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Impurity effects on electrical conductivity of doped bilayer graphene
in the presence of a bias voltage
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We address the electrical conductivity of bilayer graphene as a function of temperature, impurity concentration, and
scattering strength in the presence of a finite bias voltage at finite doping, beginning with a description of the tight-binding
model using the linear response theory and Green’s function approach. Our results show a linear behavior at high doping
for the case of high bias voltage. The effects of electron doping on the electrical conductivity have been studied via
changing the electronic chemical potential. We also discuss and analyze how the bias voltage affects the temperature
behavior of the electrical conductivity. Finally, we study the behavior of the electrical conductivity as a function of the
impurity concentration and scattering strength for different bias voltages and chemical potentials respectively. The electrical
conductivity is found to be monotonically decreasing with impurity scattering strength due to the increased scattering among

electrons at higher impurity scattering strength.
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1. Introduction

Electrons in bilayer graphene exhibit quite unusual prop-
erties: they can be viewed as massive chiral fermions with
a parabolic dispersion at intermediate energies and have
Berry phase 27;[1?! in contrast, the charge carriers in mono-
layer graphene are Berry-phase-m quasiparticles with a lin-
ear dispersion.!>*# In bilayer graphene (BLG), two coupled
hexagonal lattices of carbon atoms are arranged according
to simple and Bernal stacking.!'"! Because BLG has a

15-91 there have

large degeneracy at the charge neutral point, !
been intense discussions on the possible many-body effects
in the system.[!%-151 Moreover, since electrons in single layer
graphene (SLG) behave as relativistic massless fermions, !
BLG provides a unique play ground to control the interactions
between relativistic particles and relative mechanical motions
of two layers. The electronic structure of bilayer graphene
was studied theoretically and the spectrum was found to be
essentially different from that of monolayer graphene.[!! In
addition to interesting underlying physics, bilayer graphene
holds potential for electronic applications, not only because
of the possibility to control both carrier density and energy

1.8:16-201 Not surprisingly,

band gap through doping or gating.!
many of the properties of bilayer graphene are similar to
those of monolayer graphene.>2!! These include an excellent
electrical conductivity with room temperature mobility up to
40000 cm? - V—! . 571 in air, [*?] the possibility to tune the elec-

trical properties by changing the carrier density through gating
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17:23.24] 3 high thermal conductivity with room tem-

K1 [25.26]

or doping,!
perature thermal conductivity about 2800 W - m™!
mechanical stiffness, strength, flexibility (Young’s modu-
lus is estimated to be about 0.8 TPal>’28]), transparency
[29]

with transmittance of white light of about 95%, im-

permeability to gases,>]

and the ability to be chemi-
cally functionalised.®!! Thus, as monolayer graphene, bi-
layer graphene has potentials for future applications in many
areas,'?!! including transparent, flexible electrodes for touch
screen displays,3?! high-frequency transistors,*3! thermo-

S, (351 photodetectors, (361

electric devices,**! plasmonic device
batteries, 3738 and composite materials.[?%40! Tt should be
stressed, however, that bilayer graphene has features that
make it distinct from monolayer graphene. Like monolayer
graphene, intrinsic bilayer graphene has no band gap between
its conduction and valence bands, but the low-energy disper-
sion is quadratic (rather than linear in monolayer graphene)
with massive chiral quasiparticles!!?! rather than massless
ones. As there are only two layers, bilayer graphene repre-
sents the thinnest limit of an intercalated material.[>738] It is
possible to address each layer separately leading to entirely
new functionalities in bilayer graphene, including the possi-
bility to control an energy band gap of up to about 300 meV
through doping or gating.[-8-16-201

In contrast to the case of SLG, low energy excitations
of the bilayer graphene have a parabolic spectrum, although
the chiral form of the effective two-band Hamiltonian persists
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because the sublattice pseudospin is still a relevant degree of
freedom. The low energy approximation in bilayer graphene
is valid only for small doping n < 10'> cm~2, while experi-
mentally doping can obtain 10 times larger densities. For such
a large doping, the 4-band model!' should be used instead of
the low energy effective two-band model. Bilayer graphene
is of intense interest as it too shows an unusual quantum Hall

t{141] and indeed its low energy tight-binding Hamilto-

effec
nian maps to an equation for chiral fermions with an effective
mass based on an interlayer hopping parameter y. Graphene
is an extremely flexible material from the electronic point of
view and the electronic gap can be controlled. This can be ac-
complished in a graphene bilayer with an electric field applied
perpendicular to the plane. It was shown theoretically!!'8] and

