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A junction of monolayer and bilayer graphene nanoribbons is investigated using the tight-binding approxi-
mation. An external potential is applied on the bilayer graphene layers to control the electronic transport prop-
erties of the junction. The reflection and transmission probabilities for an incident electron at the junction are
analytically calculated. The dependence of the reflection probability on the external potential, the wave vector
of the incident electron and the width of the nanoribbon are evaluated.
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1. Introduction

Graphene is a single sheet of carbon atoms ar-
ranged in a honeycomb lattice. Despite being
a composition part of graphite, a carbon form
known for a long time, graphene was isolated only
in 2004. Graphene has attracted scientific inter-
est because of its unusual electronic and trans-
port properties that are strikingly different from
those of conventional semiconductor-based two-
dimensional electronic systems (for a review see
Refs. [1-4]). The potential impact of this new ma-
terial on electronics was immediately recognised.
It has been demonstrated that graphene has the
highest carrier mobility at room temperature in
comparison to any other material [5]. However,
graphene is a semi-metal with no energy gap and
zero density of states at the Fermi energy. This
makes it difficult to utilise it in electronic devic-
es such as field effect transistor (FET) requiring
a large on/off current ratio. The energy gap can
be opened in bilayer graphene by applying a gate

voltage between the layers [6]. This gate-induced
band-gap was demonstrated by Oostinga et al. [7],
and the on/off current ratio of around 100 at room
temperature for a dual-gate bilayer graphene FET
was reported by IBM [8].

Structures consisting of graphene and bi-
layer graphene parts can be created by a simple
overlapping of one sheet of graphene over the
other. The simplest possible structure contain-
ing graphene and bilayer graphene is a junction
of these two materials. Due to asymmetry such
junction may function in a similar manner to
diode because the conditions for the electron
to pass the junction from the different sides are
not the same. The symmetric structure with two
opposite junctions (graphene-bilayer graphene-
graphene) has been already investigated in [9]
using continuum approximation when energy
is close to the Dirac point. External voltage
was applied to control the electronic transport
parameters of the structure. Similar struc-
tures with more different edge geometries were
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investigated in [10]. The investigation was also lim-
ited to the continuum approximation without ap-
plication of the external voltage. In our work we use
the tight-binding approximation, which allows us
to investigate the system properties for the whole
energy range. The deficiency of the tight-binding
approximation is the neglection of higher order
corrections, which include the graphene nanorib-
bon (GNR) bending effect or its conversion into the
nanotube. In this way it becomes indistinguishable
if we have an infinite nanotube with a semi-infinite
nanotube inside or an infinite nanotube is inserted
into another semi-infinite nanotube.

An additional insight into electronic properties
of graphene and GNRs can be obtained from exact
analytical approaches. Analytic calculations for the
electronic structure of the GNRs have been reported
in Refs. [11-15]. The electronic structure of bilayer
graphene was addressed in Refs. [16-20] where the
analytical results were presented (both exact and
perturbative). The electronic structure of bilayer
GNRs was analytically obtained in [21]. A numeri-
cal study of the magnetobandstructure of the GNRs
was reported in Ref. [22, 23], and the numerical
treatment of the edge states in the bilayer GNRs was
presented in Ref. [20]. The aim of the present study
is to provide an exact analytical description of the 7
electron reflection and transmission in the junction
of the bilayer and monolayer nanoribbons with arm-
chair edges, with applied external potential.

The paper is organised as follows: in Sec. 2 we
present the known analytical results of monolayer

and bilayer graphene and construct the wave func-
tion for the junction. Subsequently in Sec. 3 we an-
alyse the properties of the electronic transmission
through the junction. Finally, Sec. 4 summarises
our findings.

2. Analytical expressions of the electronic states
at the junction

Analytical expressions for the electron spectrum
in GNRs and graphene nanotubes (GNTs), based
on a tight-binding model, were provided in Ref.
[14] and the expressions for bilayer graphene were
provided in Ref. [21]. In this section we exploit
these expressions to construct the wave function
for the system of graphene connected to bilayer
graphene. One may consider this system as a sin-
gle infinite length graphene ribbon with another
semi-infinite graphene ribbon overlapping, but
mathematically it is simpler to consider the sys-
tem as a junction of semi-infinite graphene with
semi-infinite bilayer graphene ribbons. For sim-
plicity, we analyse in this work only AB-« stacking
of bilayer graphene, as shown in Fig. 1, and other
configurations are left for the future calculations.
Also, the atoms at the junction edge are arranged
in a zigzag configuration, while the sides of the
ribbon are in the armchair configuration of the
atoms.

