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The spectra of the Dirac quasi-electrons transmission through the Fibonacci quasi-periodical superlattice (SL)
are calculated and analyzed in the continuum model with the help of the transfer matrix method. The one-
dimensional SL based on a monolayer graphene modulated by the Fermi velocity barriers is studied. A new qua-
si-periodical factor is proposed to be considered. We show that the Fibonacci quasi-periodic modulation in
graphene superlattices with the velocity barriers can be effectively realized by virtue of a difference in the ve-
locity barrier values (no additional factor is needed and we keep in mind that not each factor can provide the
quasi-periodicity). This fact is true for a case of normal incidence of quasi-electrons on a lattice. In contrast to
the case of other types of the graphene SL spectra studied reveal the remarkable property, namely the periodic
character over all the energy scale and the transmission coefficient doesn’t tend asymptotically to unity at rather
large energies. Both the conductance (using the known Landauer—Buttiker formula) and the Fano factor for the
structure considered are also calculated and analyzed. The dependence of spectra on the Fermi velocity magni-
tude and on the external electrostatic potential as well as on the SL geometrical parameters (width of barriers and
quantum wells) is analyzed. Using the quasi-periodical SL one can control the transport properties of the
graphene structures in a wide range. The obtained results can be used for applications in the graphene-based

electronics.

PACS: 73.21.Cd Superlattices;

73.63.-b Electron transport in nanomaterials and structures.
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Introduction

Graphene and the graphene-based structures draw the
great attention of researchers in recent years. It is ex-
plained by the unique physical properties of graphene, and
also by good prospects of its use in the nanoelectronics
(see, e.g., [1-4]). It is convenient to control the behavior of
the Weyl-Dirac fermions in graphene by means of the ex-
ternal electric and magnetic fields, and a lot of publications
are devoted to the corresponding problem for this reason.
Recently one more way of controlling the electronic pro-
perties of the graphene structures, namely by means of the
spatial change of the Fermi velocity was offered [5-10].
Some ways of fabrication of structures in which the Fermi
velocity of quasi-particles is spatially dependent value
were approved [5,6]. This achievement in the technology
opens new opportunities for receiving the nanoelectronic
devices with the desirable transport properties.
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It is known that the solution of this problem can be
promoted to the great extent by use of the superlattices.
This explains the emergence of a number of publications in
which the charge carriers behavior in graphene super-
lattices of various types is investigated; these SL include
the strictly periodic, the disordered ones, SL with barriers
of various nature — electrostatic, magnetic, barriers of Fermi
velocity (under which we understand the areas of graphene
where quasi-particles have different Fermi velocity, smaller
or bigger than in the pristine graphene). In particular, in
recent papers [7] and especially [11] the influence of the
Fermi velocity barriers on the electronic properties of the
strictly periodic graphene superlattices was analyzed. It
was shown that it is possible to tune the transmission rates
from zero to unity only changing the Fermi velocity, also
to control the energy gap value and the amplitudes and
location of the resonant peaks in the conductivity.
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Among the specified works, there are some devoted to
the quasi-periodic graphene SL [12-16]. The quasi-perio-
dic structures, as known, possess the unusual electronic pro-
perties of special interest (see, e.g., [17]), such as self-si-
milarity, the Cantor nature of the energy spectrum, etc.

Motivated by the circumstances stated above we formu-
late the purpose of this work as follows: to study the main
features of the transmission spectra of the quasi-periodical
graphene-based Fibonacci superlattices with the velocity
barriers. We show that using the quasi-periodic superlattices
gives the additional possibilities to control the transport
properties of the graphene-based structures flexibly. We
choose the Fibonacci SL because they are considered as
the classical quasi-periodic objects, and the majority of the
works associated with research of the quasi-periodic sys-
tems deal merely with them.