[2042] that the graphene bilayer

demonstrated experimentally
is the only material with semiconducting properties that can
be controlled by the electric field effect.l®! The gap between
the conduction and valence bands is proportional to the volt-
age drop between the two graphene planes and can be as large
as 0.1-0.3 eV, allowing for novel THz devices9! and carbon

(431 and transistors.[*! Bilayer graphene is

based quantum dots
sensitive to the unavoidable disorder generated by the environ-
ment of the SiO, substrate: adatoms, ionized impurities, etc.
In this context, it is worth mentioning the transport theories

[45]

based on the Boltzman equation,'*" a study of weak localiza-

e,1%%! and also the corresponding further

tion in bilayer graphen
experimental characterization.[*”! The static transport in few-
layer graphene has been studied for both without and in the
presence of a magnetic field. Thermopower of clean and im-
pure biased bilayer graphene has been calculated for Bernal
AB-stacking within the Born approximation. !

In our previous work, we studied the transport proper-
ties of clean bilayer graphene in the presence of a biased
voltage.[*>% In this paper, we study the effects of site di-
lution or unitary scattering and bias voltage on the electri-
cal conductivity of both AA and AB stacked graphene bi-
layers within the well-known self-consistent Born approxi-
mation (SCBA).[*8] This approximation allows for analyti-
cal results of electronic self-energies, allowing us to com-
pute physical quantities such as spectral functions measured

[5152] and density of states

by angle resolved photoemission
measured by scanning tunneling microscopy, >>~* besides the
standard transport properties such as the direct-current (DC)
and alternating-current (AC) conductivities. To ensure the ap-
plicability of SCBA, we restrict our calculations to relatively
clean systems with low impurity concentrations. The electri-
cal conductivity of two different stacked bilayer graphene as
a function of the impurity concentration is calculated for dif-
ferent bias voltages and scattering potential strengths. We also
study the effects of the impurity concentration and scattering

potential strength on the temperature dependence of the elec-

trical conductivity in bilayer grapehene.

2. Theoretical method and formalism

We start from a tight-binding model incorporating the
nearest neighboring intralayer and interlayer hopping terms.
An on-site potential energy difference between the two layers
is included to model the effect of an external voltage. For the
case of AA-stacking,**! an A (B) atom in the upper layer is
stacked directly above the A (B) atom in the lower layer. The
nearest neighbor tight-binding model Hamiltonians for AA-
stacked bilayer grapehene (Hx2) and AB one (H ) are given
as

HLS l Z (b;r,i+8alﬁi +he)+ YZ(a1+7ia27i +h.c.)
il,6 i

+yY(b] b2i+hec.)

14 ¥
+ 5 Z(“l,ial,i + bT,ibli - a;,iali - b;jbli)a
7

Hyg = =1y Y (b sai+he) +y) (b i +he.)

i,l,6 i

Ve .
+7 Ll i+ bl bri—al a0 — b5 ko). (1)
i

The first two terms are the nearest neighbor intralayer hopping
terms for electrons to move within a given plane with hopping
energy 7| ~ 3 eV. The two planes are indexed by 1 and 2. Ac-
cording to the crystal structure of the honeycomb lattice, each
layer has two inequivalent atoms labeled as A and B. The lat-
tice structures of bilayer grapehene and single-layer grapehene
are shown in Figs. 1 and 2, respectively. The unit cell vectors
of bilayer graphene which are similar to those of single-layer
grapehene are given by