We consider 7 electron spectrum in an infinite
sheet of graphene. The structure of graphene can
be viewed as a hexagonal lattice with a basis of two

Fig. 1. (Colour online) (a) Sub-lattices A, A , B, B, on bilayer graphene in AB-a stacking. (b) Indication of labels of

carbon atom cells used for bilayer graphene.
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atoms per unit cell. The Cartesian components of
the lattice vectors a  and a, are a(%, V%,) and a(%,
—\3), respectively. Here a ~ 1.42 is the carbon-
carbon distance [1]. The three nearest-neighbour
vectors are given by &, = a(’, AR 8, = a(",
-\?4), and 8, = a(-1,0). The tight-binding Hamil-
tonian for electrons in graphene has the form

H, =—-tY (a/b,+bla,), (1)
@0

where the operators a, and b, annihilate an elec-
tron on sub-lattice A at site R* and on sub-lattice
B at site R”, respectively (for single graphene con-
sider Fig. 1 with A = A and B, = B). The param-
eter ¢ is the nearest-neighbour hopping energy
(t = 2.8 eV). Hereinafter all energies will be writ-
ten in the units of the hopping integral ¢, therefore
we set t = 1. Let us label the elementary cells of
the lattice with two numbers p and q. Then the
atoms in the sub-lattices A and B are positioned at
R/ =pa +qa,and R) =8 +pa +qa, respec-
tively.

The 7 electron wave function satisfies the
Schrodinger equation

HY = EV. (2)

We search for the eigenvectors of the Hamiltonian
(1) in the form of the plane waves (Bloch states) by
taking the probability amplitudes to find an atom
in the sites R, and R, of the sub-lattices A and
Bas
kR4 ik-RB

wo,=cle Pyl =cfe M1 (3)

Thus Eq. (2) yields the eigenvalue equations for
the coefficients ¢* and ¢? (envelope functions):

_Ect = o (K), @)
_ B¢ = ¢A§(-K), (5)
where
F ()= 014 ey o (6)

Further we will consider the spectrum of 7 elec-
trons in an infinite sheet of bilayer graphene. The

tight-binding Hamiltonian for electrons in bilayer
graphene has the following form:

— t R
H,= Vz(aj,za.fﬁ bib,—aj,a;=bjb,,)
7

T T
- ’Z(“;pb/,ﬁb;p 4 ,ﬁ)_tiz(a},laj ,2+aj,2aj ,1)’ (7)
J

(i, j).p

where the operators a, , and b, , annihilate an
electron on sub-lattice A at site R’» and on sub-
lattice B, at site R” respectively (Fig. 1). The index
p = 1,2 numbers the layers in the bilayer system.
In the Hamiltonian (7) we neglected the terms
corresponding to the hopping between atom B,
and atom B,, with the hopping energy y,, and the
terms corresponding to the hopping between atom
A, (A) and atom B, (B)) with the hopping energy
¥, The neglect of these hopping terms leads to the
minimal model of bilayer graphene [19]. The pa-
rameter t, (f,= 0.4 eV) is the hopping energy be-
tween atom A, and atom A, while V'is half the shift
in the electro-chemical potential between the two
layers. Similarly as in monolayer graphene, we ex-
press all the energies in the units of t. The atoms in
the sub-lattices A, and A, are positioned at R}, * =
pa, + qa,, in the sub-lattice B, the aptoms are posi-
tioned at R '! = §, + pa + qga, and in the sub-lattice
B, the atoms are positioned at R fji =-0 +pa +qa,
We search for the eigenvectors of the Hamiltonian
(7) in the form of the plane waves. The probabil-
ity amplitudes to find an atom in the sites R} 1> and
R} .2 of the sub-lattices A and A, are:

The coefficients (envelope functions) ¢*» and ¢’
obey the eigenvalue equations:

~Ect1 = Vet + P (k) + ye'z, ©))
~EcP1 = Vebi + chif (k) (10)
~Ec*2 = -Vch2 + o (k) + pctt, (11)

~EcP2 = - VP2 + ch2g (k). (12)
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Here energy E, potential V, and interaction be-
tween layers y =t /t are in the units of the hopping
integral t. Using the nearest-neighbour hopping
energy t = 2.8 eV and the hopping energy between
two layers ¢ = 0.4 eV, one gets y = 0.14.

