IOPScience

Home

Search Collections Journals About Contactus My IOPscience

Influence of nonparabolicity on hot electrons in n-type gallium arsenide

This content has been downloaded from IOPscience. Please scroll down to see the full text.

1992 Semicond. Sci. Technol. 7 B367
(http://iopscience.iop.org/0268-1242/7/3B/095)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

IP Address: 140.113.38.11
This content was downloaded on 28/04/2014 at 18:57

Please note that terms and conditions apply.

iopscience.iop.org


iopscience.iop.org/page/terms
http://iopscience.iop.org/0268-1242/7/3B
http://iopscience.iop.org/0268-1242
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

Semicond. Sci. Technol. 7 (1992) B367-B368. Printed in the UK

gallium arsenide

Influence of non-parabolicity
on hot electrons in n-type
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Abstract. Hot-electron transport in n-type GaAs has been investigated in the
crossed applied DC electric field and pDC magnetic field. The energy band structure
of conduction electrons is taken to be a non-parabolic band and the dominant
interaction between hot electrons and lattices is assumed to be the deformation-
potential coupling. Results show that the dissipative current density increases
nonlinearly with the applied electric field owing to the non-parabolic band
structure of electrons in semiconductors. In the lower electric field region, the
dependence of the current density on temperature does not appear to follow a
regular trend. It is also shown that the current density depends strongly on the

magnetic field.

1. Introduction

When clectron transport is caused by an electric field,
electrons are continuously supplied with energy from the
source of the electric field at a rate J- E, where J is the
current density and E is the applied electric field. It would
appear that the total energy of the system should go on
increasing indefinitely. This, however, does not happen as
the gain of energy is balanced by the transfer of energy to
lattice atoms through the process of collisions. As the
electric field increases, the difference between the electron
temperature and the {attice temperature becomes signifi-
cant. In very high electric fields, the electron temperature
may become an order higher than the lattice temper-
ature. A factor which influences the nature of the current

- flow and the properties of diode structures could be

the non-parabolicity of carriers in semiconductors
[1-3]. In our present work, we shall study the quantum
nonlinear effect of hot electrons in the crossed static

" ¢lectric and magnetic ficlds due to the non-parabolicity

of electrons in non-degenerate semiconductors. The
dominant interaction between hot electrons and the
[attice is assumed to be the deformation-potential coup-
ling. Some numerical results for n-type GaAs are presen-
ted and a brief discussion about our numericat analysis is
given.

2. Theory of hot electrons in non-degenerate
semiconductors

For the non-parabolic model, the eigenfunctions and
eigenvalues for electrons in the applied electric field E
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directed along the x-axis and the magnetlc field B
directed along the z-axis are given by
ek
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respectively, where m* is the effective mass of electrons,
E, is the energy gap between the conduction and valence
bands, w, = |¢|B/m*c is the cyclotron frequency of the
electrons, @, is the harmonic-oscillator wavefunction,
and k, and k, are the components of the electron wave
vector in the y and z directions respectively.
From Liouville’s theorem,

d _ i
e ot
with p =p, + p, and H = H, + V(¢); it can be shown

that the transition probability due to the effect of colli-
sions in a high Dc electric field is given by
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where pg is the unperturbed density operator, p, is the
perturbation operator due to the scattering potential F(r)
between electrons and lattices in semiconductors, and H,,
is the unperturbed Hamiltonian. The current density can
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Figure 1. Current density in n-type GaAs as a function of
the electric field at B = 1.5kG.
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Figure 2. Current density in n-type GaAs as a function of
the magnetic field at £ =900Vem™".

be obtained from
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where the current-density operator is given by
le| | dr
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where [,], denotes the anticommutator.

From equations (4)~(6), one may obtain the current
density as [4,5]
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where fi, = {knlpy|kn) is the Maxwell-Boltzmann dis-
tribution, since we have assumed a non-degenerate semi-
conductor. In high electric fields, it is assumed that V(r) is
slowly varying compared with the lattice positions such
that

Vir) = CZ_ olr — R)) (8)

where R, is the position vector of lattice atoms and C is
the deformation potential.

3. Numerical analysis and discussion

As a numerical example, we shall consider the cur-
rent density due to the nonlinear effect of hot electrons
in the high magnetic field region for the non-parabotic
energy band in n-type (GaAs. The relevant values of
physical parameters for n-type GaAs are taken to
be [6]: m* =0.07m,(m; is the mass of a free elec-
tron), ny (electron concentration) = 1.73 x 105 cm ™3,
E,=151eV, and C=7eV. In figurc 1 we piot the
current density as a function of the applied electric field
in n-type GaAs at B = 1.5kG. It can be scen that the
current density increases nonlinearly with the electric
field due to the non-parabolic band structure of electrons
in semiconductors. It is also shown that, in the lower
electric-field region, the dependence of the current dens-
ity on temperature does not appear in a regular trend.
However, in high electric fields the current density
increases with increasing iemperature. in figure 2 it can
be seen that the current density in n-type GaAs at
E =900Vcm™! decreases monotonically with increas-
ing magnetic field at 7' = 4.2 K. When the temperature
increases, a minimum point can be observed. The mini-
mum point will be shifted to lower magnetic field with
increasing temperature. From our numerical results, it
can be seen that the non-parabolicity of energy bands in
semiconductors will increase the effect of hot electrons
due to the nonlinear property of energy bands in the
crossed electric and magnetic fields. Moreover, the non-
linear effect of energy bands in semiconductors will
become much more significant as the magnetic field
reaches a high field region [6].
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