~ a 2y
a)=—aj, az = E(J +\/§Z)> (2)

where ¢ and 3 are the unit vectors along x and y directions,
respectively. In Eq. (1), a;; denotes the annihilation opera-
tor for an electron on an A site with site label i in graphene
layer I, b;i g Creates an electron in layer / on the neighbor-
ing site at position i + &, where J is one of the three possible
nearest-neighbor vectors ag;, agy, and ag3 which are shown
in Fig. 1. Furthermore, the primitive vectors of the triangu-
lar sublattice have property |a;| = |az| = v/3acc with ac. the
nearest carbon—carbon distance. The third term in Eq. (1) cor-
responds to the interlayer hopping between the graphene lay-
ers. The hopping parameter between an A or B atom site in
one layer and the nearest A or B atom site in the other layer is
given by 7 and is reported to be about 0.2 eV.31:32] The V is
the potential energy difference between the first and the second
layers induced by a bias voltage. In terms of Fourier transfor-
mation of operators, one can rewrite the clean tight binding
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part of the Hamiltonian in Eq. (1) as

T.B
Ha(aB) Z¢kHAA aB) (k)P (3)
in which the vector of fermion creation operators is defined as
¢k (a1 k7b; k242, k7bI x)» Where “1 5 and b1 1 Are the Fourier
transformations of a ;; and b;f_ ;» respectively. The Fourier trans-
formations are expressed as

g1

—ik-R;
al,k - \/NZC 1 al,i’
: 1 .
T —ik-R; T
by, = \/NZG by,

where N is the number of unit cells and k is the wave vector
belonging to the first Brillouin zone of the honeycomb struc-
ture. The nearest neighbor approximation gives us the follow-
ing matrix forms for HA 2 (k) and H2 (k):

R AR
' 0 V2 k) y
N I R A I
Fw Ty 0 v
V/2 0 0 f(k)
mw=| o e h ) |
Fw 0y v

where f(k) = —f/(1+ e'*®1 + ¢'¥92) and 1| describes the
intralayer nearest neighbor hopping strength. Under the half
filling constraint corresponding to one electron per lattice site,
the chemical potential u is zero. Since the unit cell of bilayer
graphene includes four atoms, Green’s function can be writ-
ten as a 4 x 4 matrix. In the Matsubara formalism,5”! each
element of the Green function matrix and its Fourier transfor-
mation are defined as

Gap(k,7) = —(Te(as(7)B(0))),

1/keT .
Gaﬁ(k,iwn):/o Y el Gk t)dT,  (5)

where o, By refer to each fermionic annihilation operators
ai ks b1k, a2k, brg; T is the imaginary time; , = (2n+
1)7wkg T is the Fermionic Matsubara frequency;>’! T denotes
the equilibrium temperature of the system; and kg is the Boltz-
man constant. The Fourier transformation of the Green func-
tion matrix of the clean system (G can be readily obtained
by the following equation:

1

GO (ki) = . (6
w10 = G e
where Gfg( AB) is the Green function of the clean system of

AA (AB) stacked bilayer graphene. By substituting Eq. (4)
into Eq. (6), the explicit form of the Green function matrix of

the clean bilayer system is found for each stacking case. The
explicit expression for each matrix element of the Green func-
tion is quite lengthy and not presented here. The electronic
self-energy matrix of the disordered system in the presence of
a finite but small density of impurity atoms, n; < 1, can be
obtained as[>!

njvy

2 .a)n - f)
(1 ) l—viGo(i(Dn)

)
where v; denotes the electronic on-site energy, which shows
the strength of the scattering potential. The local propagator
of the clean system is given by

o(ie,) = —ZG (k,iay,). 8)

We replace the local bare Green function Go(i@,) by the local
full one (G(iw,)) in Eq. (7), leading to the full self-consistent
Born approximation. By neglecting the intersite correlations,
the self-consistent problem requires the solution of the equa-
tion
niyvi
1— ViGaa (E )
nivi

= T=wGagE+i0"—2(E)

Zaal(E) =

where o« = A1, B1,A3,B;. A simple analytical continuation as
im, — E +i0" has been performed to obtain the retarded
self-energy. The electronic self-energy should be found from
a self-consistent solution of Eq. (9). The perturbative expan-
sion for the Green function of both stacked disordered bilayer

graphene is obtained via Dyson’s equation>®!

1
(i, + 1)1 — HTB(k) — X (iw,)’

Gk,im,) = (10)
where HTB refers to the model Hamiltonian in Eq. (4) for dif-
ferent stacking cases.

