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ABSTRACT. The possibility of variation of impulse scattering mechanisms depending on the heating field at
transverse runaway (TR) of hot electrons is considered in quasi-elastic scattering approximation. The corre-
spondent normalization factors that determine the TR threshold values are calculated. © 2008 Bull. Georg.
Natl. Acad. Sci.
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The transverse runaway of current carriers of semi-
conductors occurs at certain combination of energy and
momentum scattering mechanisms and at certain thresh-
old value of the applied electric field £, when drastic
increase of the internal total electric field takes place
due to growth of Hall field Ey [1].

In mutually perpendicular electric and magnetic
fields the symmetric part of the distribution function in
quasi-elastic scattering approximation has the follow-
ing form [3]:
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total electric field; €(x) — the so-called heating function

and it shows the degree of deviation of the system from
the equilibrium state:
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where nz(HiJ , H is the magnetic field,

exponents of the energy dependences of free path length
according to impulse and energy respectively. Their
values for each mechanism of scattering are known and
are given in table [2].
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In all earlier works (for instance [3-9]), the energy
dependence of free path length according to impulse
and energy was assumed to be determined by one scat-
tering mechanism. Sometimes this is not always true
and the number of cases of impulse scattering is due to
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respectively several synchronized mechanisms. In this
case, the energy dependences are expressed as follows:

F=Yhad =X, @)
i k

where /; and l~k are the free path lengths at i and &

mechanisms according to impulse and energy respec-
tively (i and k designate the types of defects).

Considering the complex form of function (1), it is
important to evaluate the limits of the applied fields
when one of the mechanisms dominates over others and
to define the critical value of the electric field when a
change of the scattering mechanism takes place.

Let us consider the combination when =1 and s=—1,
i.e. the impulse is scattered by dipoles and the energy on
deformative acoustic phonons. At scattering by diploes,
the impulse relaxation time is expressed as [10]:
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where N, isthe impurity concentration, R,— the aver-

age distance between the doped atoms, g — wave vector,
x — the environment dielectric permeability.
According to expressions (3) and (5), we can write:
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where pis the density of the material, £, =10e} — the

crystal constant [10].

Let us evaluate the electric fields at which dipole
scattering takes place. In this case, the field is limited
from above, since de Broglie wavelength A decreases at
increase of the electric field and when it becomes less
than dipole arm d, the dipole scattering mechanism =3
switches to the scattering by ions /=3, as the wave “pen-
etrates” into the dipole and takes it as separate ions.
Under these conditions the following condition is im-
posed on the electric field.
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which assumes quite complicated form when the aver-
age energy is calculated according to equation (1).

The critical value of the electric field E *, above
which the ionized pair of donors is taken for different
ions, can be expressed as:
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Further increase of the electric field above E, val-

ues leads to transition of donor scattering to the scatter-
ing on ions. At this, the type of energy scattering stays
the same and the energy still dissipates on deformative
acoustic phonons.

At impulse dissipation on ions, the relaxation time
is expressed as [11, 12]:

2 4 2
T; ;(x/m n

where z is the ionization degree. Correspondingly, for
normalization factors we have:
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Thus, the effect of TR as well as values of normal-
ization factors of electric and magnetic fields and con-
sequently the TR threshold value of the electric field
depend on the scattering mechanisms. Depending on
the heating field, variations of scattering mechanisms
may take place. Because of it, it is necessary to define,
which mechanism is dominant in the region of the fields
under consideration.
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