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Abstract. We address here the anti-ferromagnetic (AFM) order present in AA-stacked
bilayer graphene in a transverse applied electric field. The system is described by kinetic
energy with nearest neighbor electron-hopping with same hopping integral ¢, for both the
layers. Besides this the Coulomb interaction exists at A and B sub-lattices with same
Coulomb correlation energy. The electron Green’s functions are calculated by Zubarev’s
Green’s function technique. The temperature dependent AFM magnetization is calculated
from the Green’s functions and is computed numerically and self-consistently. The
evolution of the AFM magnetization is studied by varying transverse electric field,
Coulomb energy and temperature.
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1. Introduction

Graphene is a zero band gap semiconductor with unusual properties [1-3].
Recently bilayer graphene becomes a subject of numerous studies to produce
graphene based materials with an electronic gap. More over bilayer graphene is
an important material itself. More effort has been focused on the study of AB-
stacked bilayer graphene [4] than AA-stacked bilayer graphene (AA-BLG)
because of availability of good samples [5, 6]. More recently experimental
realization of AA-stacked and AB-stacked bilayer (AB-BLG) has been reported
[7, 8]. We know that AA-BLG tight-binding spectrum has four bands of which
two are electron bands and two are hole bands. The structure of both bands are
different in AA-BLG and AB-BLG, In doped AB-BLG, the two bands (one hole
band and one electron) touch each other at Fermi point and low energy band
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dispersion is nearly parabolic [9,10,11] .The low energy dispersion in AA-BLG is
linear similar to mono-layer graphene. The AA-BLG has Fermi surface instead of
Fermi points. The important feature of AA-BLG is that the electron and hole
surfaces coincide in the undoped material [12]. These degenerate Fermi surfaces
are unstable, when an arbitrary weak electron interaction is present and bilayer
system becomes an anti-ferromagnetic (AFM) insulators with a finite gap. This
electronic instability is strongest, when the bands cross at the Fermi level. The
on-site Coulomb repulsion is strongest interaction in AA-BLG system and this
interaction is sufficient for stability or meta- stability of the AFM order. The
propose of this paper is to investigate the influence of a transverse electric field
on the properties of AA-BLG. The degree of suppression of AFM order heavily
depends on the effective values of the repulsive impurity potential for hole
doping. The tight-binding model Hamiltonian is described in section 2 and the
calculation of AFM magnetization is worked out in section 3. The results and
discussion are given in section 4 and finally conclusion in section 5.

2. A Tight-Binding Model Hamiltonian

The AA-stacked bilayer graphene consists of two graphene layers having up
and down spins. Here each carbon atom of upper layer is placed above the
corresponding atom of the lower layer. Each layer consists of two triangular sub
lattices A and B. The unit cell of AA-BLG contains four carbon atoms A4, B4,
A, and B,. Hence the single particle Hamiltonian for AA-BLG is given by

%4
H, = z (.u +x Uy — (_1)0((5 + AA)) a;rr,k,g Ao ko
ak,o
a 4 T
+ ) (1= DG = 80) bl Do ©
ak,o
Here the Hamiltonian H; contains chemical potential i, impurity concentration x
having impurity potential U, at A site only in both the layers. V is the applied
voltage is perpendicular to the layers with V' « t; which corresponds to typical
experimental conditions [13,14]. The AFM gap (A,) which is produced due to
difference of electron concentrations of opposite spins in both the sub-lattices in
the two layers of AA-BLG. Here al, ~and aq s (b), ,and by, ) are the

ak,o a,k,o
creation and annihilation operators of electrons with spin o in the layers
a =1,2o0n the sub-lattices A(B). The Hamiltonian for first-nearest neighbor

hopping of electrons and interlayer hopping is given by
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The Hamiltonian H, in equation (2) represents the hopping of electrons to
nearest-neighbor lattice points having hopping energy €; = t;y;(k) with
t; = 2.78 eV as nearest-neighbor in-plane hopping integral. The Hamiltonian
Haa represents the hopping of electrons from first layer to second layer and
vice-versa with inter layer hopping energy €, ; = t, |y, (k)|. Here t; = 0.04 and
|y, (k)| are the perpendicular hopping integral and interlayer dispersion. The
total Hamiltonian is given by H = H; + H, + Hpp

3. Calculation of Green’s functions and AFM gap equation for AA-
BLG

In order to calculate the physical parameters, we calculate the four coupled
electron Green’s functions involving electrons of A  site carbon atom and they
are defined as