In the following, the expression for the electrical conduc-
tivity of bilayer graphene is presented using Green’s function
method. P The Kubo formula gives us the in-plane dynamical
electrical conductivity (0yy) in terms of the correlation func-

tion between electrical currents[>°]

Row(w)

= lim
i, —o+i0+

3( /0 ’ dfei“’”<T<J§(r)J§(0)>>>, (11)

where JY is the operator from of the electrical current, and
®, = 2nmkgT is the bosonic Matsubara frequency. The elec-
trical current operator has been derived based on the charge
conservation equation. So current J¢ satisfies it as dp/dr +
V.Je
define the polarization operator P as®”]

=0, where p is the density operator of electrons. Let us

P=Y R;(a] ,a1m+b],bim), (12)

I.m
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where R, denotes the position vector of the m-th unit cell
in the honeycomb lattice, and [ = 1,2 also denotes the layer
in the lattice. The electrical current is readily obtained via
J¢ = dP/dr. In terms of Fourier transformations of the cre-
ation and annihilation operators, the final expression for the
electrical current operator for both types (AA and AB) along

AB stacking

the x direction is given by

. . _ik-8 —ik-&'
NESTDY 1-5'(61;,,3191,1@6 o ‘|’b;kal,ke o), (13)
k01

where 8’ = 0, a1, a, are the vectors connecting the nearest
neighbor unit cells.

AA stacking

Fig. 1. (color online) The structure of bilayer. Both intra and inter layer hopping integrals are introduced in this figure.

After substituting Eq. (13) into Eq. (11), we can calculate
the current—current correlation function within an approxima-
tion by implementing Wick’s theorem. In order to calculate the
correlation functions between the current operators, we apply

the Lehman representation 8!

. * dE Agp(k.E)
Gap(kiio) = [ S =, (14)

where Ayg(k,E) = —23Gyp(k,iw, — E +i0") is the
spectral function of the electronic system. Based on this repre-
sentation, the Matsubara Green function can be related to the
spectral function. Using Eq. (14) and performing Matsubara

frequency summation, we obtain the final expression for the

static electrical conductivity of AA stacking!>’!

op.c. = Row(w —0)
3t2 ot n
= 7“/,: dEid( :;éE)) Zk:cosz(ky/Z)

x [cos(\@kx)<2ABIA1(I<:,E)ABIA1(I<:,E)
+2An,5,(k,E) A, (k. E)

+ Ap,a, (K, E) Apya, (K, E)

+Ap, 4, (k,E)ABlA2 (k,E)
+ A, (K, E) Ans, (., E)
+ Auys, (k,E)AAlBZ(hE))
+4dp,0, (ke E) Ap,a, (k. E)

+ Ay, (B, E) A, (K, E)
+ Ap,s, (k. E) Ap, 5, (k. E)

+ Ap,s, (k. E) Ap,g, (k. E)

+ A, (k. E) Ag (K, E)

— 4 A, (k. E) Agya, (K, E — 0)

—Apa, (k,E)Apya, (K, E)
— Ap,s, (k,E)Ag,p, (k,E)
—Ap, s, (k,E)Ap,s,(k,E)
—Ap,B, (K, E)Aa, 4, (k,E)}, (15)

where ng(x) = 1/(e*/*8T 4 1) is the Fermi-Dirac distribution
function. The static electrical conductivity of the AB stacked
bilayer graphene is obtained as

t dE —dnp(E)
_ 2 F

opc. =1 /,m 2 dE

X Z 512)({ (ZCos(ﬂkX) cos(ky) + cos(\@kx)))

k

X (A%1Al (k7E) + A/%]Bl (k7E)

+ "41232142 (k7 E) + Aﬁsz (k7 E)

+ ZAAle (k?E)AAZBl (ka E)

+ 2“431142 (k7E)A32A1 (kv E))

— 4(1 + COS(ky)) (AAIAI (k,E).ABlB] (k,E)

+Aaya, (k. E) Apys, (k. E)

+ ‘AAzAl (k,E)ABlAZ (k,E)

+*AAlAz(k>E)~ABsz(k’E)>}' (16)
In the next section, the results of electrical conductivity for
AA and AB stacked bilayer graphene are presented.

