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Abstract: In the presence of a temperature gradient V, T = const, an external electric constant field E,, an

external magnetic constant field H ;, an increasing wave is excited in semiconductors with two types of charge
carriers and certain deep traps. The frequency values and the increment of the rising wave are determined. It is
proved that this unstable wave is excited at a classically strong (,ui H, > C) magnetic field. The electric field

with increasing wave has a certain value. Analytical formulas are obtained for the oscillation frequency and for
the growth increment of the excited wave.
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I. Introduction
In [1], it was shown that hydrodynamic motions in a nonequilibrium plasma in which the temperature

gradient is VT = const leads to the appearance of magnetic fields. In the same work, it was found that plasma
with a temperature gradient has vibrational properties that are noticeably different from the properties of
ordinary plasmas. In the absence of an external field and hydrodynamic motions, “Thermomagnetic” waves are
excited in the plasma, in which only the magnetic field oscillates. In the presence of an external permanent
magnetic field, the wave vector of thermomagnetic waves should be perpendicular to it and lie in the plane

(A, 97).
In the presence of an external electric field, a temperature gradient VT =const, and hydrodynamic motions

\7(F,t), the electric current density has the form
j=6§+0'[§|:|]—av_'l:—a’[v—fﬁ] (1)

The electric field E* consists of three parts [1]
/H| TA
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In a solid-state plasma, the conditions for the appearance of thermomagnetic waves were obtained in
[2-3]. In impurity semiconductors in the presence of an external constant electric and magnetic field, the
conditions for the appearance of unstably recombination waves were studied in detail in [4-6].
In [7], the conditions of internal and external instability in impurity semiconductors were studied
theoretically when the ratios of the concentrations of charge carriers are determined as follows
n_ V_
=== ®)
n Vv

+ +

E'=E+

N, is the consensus of electron and hole carriers, V_is the electron capture frequency and V, is the hole
capture frequency.
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In this theoretical work, we will study the conditions for the appearance of unstable waves inside a
semiconductor in the presence of an external electric field, a temperature gradient, an external magnetic field,
taking into account hydrodynamic movements, when condition (3) is satisfied.

1. Basic equations of the problem
Let us consider a semiconductor with two types of charge carriers with singly charged impurity centers

with a concentration of N and two multiply negatively charged impurity centers N _
N, =N + N_=const (4)

The continuity equation for electrons and holes in this semiconductor has the form [8]:

on .. on
—+divi =7 0On, N —y (E)n.N =| — 5
M divi =7 O N -7 (E)N. (at] ®
on
= }/+(E)nl+N _7+(O)n+N— =( +j (6)
at rek
= 7
( j (atj "
=e (8)
n’ n°N°
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The sign (0) shows the equilibrium value of the corresponding physical quantities. The electric field (2)
in the aforementioned semiconductor has the form

E_E. Nﬁ]+I(Vn_ Vn+]

- ©)
c e(n n
(T-temperature in ergs).
Current densities are of the form:
3. = B+ [EA ]+ o, [VTH] (10)

J =—pun B+ [EH]-avT - [VTH] @)

1. Theory
To obtain the dispersion equation for the current oscillations inside the crystal, it is necessary to solve
equations (5,6,7,8) together with (9,10,11). First, we determine the electric field from (8). Substituting
- C -
I = —rotH into (8) we obtain
4

4irouq — (o +o, JEA|+(a +a VT +(a +a VTA] @2
T

The definition of E from (12) is reduced to solving the vector equation
X =a-+|bx) (13)
lb%|=ba (14)
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Substitute instead of l)?BJthe right side of his expression a + lB)?Jthen
X = a-+|pa)+b|px|=a+ |pa|+ blba)-bx
a+|bal+ (ab
1+b?
Substituting @ and 6 from (12) in (13), we obtain the electric field of the expression:

X =

(15)

E:‘—H]—i'[ﬁTH]+—C rotH — Caz[rOtH,H]ﬂ“I vr;+—vr;‘ +AVT  (16)
c Ao 4o el n} n°
HereU=G++O'7,/1=a++a_,l':ao___zao_;
o o

a'=a +a ;0 =0, +0,_ .

The system of equations (5,6,7,8), taking into account (16), determines the dispersion equation for
determining the frequency of current oscillations inside the sample. The total current does not depend on the
coordinates, but depends on the times 3 = J(t), and with internal instability, the current does not oscillate in
the circuit. We will investigate the one-dimensional problem, i.e 3 = J' (t) # 0.

3 =3 =0,
Considering all physical variables in the form of monochromatic waves

E=E,+E;n =n’+n,, (E N )~ E<«<E  n <<n’.

