, and G. Jin, In preparation.
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1. Background:
FFFL, W), 38,409 (2009).
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1. Background:
B 6 5 OB 2 9 A2 .

. Ax A
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2. Our Motivation:
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3. Results and Discussion:
FERERZES T RAERB) ) FZHEBAIAH
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3. Results and Discussion:
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3. Results and Discussion:

(b) O

Band structure of a zigzag edged graphene nanoribbon with
¢ width 10 nm. (a) F,=0, 4=0.1t; (b) F,=0.15t, 4=0.1t.
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3. Results and Discussion:
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3. Results and Discussion:
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3. Results and Discussion:

13 G R PR MY

The same setup for a graphene monolayer, irradiated by an off-resonance
circularly polarized light, on a SiC substrate
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Inversion
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Band inversion. The blue solid (red dashed) lines represent conduction
(valence) band in band insulating phase.
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Nernst coefficient
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4, Summary: Some conclusions }
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Van der Waals heterostructures
A. K. Geim & I. V. Grigorieva, Nature 499, 419 (2013).
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Transport through graphene quantumdots
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NATURE NANOTECHNOLOGY | VOL 10 | MAY 2015 | www.nature.com/naturenanotechnology

editorial

Graphene opens up to new applications

Effective separation membranes could be created by etching nanometre-sized pores in

two-dimensional materials.

The explosion of research interest in two-
dimensional materials such as graphene
and molybdenum disulphide has, toa
large extent, been dominated by their
physics, and in turn the exploitation of
their electronic and optical properties.
Researchers have, of course, also explored
the chemical and mechanical properties of
these materials — and sought applications
that principally utilize these attributes —
but the results have, arguably, received less
attention. One intriguing line of research
in this regard is the use of graphene as a
nanoporous separation membrane. Here,
through a combination of sophisticated
fabrication and characterization techniques,
unique membranes could be developed
for use in critical applications such

as gas separation, water purification,

and desalination.

P
v

reported that subnanometre pores can be
formed over macroscopic areas of graphene

encouraging illustration of the potential of
atomically thick membranes.
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Physics gets its hands dirty

Is condensed-matter physics becoming more materials-oriented? Or is this just a new wrinkle in an
old tradition?

Thanks!
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