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Abstract: A theory of current oscillations in impurity semiconductors with two types of charge carriers is
constructed, when the equilibrium ratios of the concentrations of electrons and holes are determined by the
ratio of the characteristic frequencies of electrons and holes. Analytical formulas for the external electric field
and for the frequency arising inside the impurity semiconductor are obtained. The growth increment of arising
waves has been determined. When a current oscillates in a circuit, a semiconductor impedance is calculated. It
is indicated that when a capacitive character appears in a circuit, the value of which is equal to the ohmic
resistance in the circuit, the frequency of current oscillation mainly depends on the frequency of electron
capture. The electric field during the radiation of a sample mainly depends on the frequency of the capture of
electrons by impurity centers.
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I.  Introduction

The impurity centers in semiconductors, which are able to be in several charged states in the presence
of an external field, excite the growing recombination waves. For example, gold atoms in germanium can,
besides the neutral state, be once, twice and three times negatively charged centers. These impurity centers
create several energy levels in the forbidden band. Free charge carriers can capture (or emit) these levels. As a
result of recombination and generation of free charge carriers e, the concentration of electrons in the conduction
band is the concentration of holes in the valence band and the electrical conductivity of the semiconductor varies
greatly. Under various experimental conditions, these impurity centers are more or less active; therefore,
recombination and generation mainly occurs with a certain number of impurity centers. For example, in the
experiment [1] (the results of which will be used by us later), the active centers were once and twice negatively
charged center of gold in germanium. When gold is in the presence of an electric field, free carriers receive the
electric field energy order, eEgyl (e is the elementary charge, Eq is the intensity, | is the mean free path of charge
carriers). Therefore, electrons can overcome the Coulomb barrier of a single negatively charged center and
become trapped. As a result of thermal transfer, electrons can be generated from impurity centers to conduction
bands. The number of holes increases due to the capture of electrons by impurity centers from the valence band
and decreases due to the capture of electrons from impurity centers by holes. Such different probabilities of
generation and recombination of charge carriers leads to a change in the conductivity of the semiconductor.

In [2-7], the equations of the kinetics of electrons and holes in these impurity semiconductors are
described in detail and the theory of internal (ie, the excited wave propagates only inside the sample and current
oscillations in the external circuit J'= 0) and external (i.e . J'# 0) instabilitics. In these studies, current
oscillations were investigated in several situations (i.e., when the semiconductor contacts are ohmic, or charge
carriers are injected through the semiconductor contacts).

In this theoretical work, we will prove that when the concentrations of electrons and holes have certain
values, internal and external oscillations are excited in a semiconductor with a singly and twice negatively
impurity centers for a certain value of the external electric field and determine the corresponding frequencies of
these oscillations.

1. Basic equations of the problem
The kinetics equations of electrons and holes in the above semiconductors are described in detail in [2—
7] and therefore we do not write them out.
The continuity equations of electrons and holes have the form [2-7]:
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1. Theory
From (1-2) it is easy to prove that with
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Substituting (6) into (4), we can easily obtain the following dispersion equation for determining the frequency of

oscillation inside the sample
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In obtaining (11) and (12), we assumed that E'E, = E'E,, that is, oscillations occur in the longitudinal direction.

If E'E, = 0 m. oscillations occur in the transverse direction then all obtained formulas remain valid only at g*
0 y +

From (11) and (12) it can be seen that the oscillation frequency w, is larger than the oscillation increment
wo>wq.. However, a wave with a frequent w, and an increment of w,cannot grow without stopping. To
determine the wave growth time, it is necessary to find the oscillation amplitudes as a function of time, i.e.
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To determine E'(t)and n4(t), we need to construct a nonlinear theory. In one experimental case, a nonlinear
theory was constructed by us in [8].

IV.  External instability

With internal instability, the frequency of oscillation and the wave vector were determined as follows

. 2m
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(L-size of the crystal). When current oscillations occur the circuit i.e7" # 0 the oscillation frequency and the
free vector are defined as follows
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To determine the frequency of current oscillation w, with external instability, it is necessary to calculate the

crystal impedance
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We first define the wave vector from the dispersion equation (7).
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When external instability (i.e. 7° # 0)
ReZO d 2 can have any character. From (24) and (25) we obtain the following equations for the

determlnatlon of the electric field.

Re—+— 0 mZi=%-9 .
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R-ohmic resistance in the circuit, and Rl, depending on the sign ImZ resistance of inductive or capacitive

Then fromsm -2+ cos i— = 1 we will get
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Thus, in impurity semiconductors, when n,v, = n_v_, internal and external instability occurs and the specified

semiconductor, in the presence of external instability, becomes a source of energy radiation, the field value is
determined by the formula

Eo = E1 2% Ry > 0.
0
The frequency of current oscillations is determined by the formula

V. Discussion

Thus, in the above impurity semiconductors, under the influence of an external electric field,
oscillations occur inside the crystal. The wave growth conditions are determined by specific analytical
expressions. These waves propagate through the electric field. The frequency and wave increment are expressed
in terms of the electron capture frequency. When the current begins to oscillate in the circuit (that is, the
radiation of the sample begins) of the electric field, the frequency of the oscillation changes significantly. The
analytical formulas found for the frequency of oscillation and the external electric field are quite feasible
experimentally.
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