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AHoTalisa

Hocniosicyemoest  63a€mM00ist  eeKmMpoHi6 3 GIYUHANLHOIO NOBEPXHEI0, KA — YMEOpeHa Mepaconodionum
nepioouyHUM pPO3NOOLIOM AMOMIE HA SPAHUYHIL NoGepXHi Kpucmany. Enexmponna cucmema posensioaemvcs y
HAOIUMNCEHHT CUNLHO20 36'A3KY, IKe 00360JIAE 8PAXY8aAmu 30ypeHHsl, BHeCeHe BIYUHATbHOIO NOGepXHel0, He3nocepeoHbO
6 onepamopi Iaminomona.B 00HO30HHIl 6epCii HAONUIICEHHSI CUNLHO20 36'A3KY OOUUCIEHO MAMPUYHI eleMeHmu
nepexoois, GUKIUKAHUX PO3CIAHHAM eleKMpPOHi6 HA mepacax GiyunaivHoi nogepxui. Ilokaszano, wo umMosipHicmo
nepexooy micmums iHmeppepeHyitini KOMNOHEeHmMU | epexm nepexpecHozo posCisiHHsA K HA mepacax, max i Ha
CMIHKAX CXOOUHOK.

KuiouoBi cjioBa: BillMHaNbHA MOBEPXHS, IHTEIPAIN MEPEKPUTTS. OMepaTop 30ypeHHsI, aMIUITy1a KBaHTOBHX
TIepexo/IiB.

Abstract

The interaction of electrons with the vicinal surface, which is formed by a terrace-like periodic distribution of
atoms on the boundary surface of the crystal, is studied. The electronic system is considered in the tight-binding
approximation, which allows to take explicitly into account the perturbation introduced by the vicinal surface directly
in the Hamilton operator. It is shown that the transition probability contains interference components and the cross-
scattering effect both on the terraces and on the walls of the steps.

Key words: vicinal surface, overcup integrals. perturbation operator, amplitude of quantum transitions.

In the process of crystal growth, its atomic surfaces formed by self-assembling technology, as a rule,
are not atomically smooth purely atomic planes.Rally on the surface of growth the appearance of terraces
and steps take place.Interacting by repulsive forces they push away from each other and finally usually
create periodic structures known as vicinal surfaces. An example of such structures is illustrated in Fig.1
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Fig.1 Periodic system of terraces on the surface of gold (borrowed from the review "Surface states
at Vicinal Surfaces")

The study of electronic states on vicinal surfaces and the scattering of electrons by these
surfaces manifests considerable practical interest. Referring to examples. represented in [1], it is
worth to subline that the periodic system of terraces acts as a model structure for studying the one-
dimensional and two-dimensional confinement of electrons and crossover between these types of
electron capture and localization. As it turns out vicinal surfaces admit to be considered as ideal
templates for creating self-assembled nanoobjects, such as quantum nanowires or ordered
superstructures from quantum dots. Besided it once more importantn fact, that vicinal surfaces are
associated with well promissing improvements of catalytic processes technology, has to be
pointed out without of doubts.

As a rule, in theoretical studies of the electronic properties of periodic surface lattices, which
are vicinal surfaces, the approximation of free electrons is basic and allows to explain majority of
experimental results. . However, in some crystals, for example in transition metals, a considerable
contribution to the electron density is determined by strongly localized d lectrons, for which the
approximation of tight-binding electrons is more adequate. That is why the scattering of electrons
by vicinal surface, which here is described by the approximation of tight-binding electrons, is an
object of investigation in the terms of a simple model.

We consider a crystal with a simple cubic lattice with a perioda in the approximation of a
tight-binding electrons with the interaction between the nearest neighbors. Because of this feature
of interaction the vicinal surface consisted of periodic repetition of terraces and steps, can be
created by exclusions of interatomic bonds between atomic surfaces, which for the two-
dimensional case is schematically shown in Fig.2
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Fig.2 Two-dimensional illustration of the model of the vicinal surface
In Figure 2, the segments connecting the nearest atoms represent the chemical bonds described by
the overlap integrals. By removing these connections, two unconnected broken lines are obtained.
In the three-dimensional case they will correspond to a terrace-like surface lattice. The aim of the
study is to calculate and analyze the probability of quantum transitions due to scattering of
electrons by the vicinal surface with the width / = sa of the terrace and the height # = ya of the
step. It should be emphasized that the natural small parameter of the model is the angle of miscut,
which is determined by the ralation g, = y /s ... Taking into account that the periodic step-

like system in the approximation of the nearest neighbors is created by exlusion of chemical bonds
between the nearest atoms belonging to the vicinal surfaces (as shown in Fig.2 there are two
surfaces), for the secondary quantized perturbation operator determined in the node representation,
follows the expression:

pH(s+1)(r+1) i
H, =-W(a,)y |

T _
A arr(D) P air(ri-1 T Ap grr(y+1)-190 ,a+r(y+1)]
Lr n=p+rs+r+l1

—W(a,)X

lLr a=a+r(y+1)

T
+ al,p+r(s+1)+1,aal,p+r(s+l)+2,a}

a+(r+1)(y+1)
[al,p-kr(s-kl )+2,aal,p+r(s+l )+l,a



Here, the term in the first line is responsible for rupture of chemical bonds on the horizontal
surface of the terrace, and the term belonging to thesecond provides their rupture on the vertical

wall of terarace. In addition generally accepted notation of the operators of creation a;n . and

aniquilation a,, , of electrons in nodes with Cartesian coordinates (/,7,c)is applied.. The

transition from the operators of creation s a;n . and aniquilation @, , , at lattice nodes to the

operators of creation and aniquilatiion of electrons in a state with a certain value of the wave
vector is carried out according to the usual algorithm, namely:
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By substituting these decompositions over plane waves in the perturbation operator after

calculating the sums over nodes of crystal lattice, the perturbated part of Hamiltonian operator
H .(p,a)turns out modified to the following form
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It is well known that the scattering of carriers or other elementary excitations is crucial for
most of the effects that occur in condensed systems. The exchange of energy and momentum due
to the transition to equilibrium or steady state is carried out through the collision of carriers with
structural defects of various natures or elementary excitations, such as phonons, magnons, or other
carriers. As the size decreases, the scattering role at the sample boundaries increases. This
scattering mechanism becomes dominant for granular metals, metal clusters, semiconductor
quantum dots when the characteristic grain size, clusters , quantum dots or terrace geometric
parameters, as it takes place in this study ,become smaller than the average free path length due to
the above mentioned mechanisms, ie there is a transition from relaxation to diffusion mode. . The
scattering cross section is determined by the golden Fermi rule [3], which is based on the square of
the modulus of the quantum transitions amplitudes, for which in the case of here proposed model
of vicinal surface has been found the following final relationship:
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where the phase factor is determined by the expression® = Ak(s +1)+ AQ(y +1).

The above formula is our main result which determines the intensity of quantum transitions. It
is clearly visible that three terms can be distinguished in the final formula. They have the
following interpretation:

a) The first term describes the multi-wave interference of electron waves scattered by atoms
belonging to terraces.

b) Accordingly - the second term - determines the result of the interference of electron waves that
are scattered by the atoms that form the steps.

c) The most interesting and non-trivial is the last term. This term describes the effect of cross-
scattering on one step and has no analogues in scattering on an ideal atomic plane.

As far as the Kronecker factor 5Cos(D | » 1t takes into account the periodicity of the studied

structure and correspods to the Wolf-Bregg’s condition well known for crystal Physics.
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