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Abstract

We have investigated the energy states of a one-dimensional electron gas and analyzed the
temperature dependence of the density of states. It is shown that with increasing temperature due
to thermal broadening of quantum, levels are blurred.
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1. Introduction

The current stage of development of solid state physics is characterized by the fact that the main object of study
is increasingly not becoming massive semiconductor crystals and thin films, multi-layer thin-film structures,
conductive yarns and crystallites. The small size of these structures, in which a direction is comparable to the de
Broglie wave, according to the laws of quantum mechanics leads to a change in the energy spectrum of charge
carriers [1]. The spectrum becomes discrete for movement along a movement axis koto—roy limited.

The main dimensional quantum structures are structures with two-dimensional electron gas-epitaxial film
MIS structure, heterostructure, etc.; dimensional structure with gas-kvanto—vye yarn or wire; structure with ze-
ro-dimensional gas-quantum dots, boxes, crystallites.

Structures in which the movement of charge carriers is free only along one axis, and along the other two li-
mited two-dimensional quantum well, are known as quantum wires or wires. The energy spectrum associated
with the movement of charge carriers across the quantum wire is discrete due to the size quantization; and asso-
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ciated with the movement along the filament is continuous. The charge carriers are in such a one-dimensional
electron gas [1].

Quantum yarn is one-dimensional electronic system where the electron motion is severely restricted in both
directions of the three axes and along the thread remains free [1] [2]. All the basic properties of quantum elec-
tronic yarn defined dispersion and the dependence of energy on momentum. The range of knowledge allows us
to calculate all the equilibrium properties of the system. The most important characteristic of the electronic sys-
tem is the density of states. We consider the expression density of states of a quantum wire in view of its tem-
perature dependence. The temperature dependence of the density of surface states at the interface between the
semiconductor and dielectric is considered in [3]. It has been shown that due to the thermal broadening of the
discrete, spectrum is converted into a continuous spectrum of surface states. The effect of temperature on the
thermodynamic density of states of a quantum wire has not been studied.

The aim of this work is to study the effect of temperature on the thermodynamic density of states of a quan-
tum wire.

2. Energy Spectrum and Density of States

This work is devoted to studying the effect of temperature on the density of states of the one-dimensional elec-
tron gas (OEG). Thermal broadening of the levels described using statistics Shockley-Read-Hall [3]. It is shown
that with increasing temperature due to thermal broadening of the discrete levels of density of states become
smooth.

The range of media in a one-dimensional pit is [1] [2]
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Here, m— is the effective mass of the carrier at the bottom of the zone; L,,L, — is pit width. To find the den-
sity of states, we use the equation of the total number of particles. After summation over the back it has the form
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Here, L —:Sample dimensions along the axes x, ®(E -E,, ) —: Heaviside unit function
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Hence, we obtain expressions for the 1D density of states [4]
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Here,
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Plot the functions N,,(E) atL;=10°mand L,=1.5x10"m.

3. Temperature Dependence of the Density of States

Let us now consider how we can describe the effect of heat on the broadening of the thermodynamic density of
states. Its accounting functions via GN (i.e. the derivative of the probability by thermal energy generation energy
states E) is given in [3]. It was shown that the temperature dependence of the density of states can be described
by the decomposition of the density of states in a series of GN-functions
Im
N(E,T)=) N(E,,0)GN(E,,E ,T)AE 5)

i=1

Here, N (Ei , O) : the density of states at zero temperature (4), and GN-function has the form

1 E-F E -F
GN(Ei,E,T):Eexp{ lk —exp( [kT ﬂ (6)

The considered energy interval E E__  divided into equal small pieces value energy

min > max

AE =(E,, —E,, )/, then E,=iAE. Function (6) with 7 —0 converted into the Dirac delta function
5(E,—E).Inthe limit, AE — 0 sum (5) can be replaced by an integral. Then
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Supplying (4) to (7), we obtain
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Plot the temperature dependence of the density of states by Formula (8) at different temperatures believing.

The density of states of the two-dimensional electron gas, quantum wire is similar to the density of states of a
three-dimensional electron gas in a quantizing magnetic field. The difference between the density of states of
these systems due to the fact that the distance between the discrete states in a bulk semiconductor is determined
by the magnitude of the magnetic field, and in the quantum filament transverse dimensions of two-dimensional
quantum well. Due to the interaction of the electrons with the lattice vibrations peak heights density of states
decreases and the width increases.

Figure 2 shows plots of the density of states of one-dimensional electron gas. We analyze the results of nu-
merical calculations. The figure shows with solid lines the density of states graphics calculated at T = 10 K. This
schedule is almost the same as in Figure 1, which does not take into account the temperature dependence of the
density of states. However, the temperature difference between the zero lead to the fact that the height of the
peaks in Figure 2 are reduced about 1.5 times. An increase in temperature greatly reduces the height of the
peaks, the discrete quantization levels cross a two-dimensional quantum well. A further increase in temperature
to T = 90 K, more blurs the peaks turning them into low humps of the density of states. At a temperature T =
300 K, the density of states in one-dimensional gas becomes a monotonically increasing function of energy
where the discrete levels are almost invisible.

Figure 3 shows the dependence of the density on the temperature in the three-dimensional image. From Figure
3 clearly shows that the temperature strongly affects the thermodynamic density of states. At low temperatures,
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Figure 1. Dependence of density of states of 1D electron gas of energy L; = 10 ® and L, = 1.5 x 105,
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Figure 2. Dependence of density of states of 1D electron gas on the energy for different
temperatures: L; = 108mand L, =1.5-10 % m.
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Figure 3. Dependence of density of states of 1D electron gas on the energy and temperature in three-
dimensional space: L; = 10 mand L, =1.5-10° m.
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the density of states of the one-dimensional electron gas is strongly oscillating electron energy functions. With
increasing temperature, the density oscillations subside, and at high temperatures turn into monotonically in-
creasing function of energy

4. Conclusion

On the basis of this work, we can conclude that the temperature dependence of the density of the Kantian
threads due to thermal broadening of discrete energy states. Thermal broadening of states can be described by
the temperature dependence of the probability of filling the energy levels. At temperatures where the thermal kT
energy of the electrons is much smaller than the distance between adjacent discrete levels AE,;, thermal broa-
dening is not significantly altered the density of states and the peaks in the density of states plots will stand out
sharply. The increase in temperature due to the thermal broadening of the peaks of the density gradually eroded
discrete levels. At temperatures of the order of kT distances between leveled kT < AE,;, density thermodynamic
states are smoothed. Thus, the thermodynamic state density of electrons in the quantum wire is temperatures low
power oscillating function at high temperatures, and it is converted into a monotonically increasing function of
energy.
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