+

(k is the wave vector, o is the oscillation frequency). Determining the current components from (8) after
not complicated calculations, we obtain:

. n/ nr E’* E’*'
3 =0, + Ey + |aO|<X|_XEl(—0 ——;j 0] — 270V, Hy, + oV, T~ 0)
o c (39
o~ ' O kxc ' GV X E X ' ' ' 2GlOVO ' O, V z '
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Here:
_ = - . d 12
oy=0} +0), , Ey=iE, , Hy=hH,, 0 =—r
dE,,

LX islength of the sample H;, , H; are the components of the variable magnetic field which are
determined from the Maxwell equation

—

!

oH_ —C rotE’
ot

Defining (I1), (111) E| and E; we put in (1), we easily obtain:

Vo, LV B
J = OUE, +ev+|1+-2 2% p Fu iikax n VI(ay —ay) o+
¢ ¢ By Eo . (N g1, +1pt)
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V V _
+ev— l—ﬂ.pzﬂ&iikaX_F VT( a7 05_7_)}]:
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Here:
o-+ o, eVXT ay. +ay.
U= 1+ 0y ﬂ1+ Y- ﬂl ( )
Oy Eox0o
d In g,
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din(g, ?)

V
When obtaining (17) from (I1),(111) we took into account that %HOZ << By, m By << Ey,

oy
VOy << CT
We write (17) in the following form

3 ed ed
E)’( — X _ +¢+ n:— _ —¢— ni
ou oyu o,u

In [7], it was proved that in the presence of relation (3), equations (5,6,7) have the following form:

!

v. N

VI,

on’ ,
—+divj), =—v.n" (18)

ot
v is the electron capture frequency, V. is the hole capture frequency. Having determined from (10-11) j; and

substitutingin into (18), then we will obtain the following system of equations for determining the oscillation
frequency inside the sample.

V,
i(k %A — o) + (A+ —iA, +2ﬂ“l—kaxJkX9n' =0 ()*
7
ik $A —w)n =0 (I1)y*
_ 20'1+V0y . 9, ’
ouc  o,uL,
Here,
20,V
_oVoy O (19)
ouc  oyul,
¢ ay-V.[T
‘911 ::uliElﬂli yu= Zﬂ + A
ool o,k

If the scattering of charge carriers comes from one factor (i.e., scattering only from the optical phonon,
etc.) then B, =, =/[. From (I-1l) we obtain the following dispersion equations for detect current
fluctuations inside the sample

W — kXQ(A + 2 A+ja) AIIAA —(k9 -2 [A+

p — T 1—iA+J=0 (20)
— 0

X O
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]
Denoting —— = Z from solution (20) we easily obtain

xY -

Z,= i {u ﬂ—izﬂ} 21)

0
o,Lu n- M

1
2 2 2 2
ﬁ—iﬂ:xly:i 1+4L+2+1 +1 1+4L;—1 :A
\o  u J2 7 n

From (21) it can be seen that a wave with a frequency

9 ]
Z = — |
. Lu(+x+|y)

O-O X

9 i
L, =—+ (1_ X—= 'y)
o,L.u
is growing, and the wave

2
xVo

w, = , and the growth increment
o,L,u
o = 3k, S’ 23)
2\/500LXU ,
V 9
oy o (24)
c o,—L
@,
From (22-23)—> > 1.
0y
When obtaining (22-23) from (20), it was taken into account that
H Lo
/u+ 0z _ —x~1- >>1 (25)
c uE
27T
E, =—
eL,
(T is the temperature in ergs).
E
L, >> L, =& (26)
o
From (24-26) we obtain
2
H E
Ao | =L (27)
c eL,

IV. Discussion
Thus, in semiconductors with two types of charge carriers, once negatively charged by deep traps and
two times negatively charged by deep traps, a wave is excited, which leads to a current oscillation inside the
sample. This growing wave is excited when the values of the external magnetic field satisfy condition (27). The
electric field in the presence of growing waves, with n_-frequency (22) and increments (23) are determined by
expression (24), i.e.
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2V, L

E, = —2 e 4-Ho
c c
a

A

In a crystal of length L, ~lem, Ej~10%wm

—_—

The frequency is @, ~3-10%(cex)™, the increment is @, ~3/2+/2 -10%cex)’. The estimated value of the

oscillation frequency inside the crystal is high. When you go outside (that is, the current oscillates in the circuit),
you can receive energy radiation from the specified semiconductor. To study the radiation of energy from the
above semiconductor, you need to calculate the impedance of the sample.
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