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I. INTRODUCTION

Nanometer sized quasi-circular graphene monolayer patches look very promising as a main component of
guantum devices. Such structures can be chemically synthesized [1] but more preferable from the point of
operational easiness are those produced by application of an electrical field of the STM tip to a graphene
plane which are called tip-induced or electrically confined graphene quantum dots (GQD) [2]. Theoretical
treatment of this type of quantum dots attracts a lot of attention last two decades. Theoretical consideration
of a quasi-circular GQD with a radius ro has been performed in [3,4,5] on the basis of free pseudo-Dirac
fermion model with a step-like confining potential V(r)=Vo8(r-ro). The authors of [4,5] assume the existence of
quasi-bound states (with a complex energy where the imaginary part of the energy corresponds to the
inverse life-time of the state) which represent themselves resonances in a scattering amplitude for the
system under consideration. Such an approach attracts much attention both from theoretical point of view
[6,7] and from the experimental one [8,9], though its mathematical ground seems not enough clear.
Moreover, the pseudo-Dirac fermion models give no consistent description especially for the so called
"quasi-zero energy" levels of the system. Natural questions arise what is a precise meaning of the resonance
conditions and either exist real reasons to transfer consideration of the problem into the energy complex
plane. These are the motives for our reconsideration of the problem. In this report we focus attention on
applicability of free pseudo-Dirac fermion models to the problem of GQDs and the existence of quasi-bound
states for the GQDs.

II. THEORETICAL APPROACH

For two dimensional systems, solutions of the radial part of the pseudo-Dirac equation in a regions with a
constant potential are given as a linear combination of the Bessel functions Jm(|€r), Ym(|¢|r) of the first and
second kind (m is a magnetic quantum number related to radial and polar angle variables separation, ¢ is
defined as a difference of the energy and the value of the confining potential being a constant 0 or Vo in two
regions r<ro, r>rg). The Bessel functions behave as sine and cosine functions at large values of their
argument. It means non-normalization of the solutions in a whole space and, accordingly, the absence of
the bound states in such a model system. We construct eigenstates for this problem of circular GQD with a
step-like potential by matching the wave functions on the boundary of the quantum dot. Inside GQD we
choose a non-zero coefficient ci,n at first kind Bessel function and c,;n equal to zero at second kind Bessel
function (because this function is singular in the origin) in the linear combination. Outside the dot the
coefficients are chosen from the condition of the continuity of the both component of the spinor wave
function. This condition determines unknown coefficients Ci,in C1,0ut, C2,0ut UP t0 @ common factor as it should
be for linear equations. The solution exists for real energies (real eigenvalues) and corresponds to a
scattering state (see Figure 1).

Figure 1. Upper and lower components of the spinor eigenfunction for the case m=0, £€=0.09, V,=3.
IIl. RESULTS AND DISCUSSION

We have shown that there is no resonant condition (associated with appearance of quasi-bound state) as it
was erroneously stated in [4]. The origin of the mistake in [4] was an assumption on the value for the phase
of the wave function at infinity that led to additional condition between c1,ou, C2,0ut besides the matching ones.
The last made the linear system to be overcomplete and, as a result, inconsistent for all real energies except
e=Vy (state at the edge of the well). We also reproduce the appropriate theoretical derivation for the
scattering problem (when one assumes the plane wave incidence on the GQD) and demonstrate explicitly
that the resonance condition found in [5] corresponds to the inconsistent system of linear equations
obtained from the spinor wave function matching conditions on the boundary of a quantum dot. , or (in the
above mentioned special case €=Vy) directly to a regime of a total wave reflection from a quantum dot rather
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than to a some kind of temporal trap regime that could be associated with quasi-bound states. The results of
our consideration can be stated as the necessity of alternative approaches to the GQD theoretical
description.

In our recent publication [10] it has been demonstrated that electronic properties of such electrically confined
GQDs can be described by application of the concept of pseudo-potential together with the usage of the
quasi-relativistic graphene model developed earlier in [11] (see also references in [10]). GQD in this
consideration is represented as a supercell with a definite type of boundary conditions. These boundaries
are connected with two topologies of the GQDs: 2D-sphere and 2D-torus. On the basis of this model it has
been demonstrated a nice correspondence between our theoretical and experimental results [8,9] on quasi-
zero energy part of GQD spectra of a system under consideration contrary to existing toy models (see [4-6]
and the references therein).
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