3. Results and discussion

We obtain the electrical conductivity of the impurity
doped AA stacked bilayer graphene along the x direction, as
shown in Fig. 2. Experimental studies of bilayer graphene

have revealed exotic transport properties such as an anoma-
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lous quantum Hall effect and finite temperature electrical con-
ductivity at zero energy.!%0-6?! We implement a tight binding
model Hamiltonian including a local energy term which de-
scribes the scattering of electrons from the impurity atoms. We
obtain the electronic spectrum of the disordered tight binding
model by the Green function approach, which gives the elec-
trical conductivity by calculating the electrical current correla-
tion function. The electronic self-energy of the disordered sys-
tem is calculated within a self-consistent solution of Eq. (9).
The process is started with an initial guess for Xy (E) and
is repeated until the convergence is reached. The final results
for the self-energy matrix elements are employed to obtain the
electronic Green function of the disordered bilayer graphene.
Afterwards, the static electrical conductivity is calculated us-
ing Eqgs. (15) and (16). For obtaining the numerical results of
conductivity, the intralayer nearest neighbor hopping param-
eter (7)) is set to 1. Therefore, the other parameters in the
model Hamiltonian are expressed as y/tH, V/tH, vi/tH, ,u/t”.
Moreover, in our calculations, oy is the minimal conductivity

of graphene.

B

7
“d
t..

Fig. 2. (color online) The honeycomb structure. The light dashed lines
denote the Bravais lattice unit cell. Each cell includes two nonequiva-
lent sites, which are indicated by A and B. a; and a; are the primitive
vectors of the unit cell. ag;, ag, and a3 are three vectors that connect
the nearest neighbor sites.

In Fig. 3, we present the in-plane electrical conductiv-
ity of the biased AA stacked bilayer graphene versus impurity
concentration n; for different bias voltages, namely, V /t” =
0.0,0.5,1.0,2.0,3.0 for fixed electron-impurity scattering am-
plitude v;/t = 0.3. The increase of the impurity concentration
reduces electrical conductivity o,c—aa at a given bias voltage
V /t|. This behavior can be understood from the fact that the
increase of impurity concentration n; leads to the increase of
the scattering rate of electrons from the impurity atoms, which
decreases the electrical conductivity. In addition, at a fixed im-
purity concentration nj, the electrical conductivity of the AA
stacked bilayer graphene is the same for V / = 0,0.5,1.0. In
other words, the plots for bias voltages V/ 7 =0,0.5,1.0 fall
on each other on the whole range of impurity concentrations.
In Fig. 3, it is clearly observed that the electrical conductivity
reduces with increasing bias voltage for V/ 7| > 1.0. A drastic
reduction takes place at V /1| = 3.0.

650 T T T T r
kBT/tH =0.06, ’Ui/tH =0.3, ;l,/tH =1 — V/tH =0
600 ——-V/tH:O.S_
V/tHII
DAL ==Vt =2
550  Teel ——V/t|=3 A
S
~ 1 =<
2 500
)
3
® 450
400
3500 0.04 0.08 0.12
Ty

Fig. 3. (color online) Normalized electrical conductivity Oy,/0p of bi-
ased doped AA stacked bilayer graphene as a function of impurity con-
centration n; for different bias voltages V /1| for v;/f) = 0.3. The nor-
malized temperature is assumed to be kg7 /1 = 0.06.

The effect of the impurity concentration on the tempera-
ture behavior of the electrical conductivity of the AA stacked
bilayer graphene in the presence of bias voltage V /t = 0.6
for vi/t” = 0.3 is shown in Fig. 4. This figure shows a uni-
form behavior of the temperature dependence of the electrical
conductivity. However, at a fixed temperature, lower impurity
concentration n; causes less scattering of electrons from the
impurity atoms, which leads to a higher electrical conductiv-

ity.

650 T T T T T
V/t)=1.25, vi/t|=0.3, p/t)| =1
600
550F T
S [
s00F T T T T
\:nr —n;=0
I ---n;=0.03
g 450 ni=0.07
—==-mn;=0.10
400r . n;=0.50
350} o= e
3000 0.04 0.08 0.12

kT/t)

Fig. 4. (color online) Normalized electrical conductivity Oy,/op of bi-
ased doped AA stacked bilayer graphene as a function of temperature
kT /1 for different impurity concentrations ; for v;/f = 0.3. The
normalized chemical potential is assumed to be [,L/IH =1.0.