Model and formulae

Consider the one-dimensional graphene superlattice in
which regions with various values of the Fermi velocity are
located along the Ox axis: elements a and b refer to v, and
vy, Vvelocities, respectively. Elements a and b are arranged
along SL according to the Fibonacci rule so that, for example,
we have for the fourth Fibonacci generation (sequence):
s4 = abaab. Generally, between the barriers corresponding
to elements a and b, there is a quantum well for which the
Fermi velocity is equal to unity as in a pristine graphene:
Ly, = Lg-

As we consider graphene in which the Fermi velocity is
dependent on the spatial coordinate r, i.e., v=v(r) the
quasi-particles submit to the massless Weyl-Dirac type
equation;

-ine- V[ \Po(r)o(r) [o(r) =Eo(r).

where 6 =(oy;0y) is the Pauli two-dimensional matrix;
o(r)= [¢A (r);ép (r)]T is the two-component spinor, T is
the transposing symbol. Introducing an auxiliary spinor
o(r)= \/@q)(r) one can rewrite equation (1) as follows:

—inv(r)e- Vo (r)=Ed(r). )

Assume that the external potential consists of the peri-
odically repeating rectangular velocity barriers along the
axis Ox and potential is constant in each jth barrier. The
external electrostatic potential U may also be present and
inside each barrier Uj(x) = const (piece-wise constant po-
tential). In this case using the translational invariance of
the solution over the Oy axis it is possible to receive from
the Eq. (2):

A2Dag [y o
dT'F(k'—ky)q)A’B :0, (3)

j
where indices A, B relate to the graphene sublattices A and
B, respectively, k; =[E—Uj (X)]/oj, measurement units
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h=vy =1 are accepted. If we represent the solution for
eigenfunctions in the form of the plane waves moving in
the direct and opposite direction along an axis 0x, we de-

rive
igix 1 —-ig;ix 1
cI)(x):[ajeqJ [QT}rbje 9 [g}ﬂ, 4)

where g =ka2—k§ for kJ2 >k§ and q; =i,/k§—ka oth-

erwise, gJi =(J_rqj +iky)uj /(E—Uj), the top line in (4)

pertains to the sublattice A, the lower one — to the
sublattice B.

The transfer matrix which associates wave functions in
points x and x + Ax reads

i sin (qux)

cos(qux+9j) ’

1 cos(qux—ej)
j_C(’S@j isin(qux)

®)

where 0; =arcsin (ky /kj ).

Meaning that the Fermi velocity depends only on coor-
dinate x, i.e. v(r)=v(x), it is possible to receive the
boundary matching condition from the continuity equation
for the current density as follows:

Vo0 (46w ) = you 6w ). ©)

where indexes b and w relate to a barrier and a quantum
well, respectively, Xpy is the coordinate of the barrier-well
interface. The coefficient of transmission of quasi-electrons
through the superlattice T(E) is evaluated by means of a
transfer matrix method and it is equal to 7" =| 1 |2,

2cos 6

t= ~io i0 :
Rppe 0 +Ry1€7° —Rjp —Ryg

where 8y is the angle of incidence of the quasi-particles on

the lattice and the matrix R is expressed via the product of
N

the matrices M;: R =HM]- , N is the total number of
j=1

elements in the SL. Energy ranges for which the coeffi-

cient of electron transmission through the lattice is close to

unity form the allowed bands while the energy gaps corre-

spond to values T << 1. Now we have an opportunity to

proceed with analyzing the obtained results.

Results and discussion

Unlike the energy spectra for the known quasi-periodic
superlattices, including the graphene ones (see, e.g.,
[7,15,16]), the spectra of the graphene-based SL with the
velocity barriers are periodic over all the energy scale, and
the transmission rate T doesn’t tend asymptotically to unity
at rather large energies. For comparison, dependences of
log T(E) are given in Fig. 1(a) for the Fibonacci fourth
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Fig. 1. Dependences of log T on energy E for the SL modulated by: (a) different values of the Fermi velocity and (b) different magni-

tudes of the energy gaps.

generation for SL in which the quasi-periodic modulation
is achieved due to different values of the Fermi velocity,
and for SL on the basis of the gapped graphene in which
the quasi-periodic modulation is due to different values of
gaps (calculations are carried out on the basis of our previ-
ous work [15], Fig. 1(b)). The values of the parameters are
as follows: for the first case w = 10 nm, d = 20 nm, v, =1,
v, = 2, for the second case w =d = 10 nm, Ay = 0.08 eV,
Ap = 0, where A denotes the gap’s width, d and w denotes
the barrier and the quantum well width, respectively. All
calculations (for all figures of this paper) were carried out
for the case of the normal incidence of electrons on the
superlattice. (Note that in accordance with the known Lan-
dauer-Buttiker formula the electrons with ky = 0 make the
main contribution to the conductance).