2.1. Electron spectrum in the infinite sheet of
graphene

Since we are interested in configurations of gra-
phene with rectangular geometry, we use a rectan-
gular unit cell as in Ref. [14] and follow the names
of the variables and functions used in Ref. [21].
Such unit cell has four atoms labelled with symbols
I, A, p, 1, as shown in Fig. 1 (consider at this point
only one layer with the labels [, A, p,, 7, A, B).
The atoms with labels / and p belong to the sub-
lattice A, the atoms with labels A and r belong to the
sub-lattice B. The position of the unit cell is indicated
with two numbers, # and m. The first Brillouin zone
corresponding to the rectangular unit cell contains
the values of the wave vectors «, &. The eigenvectors
describing the system have the form of plane waves:

l//m,n,zx (K, g) — Ca (K, Oeifm+ix , (13)

where a =1, p, A, 1.
The coeflicients of the eigenvectors are:

X5
__ T39S
A o) a4
Gmse E((Z?) cmse L (19)
where
¢(K,§):S3ei§+2005(%) (16)

and s, = +1 indicates the dispersion branches that
appear due to a smaller Brillouin zone (for more
details see Ref. [21]). The energy is (with s, = +1):

E(x.&) :S1\/1+40082 (%}rsﬂcos(%jcos(%j.(ﬁ)

The zero energy points have coordinates [0, t 277[)

in the Brillouin zone corresponding to the rectan-
gular unit cell.

Since we consider finite-size graphene sheets,
evanescent solutions become important. We as-
sume that exponentially decreasing or increasing
solution can be obtained by taking x = i|x| or § = ||
in Egs. (14), (15) and (17).

2.2. Electron spectrum in the infinite sheet of bilayer
graphene

The form of the wave function is similar to mon-
olayer graphene, Eq. (13), only the labels change:

Vi, (6 §) = ¢ (16, e, 19

Here the label p = 1, 2 is the number of the layer. The
coeflicients of the eigenvectors are (from Ref. [21]):

i E(k,E)+V

= 1, ¢c,=—¢ , (19)
: : ¢(_Ka§)
¢- _5367% E(K,§)+V, ¢, = 5367%(“61 20)
l ¢(_K998) !
__P&,9)
cfz ¢(_K,§) f(l(',cj:),
<
¢,=s,85,e 2 % 1,8), 2
= i% E(K>§) -V
€= 53¢ —¢(_K,§) f(x,%),
=_ '%(’(_5) P(x,<$) (22)
cm st TS fE).
Heres, s, = +1 are the sign coefficients:
flegy = E&D P dHF o

Y(E(x.g)=V)

and the expression for energy is
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E(K,§>=s{77+ Ve lped)F

L

+s2\/77+ P, &) 4V +72)} : (24)

The function ¢(x, &) has the same expression as
Eq. (16), and V is the electrostatic potential applied
on one layer of bilayer graphene, while -V is ap-
plied on the other. The parameter y describes the
interaction between the layers in bilayer graphene,
y = 0.14, measured in the same units as energy.

In bilayer graphene there are two eigenstates
with wave vectors k" and x®, having different ab-
solute values but corresponding to the same ener-
gy: E (x0, &) = E (x?, £). One or both of the wave
vectors kY, k@ can be imaginary. The energy can be
equal only if the signs s, s, obey the condition

2) (@ = _g1) (1)
st s = —s{V s{b, (25)

It has to be noted that the sign coeflicients from the
set s, s,, s, in bilayer graphene are not necessary,
the same as in the single graphene equations.

In addition to the propagating waves, for finite-
size bilayer graphene sheets evanescent solutions
become important. We assume that exponentially
decreasing or increasing solution can be obtained
by taking x = i|«| or & = i|¢|. In addition to the pure-
ly imaginary & there are solutions, corresponding to
s, = -1, having complex values of &.