In Fig. 5, we plot the static electrical conductivity
OAA—stacked/Op Of the biased AA stacked bilayer graphene
versus normalized temperature kBT/tH for different impu-
rity potential strengths, namely, v;/f| = 0,0.2,0.4,0.6 with
V/ty = 1.25. This plot indicates that the electrical conduc-
tivity is nonzero at zero temperature for every v;/f|. There
is also a peak in the electrical conductivity which locates at
kT /1) = 0.02 for all values of v; /#. Figure 5 shows that upon
increase of the temperature, Caa —stacked/O0 increases until it
reaches a maximum and then decreases. The increasing be-
havior of the electrical conductivity comes from the fact that
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the temperature causes more electronic transitions. For tem-
peratures above the peak position, we observe a decreasing
behavior of the electrical conductivity, which is related to the
increase of the scattering rate of electrons. Moreover, at a
fixed temperature, the increase of the potential scattering leads
to more scattering between electrons and the impurity atoms
and the conductivity reduces. The novel feature in Fig. 5 is
that the electrical conductivity curves of the AA stacked bi-
layer graphene for two potential strengths v;/ 1 = 0.4,0.6 fall
on each other in the temperature range kg7 / 7 < 0.08. For the
normalized temperature above 0.08, the electrical conductivity
for v;/t) = 0.4 is higher compared to that for v; /7 = 0.6.

610 T T T T T
[ V/ty=1.25, n;=0.05, p/t; =1
590 v/t =0
-—- v;/tH =0.2
bo ----- v;/tH =0.4
~
< ‘—-—’U;/tH:O.G
Z srof  _ZIMT
& -7 T T e-a
8 S -
© ——— TT-s ~
Pl T ——— - S~
550 1 Tt
530 - - - -
0 0.04 0.08 0.12

kBT/tH

Fig. 5. (color online) Normalized electrical conductivity oy,/0p of bi-
ased doped AA stacked bilayer graphene as a function of temperature
kT /1| for different scattering strengths v; /t” for n; = 0.05. The nor-
malized bias voltage is assumed to be V /fj = 1.25.

650 T T T T .
knT/tHi0.0G, ’L)i/tH:(].3, p/t”:l V/tH:()
600 F === V/=0.51
V/tHZI
== V=2
550 | )
S —— V=3
~ ~.
< -
< 500} Rl
! -
)
450
400
350 1 1 1 1 1
0 0.04 0.08 0.12

n;i

Fig. 6. (color online) Normalized electrical conductivity oy, /0p of bi-
ased doped AB stacked bilayer graphene as a function of impurity con-
centration n; for different bias voltages V /¢ for v;/t) = 0.3. The nor-
malized temperature is assumed to be kg7 /7 = 0.06.

The electrical conductivity of the AB stacked bilayer
graphene (GaB-_stacked/O0) Versus the impurity concentration
for different bias voltages at kgT'/ 1) = 0.06 is shown in Fig. 6.
This figure implies that impurity concentration #n; has no re-
markable effect on the electrical conductivity for V /¢ > 1.5.
In other words, the electrical conductivity presents a uniform
behavior in terms of n; for V/ > 1.5. However, this is not the

case for V/ 1 < 1.5, where OAA - stacked / 0y decreases with n; at
a fixed temperature.

We have also studied the effect of impurity concentration
n; on the temperature behavior of GaB_stacked/00- In Fig. 7,
we plot the electrical conductivity of the AB stacked bilayer
graphene versus the temperature for different impurity concen-
trations, namely, n; = 0,0.03,0.07,0.1,0.2,0.5 with V/t” =
1.25 and v/t = 0.3. Uniform behavior in the temperature
dependence of electrical conductivity Gap —stacked/ 00 is clearly
observed for all impurity concentrations. In addition, at a fixed
temperature, lower impurity concentration causes less scatter-
ing of electrons from the impurities, which leads to a higher
electrical conductivity.