It is seen that a certain periodicity of spectra takes place
in the second case (this fact hasn’t been noted in the litera-
ture as yet) but the amplitude of peaks (and the correspond-
ing gap’s width) decreases with increasing in E, on aver-
age. The allowed band width increases on average with E
increasing and the coefficient of transmission T eventually
approaches to unity. This “wavy damped oscillation” in
Fig. 1(b) is associated with such property of the spectra as
their self-similarity (e.g., [15]). Note that the narrowing of
gaps occurs very rapidly. Parameters for the spectra in
Fig. 1 are chosen so as to show that their structure for the
graphene SL of different nature may be similar. The differ-
ence of two spectra is explained by that the velocity barri-
ers are dependent on energy [9]. If we make an analogy
between tunneling of quasi-particles in graphene through a
rectangular electrostatic barrier and tunneling through a
velocity barrier, for the potential of the last it is necessary
to write down

U(E)=E-E/v, )

in other words expressions for the transmission coefficient
T in the specified cases coincide if the condition (7) is sat-
isfied. This formula explains the fact that spectra of T(E)
for SL with the velocity barriers are periodic over all the
energy scale. It is quite naturally that the expression for the
transmission rates comprises the term that directly deter-
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mines the spectra periodicity (see, e.g., the recent papers
[7,19,20]).

Note further that the graphene superlattices with the ve-
locity barriers are characterized by a rich variety of the
energy spectra, and also by their high sensitivity to minor
changes in geometrical parameters of a lattice. This state-
ment is correct in relation not only to quasi-periodically
modulated SL, but to strictly periodic lattices as well and it
allows for controlling the energy spectra in a wide range.
In the general case, i.e., for arbitrary values of the parame-
ter values, the energy spectra demonstrate a set of irregu-
larly spaced of allowed and forbidden bands. However for
some sets of the parameter values spectra are regular and it
is natural to take them for analysis in the first place; exam-
ples of such spectra are shown in figures of this paper.
(The same conclusion in relation to the strictly periodic SL
with the velocity barriers was done in [19,20].)

Apparently, depending on the parameters of the prob-
lem under consideration spectra may differ from each other
significantly; they can reveal the simple form with the
small minimal period equal to several energy units, but
also they can expose much more complicated pattern of
bands with the minimal period of several tens of energy
units. Each set of values of parameters provides the origi-
nal specter with its own minimal period and substructure.
In the minimal period of each specter, there is a point with
respect to which the specter is symmetric and besides each
specter exhibits a symmetric substructure (e.g., Fig. 1(a)).

Let us now consider some concrete energy spectra of
the graphene Fibonacci SL modulated by the velocity bar-
riers. Figure 2 shows the trace map for the initial Fibonacci
generations of the SL in which the quasi-periodic modula-
tion is created due to different values of the velocity barri-
ers, namely v, =1, vy =2, d = 10 nm, w = 5 nm, the en-
ergy range is selected to be the minimal period equal to
2m eV. The trace map investigated is characterized by the
following features. For the taken set of parameters which
corresponds to the trace map in Fig. 2 each Fibonacci gen-
eration forms spectra with a regular arrangement of the
energy bands, and each of them exposes its own geometry.
The higher generation is, the spectra of more complex pat-
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Fig. 2. Trace map for the initial Fibonacci generations, values of
the parameters are as follows: d = 10 nm, w =5 nm, vy =1, v, = 2.

tern correspond to it. Note that spectra of higher genera-
tions are strongly fragmented (therefore we don’t represent
them), and besides fragmentation degree increases signifi-
cantly with increase in geometrical SL parameters d, w.

With increasing the number of the Fibonacci sequence
the number of gaps increases and their total width becomes
larger. The fragmentation of the allowed bands in all gen-
erations starting from the third one occurs in accordance
with the property of the self-similarity. Note also that, for
some energy ranges, there are gaps in every Fibonacci se-
quence.

It should be noted further that in certain fixed energy are-
as, the Fibonacci inflation rule is satisfied: z, = z,_; +2,_5,
where z, is number of bands in the nth Fibonacci genera-
tion. The minimal such energy range is shown in Fig. 2.
The numbers of the allowed bands in the consequent Fibo-
nacci generations for the parameters chosen are 5, 8, 13, 21
for the 2d, 3d, 4th and 5th sequences, respectively.