Agplk,w) =< agpq ;a;',w >, ,Where a=1,2 for two layers and

B =1—4 for four Green's function. Similarly Green’s functions involving
electrons of B site carbon atoms are defined by

Byp(k,w) =< by o ;b;;r'k'a >, - The coupled Green’s functions are calculated

by Zubarev’s technique. For first layer at A site, we find A, ; (k, w) = anolt)z(zm)l
. . . by .
and for first layer at B site, we find B;;(k, w) = ST Equating the

denominator term to zero i.e. |D(w)| =0, we get the quasi-particle band
dispersion energies w,, s(k) which are given below

Was(k) = p = (—1)°Ax —2(-1)*By , a &s =1,2 (4)
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v? V2 V2
where Ay = -+ A% + |ex|® + lexs]® , By = \/TA,% +l€xl? ( lexrl® +7)

. The AFM gap equation is written as

_ S
AT (2m)?

I dkydley, [ (<n?y > —<nf; >) = (<ngp > —<ng, >)] ()

where < nl , > represents the electron densities at different sites y = A, B, and
for both layers (a = 1,2) for electron spin (¢). While doing all the calculations,
the momenta are shifted to appropriate Dirac points lying on the Fermi level. All
the parameters appearing in the calculation are scaled by nearest-neighbor

hopping integral t;. The reduced parameters are written as: the site energy at A

site ea = :—a , Site energy at B site eb = i—b , impurity concentration x , impurity
1 1

potential u = % nearest- neighbor hopping integral t; = —1, and band energy

1

cl = t9 , AFM gap z = ﬁ—*‘ and gate potential v = tz
1 1

1

4. Results and Discussion

The gate potential (v) applied between two layers of AA-stacked bilayer
(AA-BLG) induces spin polarization at A and B sublattices on both the layers
due to impurity effect . The AFM magnetic gap for the first layer given in
equation (4) is computed self-consistently for different values of impurity
potential as shown in figure 1. The electron doping by nitrogen impurity
introduces an attractive impurity potential (i.e. U, < 0), while the hole doping
by boron impurity introduces a repulsive potential (i.e. U, > 0) at the impurity
site. In the present study we introduce hole doping by boron atoms with repulsive
potential U, = ut; = 0.855 * 2.78 = 2.377 eV. For given gate potential
v = 0.04 and impurity potential u = 0.855,the AFM gap (z = 0.13 att = 0)
gradually increases with temperatures, attains its peak value at a temperature
t = 0.85 and then gradually decreases to zero at Neel temperatures t, = 1.22
exhibiting mean-field behavior at higher temperatures. The AFM gap exhibiting
similar temperature dependence with increase of Coulomb energy. However, the
AFM gap is enhanced with increase of impurity energy throughout the
temperature range exhibiting a sharp drop at t, showing the robust character if
the magnetic transition from the anti-ferromagnetic to paramagnetic phase. It is to
note further that the AFM gap is suppressed with decrease of impurity energy and
is finally suppressed at low temperature showing the paramagnetic phase and
there by exhibiting the reentrant behavior (See figurel). It is noteworthy to
mention that the anti-ferromagnetic Neel temperature in AA-BLG is much higher
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compared to the Neel temperature calculated for monolayer graphene-on-
substrate [15]
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Fig. 1. shows the pot of AFM gap (z) vs. temperature (t) for different impurity potential
u = 0.855,0.870, 0.880 at fixed gate potential v = 0.04 .

5. Conclusions

We have reported here the tight-binding model study of the on-site of anti-
ferromagnetic order in AA-stacked BLG due to presence of gating potential and
impurity interaction potential. The sub-lattice AFM magnetization of the
system is calculated by Green's function technique and computed self-
consistently. The effect of impurity interaction on AFM gap is reported in the
present work. The temperature dependent AFM gap in AA-BLG is suppressed
with decrease of impurity potential throughout the temperature range exhibiting
robust magnetic order near Neel temperature. On further decreasing impurity
potential, we find that the AFM gap exhibits re-entrant behavior at lower
temperature having two Neel temperature. It is noteworthy we have recently, the
tight-binding model study of magnetic spin susceptibility [16, 17], dielectric
constant [18], electron specific heat [19]. The role of electron-phonon interaction
on charge gap [20], ferromagnetism [21, 22], anti-ferromagnetism [23] and
paramagnetism [24,25] for doped monolayer graphene on-substrate based on
tight-binding calculation.
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