2.3. Calculation of wave vector from energy

From the dispersion of bilayer graphene (Eq. (24))
we obtain

2

4
Ez—% —V—|g|= SZJ%+|¢|2(4V2+ 7%). (26)

From this dispersion equation we find the expres-
sion for |§|*

| P=(EX VB @42V, (27)
It should be noted that when

2,,2
E? < V—]/ ,
ar* + y?
we get that |¢|* is a complex number. This means
that « is also a complex number and has both real

and imaginary parts.
We have that

2_ 2 é é .
|#|*=1+4 cos (2j+s34cos(2jcos(2j, (28)

therefore, the dimesnionless x-component of the
wave vector x can be expressed as

: -1
K=2arccos| s, L—% cos(éj . (29)

4cos(§j 2
2

The indices s, and s, can be calculated from the
equations (derived from Eq. (26))

EZ_K V2 2
ot +|¢

: (30)
J74+ RCETS!

S, =

and

E

7’ 7' |
| Ve[ HAF @)

2.4. Construction of wave functions for the junction

$1=

(31)

The graphene and bilayer graphene junction is con-
structed as shown in Fig. 2. The unit cells (indicat-
ed with two numbers n and m) are the same both
for graphene and bilayer graphene, just starting at
a certain cell n (we choose: n < 0) the upper layer
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Fig. 2. (Colour online) Perspective view of the graphene-bilayer graphene junction. The upper layer is connected
to the potential +V, while the lower layer to the potential -V.

of bilayer graphene is removed. Mathematically the
condition for the absence of the second layer is:

wm)n,az(x, =0, n<0. (32)

In particular, at the boundary

V00,6 6) = 0. (33)

The condition for connecting monolayer graphene
and bilayer graphene solutions is that amplitudes of
monolayer and bilayer graphene should coincide:

Vo ) =, (%8, (34)

Vo6 ) =9, (16, 8). (35)

We analyse the situation when the electron ap-
proaches the junction from the graphene side and
is partially reflected with the reflection probabil-
ity |R|>. The incoming electron wave vector com-
ponent « brings the phase e, while back reflect-
ed it is e™". Since the system is symmetric in the
transverse direction, we construct the combina-
tions for the wave vector component £ in the form
(ca(fj, K)el™ - ca(—c‘fj, x)e74m). Here & has the index
j for the general case when the discrete values of £
are used to describe the finite size system.

The form of the solution in monolayer graphene
then is:

l//m,n,ct(K’ f) = [Ca(gja K)eigjm —Cq(—gf K)e_ifjm] eixn

+ R[ca(fj, —K)e‘ff’”—cu(—fj. —K)e5m]ein, (36)

In bilayer graphene there are two wave vectors ",
k® corresponding to the same energy, thus we in-
troduce two coefficients T, and T,. The form of the
solution in bilayer graphene is:

l//m,n,ap(K’ E) = Tl [Cap(é‘f K(l))ei{im_cap(_ff K(l))e—iEjm]eik(l)n
+Tle, (§ ket ~c, (=&, —x e e (37)

From the boundary conditions (Egs. (33)-(35)) we
obtain three equations for three unknowns (R, T,
and T)).

2.5. Reflection and transmission amplitudes for
V=0

In the case when the external potential is zero,
V = 0, by inserting the expressions for the coeffi-
cients from Egs. (14), (15) and (19)-(22) we get:
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i) @
she 2 s@e 2

T,
P DE) ThwDE)

=0, (38)

i < s 2
si¢ 2+Rse 2=TsVe 2+T,sPe 2, (39)

K K
—i— i—

s,e 2 s;e 2

¢(—Ke‘) P,¢, )

L O
<1) 2 Da 2
e s;e
Ty tamey W
2
The solutions are:
D K(z) *
L PE) sVe 24sPe? 2se? (1)
P Kaégj) i& 1’8) -k
1 2
sie 2 +5Pe 2 —25e 2
2isi ) *"(l)*)
isin S, e>
L_pexig) G P .
_ D ,((2) K ’( )
VowE) o
st e 2 24502 g
7<z<(2)—x>
C o )
™ 21 Sln( JS3 e?