The main conclusion from the spectra presented is as
follows: Fibonacci quasi-periodic modulation in graphene
superlattices with the velocity barriers can be effectively
realized by virtue of a difference in v, and v values, i.e.
in value of the velocity barriers (no additional factor is
needed). And this fact is true for a case of normal inci-
dence of quasi-electrons on a lattice. (Therefore, the state-
ment of authors of [14] that in graphene-based SL (in con-
trast to other SL), the quasi-periodic modulation can be
“manifested only at oblique incidence” of the Weyl-Dirac
electrons on a lattice isn't correct. As the results of this
work demonstrate (and also the results of the previous
works [13,15,16]) the implementation of the quasi-periodic
modulation depends on a quasi-periodicity factor, and we
see that if this factor is realized either due to different
magnitude of the velocity barriers (as in this work), or by
virtue of different values of gaps (as in [15,16]), the quasi-
periodic modulation takes place not only at inclined inci-
dence of quasi-particles on a lattice but also at their normal
incidence.)

We have shown above that the Fibonacci quasi-periodic
modulation in the graphene SL can be created due to dif-
ferent Fermi velocity values in the SL barriers. There is
another way to form an effective quasi-periodic modula-
tion in the SL under consideration and it is due to different
values of the electrostatic barriers in different elements of
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the array while maintaining the velocity the same along the
lattice chain. The external electrostatic potential U has a
significant impact on the electron transmission and it is
convenient to tune the transmission spectra with the help of
this potential. Let us first consider briefly the effect of the
external potential U on the strictly periodic SL with the ve-
locity barriers. Denote the potential in elements a and b as
Uz and Uy, respectively; U = Uy, for the strictly periodic SL.
The potential barriers are considered to be the piece wise
constant, they are located along the SL chain (Ox axis). The
changes in the transmission spectra caused by the electro-
static potential are illustrated in Fig. 3 and are as follows:
1) a new (additional) gap appears between the two adjacent
gaps which exist in the case of U = 0; 2) a shift of all gaps
is observed and it depends on the value of U; 3) the gap
width depends on U also.

These changes are governed by the important property
of the spectra — they are periodic with the potential U. For
example, for the parameters of Fig. 3, spectra return to
their initial state at intervals U = 0.25n eV, n is an inte-
ger, i.e., the additional gap due to the external potential U
doesn’t appear. This means that for certain values of U the
electrostatic barriers are perfectly transparent for the Di-
rac-Weyl quasi-electrons and thus there is a kind of the
Klein paradox manifestation in the SL under consideration.
(If v, =vp = 1 we have T(E) = 1 for all energies and val-
ues of U due to the Klein tunneling.) The widening of gaps
is accompanied by the narrowing of those gaps which re-
late to the SL with the velocity barriers for U = 0.

E, eV
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Fig. 3. Transmission spectra for the various values of the electro-
static potential U, eV: 0 (a), 0.16 (b), 0.36 (c); the other parame-
ters: vg =vp =2,d =10 nm, w=5nm.
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The magnitude of the period oscillations can be found
from the following considerations. According to the Bloch
theorem we can write

cos[B(d+w)|=1/2Tr(MM,), (8)

d + w is the lattice period. Calculation of the right side of
this equation for the case of normal incidence of electrons
yields the expression

cos[B(d +w)]=cos[(E-U)d/v+Ew], (9)

L =VUg = Up.
The last formula yields a value for the period of oscilla-
tions in the transmission spectra

38U =nrv/d. (10)

This expression determines the dependence of the peri-
od dU on the SL geometric parameters (it is inversely pro-
portional to the barrier width and holds for each value of
the quantum well width) and on the Fermi velocity. Note
that formula (10) holds well even for a small number of the
SL periods.

