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ABSTRACT. In this paper the dependences are calculated between the relaxation period of electrons and
energy and between mobility and temperature in quasi-two-dimensional, non-degenerated semiconductor
nanostructures, using the common model of admixture center. It is shown that the relaxation period of electrons
and their mobility depends on the depth of nanostructure, and even greater on the radius of short-range
potential influence (first coordination sphere radius). It is shown also that the relaxation period of electrons is

( ) εετ ~  and mobility - μ (KT)~(KT). The thermal electromotive force for this system is calculated. © 2009 Bull.
Georg. Natl. Acad. Sci.
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The problem of dispersion of electrons on ionized
admixtures in semiconductor crystals in 3D system was
solved by Conwell-Weisskopf [1] and then by Brooks-
Herring [1]. They considered the potential of impurity
center using Coulomb approximation and they got the
same result for the dependence between electrons’ re-

laxation and energy: ( ) 2
3

~ εετ . It is the rule of “three

seconds”, where ( )ετ  is an electron’s relaxation period
and ε is an electron’s energy. It turns out that in the case
of comparatively high temperature and concentration,
when dispersion on ionized admixtures still dominates,
the results of their method are quite different (1-1.5
degrees) from experimental results [2, 3]. Besides, this
theory does not show the individuality of admixture,
though it is well-reflected in experiments [4].

A group of authors (A. Gerasimov, Z. Gogua, and
A. Tsertsvadze) offered a general model of impurity
center [5]. According to it, impurity center in the first
coordination sphere is considered to be a free atom in

vacuum, and outside of it to be usual, in continuum
approximation. According to this model the potential of
the impurity center will be:
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Here z* is impurity atom’s effective charge, z - impurity
atom’s charge in continuum approximation, r0 is radius
of the first coordination sphere, ε0 is the dielectric con-
stant, ( )xθ  is step function of Heavyside. The effective
charge of an impurity atom can be defined using Slater’s

free atom model [7]: 
HE
Inz ** = , where I is the first

ionization energy of impurity atom, HE  is the absolute
value of basic state energy of free hydrogen atom, n* is
the main quantum number, which is defined using
Slater’s rule [7]. z* shows us the individuality of atom.
Owing to this model, the problem of expressing deep
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and shallow impurity levels with one, common model is
solved [5]. The problem of emitting and non-emitting
dispersion of charge careers on impurity centers [8, 9]
and the problem of dispersion of electrons on impurity
centers for (1) potential, when z=1, can be worked out
by solving Poisson’s equation. So, we shall get the
shielded potential of impurity center [6]:
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where q is the inverted value of Debye’s radius. Using
this potential, in the case of non-degenerated electron
gas, it is possible to calculate the relaxation period and
mobility of an electron. When
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Here m* is the electron’s effective mass, and m is free
electron’s mass. In Borne approximation we shall get:
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where a0 is Bohr radius in hydrogen atom, ni is concen-
tration of ions in given material and k0 is Boltzman
constant. So, the rule of “three seconds” turns into the
rule of “one second“. As (4) and (5) formulas show,
realizing (3) condition, in calculation of relaxation pe-
riod and mobility of atom, the main role is played by the
potential of impurity center (1st part of (2) potential).
Physically, it means that (3) condition is realized in
high temperature range and if the concentration of ad-
mixture is rather high, then dispersion on ionized im-
purity will be more dominating than other mechanisms.
In these conditions de Broglie’s wave length of electron
decreases and part of the area, where the potential of

impurity center is defined ⎟
⎠

⎞
⎜
⎝

⎛
λ
0r , increases. So, this area

becomes more “sensitive”. The results of calculations
using (4) and (5) formulas are rather closer to experi-
mental data than Conwell-Weisskopf’s and Brooks-
Herring’s theories [6]. In nanostructures, (quasi-two-
dimensional semiconductor structures) it is logical to
operate using our model of impurity center than in 3D

systems, because in flat nanostructures there is a defi-
nite area which is consistent with the area where the
impurity potential is much greater than in continuum
approximation. In papers [10-12] is shown, that it is not
effective to use continuum approximation when we are
solving dispersion problems and authors consider the
potential of impurity center as short-range potential.

Besides, we must say modestly that the author of
paper [13] points to operate using this model in solving
the problem of ionization energy of donor impurity,
which is located in quantum wires.

If we have a quasi-two-dimensional system (flat
nanostructure) with W depth, then (2) potential in polar
coordinates will be:
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In the given quasi-two-dimensional system, Bloch’s
function of quasi-free electron looks like this [10, 12]:
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where S is area of structure, IIk
r

 is component of im-

pulse on Slater’s parallel plane and ( )zU
IIk ,ρ
r

r  is Bloch’ss

modulating factor. Our calculation of τ (ε) is based not
on the usual method, but on results in paper [10], where
it is said that if we consider the potential of impurity
center as short-range potential, then the correspondence
of relaxation periods in the case of 2D and 3D systems
does not depend on the type of potential. It equals:
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where k is the wave vector of electron in 3D systems:
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Based on this and the formula which we got earlier
for ( )ετ D3  (4), we shall get:
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So, electron’s relaxation period depends on W depth
of structure, also it depends on the radius of the area of
influence of inner potential (1st part of (2) potential).

In the case of quasi-two-dimensional systems, elec-
trons’ mobility with non-degenerated electron system,
based on [10] and [14] we can write:
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where k0  is Boltzman constant. If we add (9) formula to
this expression, we shall get:
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In [15] the mobility of 2D electron gas is calculated
during dispersion on correlated distributed admixtures.
According to these results, electrons’ mobility in quasi-
two-dimensional GaAs depends in direct proportion on
temperature.

And for quasi-two-dimensional systems thermal
electromotive force will be [11]:
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Ef is Fermi energy. So, based on (9) formula
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Our calculations’ main criteria are Heisenberg’s con-

dition of using kinetic equation ( )
ε

ετ h
>> . This condi-

tion, based on (9) formula, lays down this condition:
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For example, if we consider non-degenerated,
heavily doped with shallow impurities Ge and Si crys-
tal, when nI~3·1018cm-3, at room temperature there still
dominates dispersion on ionized admixtures [2]. This
means that w>>2÷3 nm.

The results obtained in this paper, ( ) εετ ~  and

 ( ) ( )0 0~k T k Tμ  are different from those obtained in
other papers [10, 11], the individuality of impurity is
also defined with the effective main quantum number
n* and with ionization energy of electron (first ioniza-
tion energy).

fizika

eleqtronebis gabneva ionizirebul minarevebze
kvaziorganzomilebian naxevargamtarul sistemebSi

z. gogua*, a. gigineiSvili*, g. iluriZe*, g. rTveliaSvili*,
g. kantiZe*

* saqarTvelos teqnikuri universiteti, Tbilisi

(warmodgenilia akademiis wevris g. CageliSvilis mier)

mocemul naSromSi erTiani minarevuli centris modelis gamoyenebiT gaTvlilia eleqtronebis
relaqsaciis drois energiaze, eleqtronebis da Zvradobis temperaturaze damokidebulebebi
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kvaziorganzomilebian, gadaugvarebel nanostruqturebSi. naCvenebia, rom eleqtronis relaqsaciis
dro da Zvradoba damokidebulia nanostruqturis sisqeze da aseve damokidebulia pirveli
koordinaciuli sferos radiusze. dadginda, rom eleqtronebis relaqsaciis droa ( ) εετ ~ ,

Zvradoba ki ( ) ( )KT~KTμ , agreTve gamoTvlilia TermoeleqtromamoZravebeli Zalac.
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