S R G
! .2

“)e 2 +s(2)e 2 2s.€

2.6. Reflection and transmission amplitudes forV> 0

With the potential -V the coefficients of the eigen-
vectors in graphene are (Ref. [21]):

_ R EwOTY

b Gt T ne s @
cl=—s3e_ig —E(K’§)+V, c,=s,¢ i) . (45)
T

By inserting the expressions for the coeflicients
from Egs. (44), (45) and (19)-(22) into boundary

conditions we get the equations:

PO

(1) 0 T2
oSS EE e

o

=5 i W2 @2
s, “+Rs.e “=1s5’¢ +71,s;7¢ ~,

s K
i all

s,e 2 s;e?
¢(—K§) 4G

,((1) @
Y
(1)e sPe 2

T,
Px V)

The solutions for these equations are

_efil( ¢(K’§j) F(K.(l) K.(Z) 5 )

2 2 _]

¢(_K 51)

K(2) ® P )
i — i—

x| 5P 2 —se? |—sVe 2 tse2
[ e L

% F(K.(l) K.(2) ) (2) 2 —5,€ 2

2
s;e ° +54e ,

G
1 (D + 5@
T E) HxE)

+T :
PP E)

=0, (46)

(47)

(48)

(50)
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, 4
X s§) sse 2
M -
R Mm@
1
—Isse 2 =sye 2/FcCk D) |, (51)

where F (xV,x?, f) f (&, f)/f(K(z) f) Further
we are interested in the reflection probablhty |R|? =

IR (x, E)P

[Re. )] =[] Fee o)

) i& ix . 1& it

X sg)e 2 —s,e? —s3()e 2+s,e?
2 L

x| FieW,c®.E )| sie 2 —s5e 2

e’ || . (52)

The electron transmission probability|T (x, £ )|* can
be found from the equation

76 ) =1-|Rix.& ) (53)

Both coefficients |T(, §)|* and |R(x, & )|* are tied by
the last relation and normalised to unity, thus it is
enough to analyse one of them by meaning that an
increase of reflection causes a decrease of transmis-
sion and vice versa.

3. Behaviour of reflection probability

3.1. Very large width of nanoribbons

For the infinite (large) width of the junction the
wave vector fj values change continuously and the
index j is not required. At first we analyse the de-
pendence of reflection when ¢ is close to the Dirac

2
point (& 27). As shown in Fig. 3, the reflec-

tion for every x at a certain value of the external
potential sharply drops to zero, thus the junction
becomes transparent for the electrons in a certain
state. That state corresponds to the electron energy
equal to the potential of the upper layer in bilayer
graphene. Further, with increased potential, reflec-
tion increases to the maximum value and holds in
a relatively wide potential range, then drops again
to the lower values. Thus it is possible to control
reflection (and transmission) through the barrier
by external potential. The junction acts as a tunable

(b}

b Geop in dispersion cirs:

tnll reflection

il

L The: poiint on the dispersian
bramch of total irnmsmission

[T wi L [ 10 FA iw

Fig. 3. (a) Dependence of reflection on the wave vector x and the external potential V. (b) The cut of the graph in

(a) at the potential V = 0.2.
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electron spectrum filter: with certain potential we
may pick which energy electrons can pass the bar-
rier without reflection.

3.2. Finite width of nanoribbons

We have a finite number of atoms N in transverse
direction, so the transverse wave vector fjcan ob-
tain only certain values, numbered with the index
j. These values determine the energy subbands. For
the armchair bilayer graphene ribbon of infinite
length with AB-« stacking, the wave vector f] is de-
termined by

7z

=—_  j=I,...,N. (54)
N +1

&

In graphene and bilayer graphene nanoribbons
with armchair edges the possible values of the
wave vector f], determine the system conductiv-
ity type, i. e. if there is an energy subband with
the threshold energy coinciding with the chemi-
cal potential (which is set to zero in our inves-
tigation), the conductivity becomes metallic,
otherwise bilayer graphene appears as semi-con-
ducting. When V=0and j'=2 (N + 1)/3 is an in-
teger, then the armchair bilayer graphene ribbon
is metallic and the index v=j - j* = 0 corresponds
to the zero-energy band. If 2(N + 1)/3 is not an
integer, the armchair bilayer graphene ribbon
spectrum has a gap, and the band closest to zero
is either j'= (2N + 1)/3 or j'= (2N + 3)/3 depend-
ing on which of these two numbers is an integer.
Thus the system with N = 100 is semiconducting
and with N = 101 it is metallic. The electronic re-
flection (and transmission) is also affected by the
width N of the nanoribbons.