Figure 4 shows a trace map for the SL under considera-
tion for the difference AU =U, —Uy =0.08r eV, other pa-
rameters as in Fig. 3, the energy interval is chosen to be
equal to the minimal period in Fig. 4. In general, its char-
acter is similar to that plotted in Fig. 2 but some of its fea-
tures must be noted here. This trace map is regular and
gaps are wider than for other values of AU even if they are
larger than that is if the quasi-periodic factor is stronger.
This is due to the fact that the spectra for the Fibonacci SL
considered preserve the property of the periodicity in the
case of Uy # Up and the factor of the quasi-periodicity is
the secondary to the main property of periodicity. For val-
ues of AU = 0.5n eV the quasi-periodicity doesn’t manifest
itself at all and spectra repeat the initial state, i.e., the one
for U= 0. The greatest splitting of the allowed bands is
observed for values of AU slightly higher than n. The trace
map is not regular and symmetric for the arbitrary parame-
ter values (for the general case when U # 0.25n eV).

We see that the trace map in Fig. 4 is divided into two
parts by the gap for energy equal to a little more than
0.8 eV (for AU chosen). The number of bands is subjected

Sk _—

4 — — —— — — - —_ =

n 3 —

2=

Fig. 4. Trace map for the initial Fibonacci generations of the SL
with the parameters: U, = 0, U, = 0.25 eV, vg=vy = 2,d =
=10 nm,w=5nm.
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to the Fibonacci inflation rule in every part: for the initial
Fibonacci generations we have the sequence of numbers 3,
4,7,11... and 1, 2, 3, 5... in the left and right parts, re-
spectively, and totally 4, 6, 10, 16... which differs from the
case of Fig. 2.

Pay particular attention to the broad (lower energy)
bands in each Fibonacci generation in Fig. 4. They corre-
spond to the so-called additional or superlattice Dirac
bands in a periodic lattice [22]. It plays an important role
in the controlling of the SL energy spectra since it is robust
against the structural disorder. The location of the middle
of such a band (mid-gap) Ep is determined by the condi-
tion [22]

qqd +q,w=0, (11)
which yields
Ep = Ud/(d+vw). (12)

This equation for the position of the Dirac superlattice
gap is well satisfied for a wide range of the parameters
involved even for a small number of the SL periods. The
Dirac band width depends on the problem parameters and
may be less than the width of the other (Bragg) bands (see,
e.g., [15,16,18]).

Similar Dirac superlattice gaps exist also in the case of
the quasi-periodic Fibonacci SL investigated. The mid-gap
position of such a gap may be approximately found by the
Eq. (13) (for not a large difference between Uz and Up).
Note further that a characteristic feature of the SL Dirac
band is that it doesn’t depend on the lattice period d + w,
but it is sensitive to the ratio w/d. This is illustrated in
Fig. 5 where log T(E) is plotted for the fourth Fibonacci
generation with the parameters: v =2, U3 =0.32 eV, Up =
=0.28 eV, the dashed line in Fig. 5(a) corresponds to values
d =8 nm, w=6 nm, for the solid line d = 9.6 nm, w= 7.2 nm;
for the solid line in Fig. 5(b) d = 6 nm, w = 8 nm, for the
dashed line d = 8 nm, w =6 nm.

We have calculated also the values for the structure
considered that can be measured in practice namely the
conductance and the Fano factor using the known formulae
(it is convenient to use the dimensionless conductance, see,
e.g., [22] and references therein):

/2
G'= | T(E ky)cosodo, (13)
0

n/2
I T(1-T)cos6d6
_-m/2
F= /2
I T cos0d6
-n/2

(14)

Values of G'(E) and F(E) depends in general on the geo-
metric parameters of the superlattice, on the number of SL
periods, on the external potential and on the Fermi velocity
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| (b)

Fig. 5. (Color online) Dependences of log T on energy E for the fourth Fibonacci generation, values of the parameters: v = 2, U, =
=0.32eV, U, =0.28 eV, the solid line in (a) corresponds to values d = 9.6 nm, w = 7.2 nm, for the dashed line d =8 nm, w = 6 nm, for
the solid line in (b) d = 6 nm, w = 8 nm, for the dashed line d =8 nm, w = 6 nm.

magnitude in different elements of the lattice. The depend-
ence of G' and F on the quasi-electron energy E is present-
ed in Figs. 6, 7 for the strictly periodic superlattice with the
parameters: d = w = 10 nm, Uy = Up = 0, the number of
the periods n = 8, v, = 2, 3, 4 for the curves in Figs. 6(a),
6(b), 6(c) and 7(a), 7(b), 7(c), respectively.