550
500
450t
% V/tH =1.25, U;/tH =0.3, p,/tH =1
< 400
b:’x —n;=0 —-mn;=0.10
350 F ---n;=0.03 n;=0.20
n; =0.07 —— n;=0.50
300 B %
2 1 1 1 1 1
500 0.04 0.08 0.12

kBT/tH

Fig. 7. (color online) Normalized electrical conductivity Oy,/0p of bi-
ased doped AB stacked bilayer graphene as a function of temperature
kBT/tH for different impurity concentrations n; for v; /tH =0.3. The
normalized chemical potential is assumed to be 1t/ 1y =1.0.

In Fig. 8, we present the electrical conductivity of the
AB stacked bilayer graphene versus normalized tempera-
ture kBT/tH for different scattering potential strengths with
n; = 0.05 at V/IH = 1.25.
increases the scattering between electrons and the impurity

The increases of temperature

atoms, which consequently reduces the electrical conductiv-
ity, as shown in Fig. 8. Moreover, the electrical conductivity
decreases with the scattering potential strength v;/ -

Finally, we study the effect of the chemical poten-
tial on the impurity potential strength dependence of the
electrical conductivity of the AB stacked bilayer graphene,
In this fig-
ure, we plot the electrical conductivity of the AB stacked

and the main results are presented in Fig. 9.

bilayer graphene (GaB-_stacked/O0) Versus impurity potential
strength v;/ 7 for different chemical potentials, namely, p / 0=
0,0.3,0.8,1.5,2.5,4 with V/tH = 1.25 at fixed temperature
ksT /t = 0.06. Figure 9 indicates that the scattering strength
has no remarkable effect on the electrical conductivity for each
chemical potential. Therefore, we observe a uniform behav-
ior for all curves in Fig. 9. On the other hand, at fixed v;/z,
the electrical conductivity increases with chemical potential
in the region u/f < 0.8. It can be understood from the fact
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that the increase of the chemical potential raises the electronic
transitions from the ground state to the excited states, which
causes the increase of Gap_stacked/00. Thus, we can expect
that the electrical conductivity decreases with 41 /7. Upon fur-
ther increase of the chemical potential above 0.8, the rate of
scattering between electrons enhances and consequently the
electrical conductivity reduces. Based on Fig. 9, we find that
OAB—stacked /00 Vanishes for u /¢ = 0,2.5,4.0.

510 T T T T T
—’U;/tH:O
500 | ——-’U;/tH=042_
7);/1‘,“:0.4
i——— ’U;/tH =0.6
e 490 1
\ﬁ V/t) =1.25, i/t =0.05, p/t) =1
< 480f - ____
8 T
o T~ S~
470t T ]
460 N
450 1 1 1 1 1 =
0 0.04 0.08 0.12
keT/t

Fig. 8. (color online) Normalized electrical conductivity oy, /0p of bi-
ased doped AB stacked bilayer graphene as a function of temperature
kgT /t” for different scattering strengths v; /IH for n; = 0.05. The nor-
malized bias voltage is assumed to be V/ZH =1.25.

600 T T T T T T T
kgT/t) = 0.06, V/t; =1.25, n;=0.05
— p/t)=0 /)= 1.5

g 400 ¢ __/j,/tH:O.?; —s—;},/tH=2,5 T
= -ee p/t)=0.8 p/t) =4
< L 3
:
N

200 k

0 0.2 0.4 0.6 0.8

i/t
Fig. 9. (color online) Normalized electrical conductivity oy./0p of
biased doped AB stacked bilayer graphene as a function of normal-

ized scattering strength v;/ 1) for different chemical potentials 1t /tH for
nj = 0.05. The normalized temperature is assumed to be kg T/tH =0.06.

4. Summary

We have presented the electrical conductivity of both sim-
ple and bernal stacked biased bilayer graphene in the presence
of impurity atoms. With the tight binding model Hamiltonian
including a local energy term, the electronic excitation spec-
trum has been studied. Using the self-consistent Born approx-
imation and the linear response theory, the electrical conduc-
tivity of disordered bilayer graphene has been obtained. Spe-
cially, the effects of the impurity concentration and the scat-
tering strength on the temperature dependence of conductivity

have been investigated. We find that the electrical conduc-
tivity decreases with increasing impurity concentration for all
values of scattering potential strength. The results also show
that there is a peak in the electrical conductivity in terms of
temperature for all scattering strengths.
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