By exploiting the relation (54) we show the
dependence of the reflection probability on the
longitudinal wave vector x and the distance, de-
scribed by the index v, from the zero energy band.
It appears that the reflaction probabilities for
metallic nanoribbons behave similarly as those
for semiconducting nanoribbons, so we show
only one type in Fig. 4. As one can see, when the
wave vector « is close to zero (corresponding to
the Dirac point), the reflection probability for
the bands with negative and positive indices v
are the same; this symmetry breaks with increas-
ing k. There are values of the external potential

(a) V=0

Fig. 4. Dependence of the reflection probability on the
wave vector kx and the subband index v at different po-
tentials: (a) V=0, (b) V=0.2,(c) V=1.8.

where total transmission occurs, as can be seen in
Fig. 4(b). In Fig. 4(b) the reflection probability at
certain values of k and v drops to zero.

4. Conclusions

An exact analytical description of the electronic
wave function at the graphene and AB-« stack-
ing bilayer graphene interface based on the tight-
binding model is presented. The model enables to
analyse the properties of the structure far away from
the Dirac point. We investigated the dependence of
probabilities of electron reflection and transmis-
sion through the junction on the external voltage
in bilayer graphene. We showed that transmission
or reflection could be enhanced at certain voltages.
This can be useful for the creation of a transistor
type device from graphene nanoribbons. The model
describing the system of the junction is suitable for
the extension to other configurations. In addition, a
finite width graphene and bilayer graphene nanor-
ibbon junction was analysed. It was shown that the
size of the ribbon affected the reflection of electrons
at the junction interface. It was shown that there
was no significant difference of reflection between
metallic and semiconducting bilayer graphene.
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Santrauka

Grafenas - tai lakstas, sudarytas i§ anglies ato-
my, i$sidésciusiy plok$tumoje heksagonine struktira.
Nuo 2004 m. juo susidométa dél specifiniy elektrony
pernasos savybiy. Buvo nustatyta, kad kravininky jud-
ris (kambario temperataroje) jame didZiausias i§ visy
iki $iol zinomy medziagy, o IBM firma jau pademons-
travo veikiantj lauko tranzistoriy, pagaminta i§ dvigu-
bo grafeno sluoksnio. Grafenas yra pusmetalis, netu-
rintis draustiniy energijy tarpo, o ties Fermi energija
buseny tankis lygus nuliui. Draustiniy energijy tarpas
yra reikalingas atlikti tranzistoriaus valdymo funkci-
jas. Bigrafene $is tarpas sukuriamas prijungus jtampa
tarp sluoksniy, o grafene, pasirodo, jis atsiranda, kai
grafeno lak$tas sumazinamas iki nanojuostos matme-
ny. Grafeno ir bigrafeno banginés funkcijos jau buvo
suskai¢iuotos ankséiau artimo rysio metodu. Siame
darbe buvo pasinaudota jau turimais sprendiniais ir
suskai¢iuota nauja grafeno ir AB-« konfigtracijos bi-

grafeno barjerinés sandiros bisenos funkcija, su kuria
pavyko analiziskai uzradyti elektrono pralaidumo per
sistema ir atspindzio tikimybes, iSreikstas elementa-
riomis funkcijomis. Si struktiira yra asimetrinio lauko
tranzistoriaus atitikmuo, kuriame uztarg sudaro vir$u-
tinis grafeno lakstas bigrafene. Veikiant i$oriniu elek-
triniu lauku, galima valdyti elektrony pralaiduma per
sistemg. Tokios pat sandaros sitema jau buvo nagrinéta
ir anksdiau, taciau tik tolydiniu artiniu, o pateikti dés-
ningumai néra pakankamai i$analizuoti. Siame darbe
suskaiciuota atspindzio tikimybés priklausomybé nuo
iSorinio potencialo tarp bigrafeno sluoksniy ir nuo
banginio vektoriaus. Nustatyta, kad potencialui didé-
jant atspindys rezonansiskai iSauga iki maksimalios
vertés (absoliutaus atspindzio), tada krinta iki minima-
lios (absoliutaus pralaidumo), t. y. galima tokig sistemag
valdyti iSoriniu potencialu. Taip pat nustatyta, kaip kei-
Ciasi sistemos savybeés, kai grafeno ir bigrafeno sandira
pagaminama ant baigtinio plo¢io nanojuostos.