We see that the dependences of G' and F on E are indeed
sensitive to the Fermi velocity value; G'(E) significantly de-
creases with increasing of vy, and the Fano factor deviates
substantially from the universal value of 1/3 for the most val-
ues of the parameters involved being close to unity in those
areas of energy which correspond to wide gaps in the T(E)
dependence. Note also that we chose the values of the pa-
rameters so that the minimum number of the minima in the
G'(E) dependence (in one period) is exactly equal to the Fermi
velocity values in the barrier regions, namely vy, = 2, 3, 4 for
the curves in Figs. 6(a), 6(b), 6(c), respectively; the size of one
period becomes larger with the Fermi velocity increasing and
it is equal to 2w, 3=, 4 in Figs. 6(a), 6(b), 6(c), respectively
(the periodicity of the spectra for the graphene structures with
the velocity barriers was analyzed in detail in [19,20]).

0

Values of the Fermi velocity in Figs. 7(a), 7(b), 7(c) are
equal to v = 2, 3, 4, respectively.

Figure 8 shows the spectra for G'(E) and F(E) for the
SL containing the fourth Fibonacci generation with the pa-
rameters: d = w = 10 nm, Ug = Up = 0, v, = 2. We used
only 2 superlattice periods and, interestingly, this is enough
for realization of the efficient quasi-periodic modulation.
The minima in the conductivity are associated with the
maxima in the Fano factor dependence on E.

The calculations show that there are regions in the G'(E)
and F(E) dependences which correspond to the Dirac super-
lattice gaps. These energy areas do not change their posi-
tion as the value of the lattice period d + w changes, while
the other extremes are shifted on the energy axis. At the
same time, the Dirac gap position is sensitive to the ratio
d/w. This is evident from Fig. 9 for the SL for the fourth
Fibonacci generation with the parameters: d =9.6 nm,
w = 7.2 nm for Figs. 9(a), 9(c) and d = 8 nm, w = 6 nm for
Figs. 9(b), 9(d), other parameters are as follows: vg = 2,
Ua=0.32¢eV, Up=0.28eV.
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Fig. 6. Dependences of the conductance on energy for the strictly periodic SL with different Fermi velocity values v, = 2 (a), 3 (b), 4 (c).
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Fig. 7. Fano factor versus energy for the strictly periodic SL with different Fermi velocity values.
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Fig. 8. Dependences of the conductance (a) and the Fano factor (b) on energy for the SL related to the fourth Fibonacci generation.
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Fig. 9. Dependences of the conductance (a), (b) and the Fano factor (c), (d) for the SL for the fourth Fibonacci sequence with different

values of U, d, w.

Conclusions

We analyze the transmission spectra of the Fibonacci
superlattice based on graphene modulated by the Fermi ve-
locity barriers. The dependences of the transmission rates,
of the conductance and of the Fano factor on the quasi-
electron energy are calculated and analyzed. The quasi-
periodic modulation can be realized due to different values
of the velocity barriers or due to different values of the
external potential in the SL elements a and b. Contrary to
the case of other types of the graphene SL spectra studied
reveal the periodic character over all the energy scale and
the transmission coefficient doesn’t tend asymptotically to
unity at rather large energies. The periodic dependence of
the considered spectra on the magnitude of the external
electrostatic potential is observed the period being propor-
tional to the quantity nz (n is an integer) and inversely
proportional to the barrier width. Spectra demonstrate the
rich variety of configurations (patterns) of the allowed and
forbidden bands location dependent on one hand on the
Fermi velocity magnitude and on the other hand on the SL
geometry; for some special parameter values, they expose
the regular character, symmetrical with respect to a certain
point. Spectra of higher generations are strongly fragment-
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ed and besides fragmentation degree increases significantly
with increase in geometrical SL parameters d, w (the width
of the barrier and of the quantum well, respectively). The
higher generation is, the spectra of more complex pattern
correspond to it. In the certain fixed energy areas the spectra
are subjected to the Fibonacci inflation rule: z, = z,_; + z,_5,
where z, is the number of bands in the nth Fibonacci gen-
eration. There is another way to form an effective quasi-
periodic modulation in the SL under consideration and it is
due to different values of the electrostatic barriers in dif-
ferent elements of the array while maintaining the velocity
the same along the lattice chain. The dependence of the
conductance on energy reveals the periodical character
and, in particular, one can choose the values of the parame-
ters so that the minimum number of the minima in the
G'(E) dependence (in one period) is exactly equal to the
Fermi velocity values in the barrier regions. The SL Dirac
gaps are present in the spectra and their location depends
on the velocity barriers value, on the value of the external
potential as well as on the SL geometrical parameters. The
results of our work can be applied for controlling the ener-
gy spectra of the graphene-based devices.

It’s a pleasure for us to express our gratitude to Dr. S.1.
Litvynchuk for the technical assistance.
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EHepreTuyHi cnekTpu kBasi-nepiogn4Hol
HaArpaTku Ha OCHOBI rpadeHy

A.M. Koponb, A.l. CokoneHko, |.B. CokoneHko

B koHTHHYyanbHil Moaei MeTogoM TpaHchHEepHUX
MaTpHUllb PO3PaxOBaHO Ta MPOAHAII30BaHO CHEKTPH
TpaHcMicii AipaKiBChbKHX KBa3ieJIeKTPOHIB Kpi3b KBa-
3inepiognuny Hagrparky (HI') ®ibomawui. Posris-
naetbest onHoBuMipHa HI' Ha ocHOBI MOHOLIApOBOTO
rpadeny, MoaynproBaHa Oap’epamu mBHIKOCTI Dep-
Mi. 3arponoHOBaHO BUKOPUCTATH HOBHI KBa3imepio-
nuaaAid  gakTtop. IlokasaHo, Mo KBasimepiogudHa
monymsniss Pidonauyi B rpadeHOBUX Haarpatkax i3
6ap’epamu mBuaKkocTi Depmi Moke OyTH ePEeKTHBHO
pearizoBaHa 3aBAsSKM Pi3HHLI B 3Ha4CHHsIX Oap’epiB
niel mBuAKOCTI (HomaTkoBhil (akTop He mMoTpideH, i
CIIiJ 3a3HAYUTH, IO HE KOXKeH (akTop Moxke 3abe3-
NeYNTH KBasdinepiogmuny Moxyismiro). Llei dakr
CIpaBeIMBUH AJIs BUIAAKY HOPMAIBHOTO IaJiHHSA
KBa3ieJIeKTPOHIB Ha rpatky. Ha BimaMmiHy Bix iHmmx
TUMIB BUBYEHHUX CIEKTPIiB TpaHcMicii B rpadeHOBUX
HI' B 1aHOMy BHUINaJKy BUSBIISETHCS HETPUBialbHA 1X
BJIACTHBICTh — MEPIOANYHICTD MO BCIH LIKaNi eHep-
rii, Tak mo Koe(ili€HT IPOIyCKaHHS He HaOImxKa-
€THCSl ACHMITOTUYHO JI0 OJUHHLI IIPH JOCTATHBO BH-
COKHMX eHeprisix. Po3paxoBaHO Ta IpoaHai30BaHO
MPOBIAHICTh (3 BUKOPHCTaHHAM BiZoMoi (opmynn
Jlannayepa—byrrikepa) ta ¢akrop ®Pano s maHoi
cTpykTypu. IIpoaHani3oBaHO 3aJeXKHICTh CIEKTPIB
BiJl BEIMYWHM MBUAKOCTI DepMi Ta BiJl 30BHIIIHBOTO
€JIEKTPOCTaTHYHOTO MOTEHIlially, a TAKOX Bij reome-
TpuyHMX mapaMeTpiB HI' (mupun 6ap’epis 1 KBaHTO-
BUX siM). BHKOpPHCTOBYIOUM pO3MIISIHYTI KBasimepio-
nuuni - HI, MOXHaA  peryioBaTd  TPaHCHOPTHI
BJIACTHBOCTI Irpa)eHOBHX CTPYKTYpP B IIUPOKOMY Ji-
anasoHi ix napamerpiB. OTpuMaHi pe3ynbTaTH MO-
KyTb OyTH BUKOPUCTaHi JJIS 3aCTOCYBaHHS B CJIEKT-
POHiIi Ha OCHOBI rpadeHy.

KirowoBi cnoBa: rpaden, nHaarpatka @DiboHaudi,
6ap’epu mBHIKOCTI DepMi, CIIEKTPH TPAHCMICII.
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