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Abstract- In semiconductors to happen to particular deep
traps and both signs of charge carrier’s energy radiations.
Perhaps at different values of frequency of radiation of
energy. For an electric field at a magnetic field is
u.H >>C . The sign a constant of scattering of charge

carriers is defined. For parameters of a recombination and
generation of charge carriers /37 analytical expressions

are found. The theory of fluctuation of current is
constructed in the linear approximation. Frequency

estimates (wl,wz,ws) and an electric field. The

(E..E,.E;) will quitely be coordinated with the existing

experimental data. From above the specified
semiconductors it is possible to use at preparation of
superhigh-frequency generators and amplifiers.

Keywords:  Semiconductor,  Impedance, = Ohmic

Resistance, Frequencies, Coulomb Barrier.

1. INTRODUCTION

In impurity semiconductors, the theory of current
oscillations in external electric and weak magnetic fields
has been constructed in many works [1-5]. In these
works, the theory of internal and external instability was
constructed in various ratios of the concentrations of
charge carriers (electrons and holes). The obtained
analytical expressions for the critical electric field and for
the oscillation frequency in specific impurity
semiconductors are consistent with existing experiments.
In this theoretical work, we prove that, in the presence of
a constant temperature gradient in the semiconductors
indicated below, the critical values of the electric field
and the frequency of the current oscillation (the critical
value corresponds to the occurrence of current oscillation
in the semiconductors) with a weak external magnetic

field (. Hy<<cC, where g, is mobility of charge
carriers, ¢ is speed of light, Hy is magnetic field

strength) depend on the linear size of the semiconductor
and the radiation of energy from the semiconductor

amplifies with a decrease in the linear size of the
semiconductor.

In this theoretical work, we consider the case when
the semiconductor contacts are injecting and the carrier
concentration ratios are determined as follows

v.n’ =y n? (€
where, v, is hole capture frequency, v_ is electron

frequency, n’ s
9 is equilibrium hole

capture equilibrium  electron

concentration  values, n

concentration values.

In [6], it was proved that in the presence of a
temperature  gradient in a solid-state  plasma,
hydrodynamic motions of charge carriers arise, and this
process substantially changes the values of the electric
field inside the medium. In the presence of hydrodynamic
movements and a temperature gradient, the values of the
electric field with two types of charge carriers have the
form:

E*=E+[\7I:|]+I(Vn__Vn+J )

c e(n® n

where, V is speed of hydrodynamic movements, e is
positive elementary charge, T is temperature (in Ergs) of
the medium.

2. NONLINEAR MOTOR DYNAMICS
In [1-5], we considered semiconductors with a
concentration of doubly negatively charged centers and
with concentrations of singly negatively charged centers
Ng =N, N_ ®)
Under conditions (3), the Kkinetics equations of
electrons and holes have the form:

on L on

—+divi_=»_(0)n_N_—-»_(E)n_N :(—‘j 4)
ot ot rek

6n+ . an+

?+dIVj+=7+(0)n1+N—)/+(0)n+N_= F (5)

rek
The justifications of Equations (4-5) are described in
detail in [1-5].
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In the presence of an electric field (2) and a
temperature gradient in the electric and magnetic fields,
the current flux densities are as follows:

J=-nuE —ng [EH]-aVT-a [VTH] (6)
I, =0, E +n 1, [EH]+a, VT +a! [VTH] 7)
528(];—];) (8)

Substituting (6-7) into (8) we obtain the following

equations for determining E” the electric field
E*:i——[E H]- —VT+ 1[VTH] (9)
O o
where, c=0,+0_, a=a,+a_, g =a, +a’ .
The definition E~ from (9) reduces to solving the
vector equation

E -+t [HE] (10)

We denote and with multiplying (10) scalar on b we
get (bE") = (ba) , then we get easily
E” = a-+[ba]+[b[bE"T] (11)
From (11) at ,u+H0 <<c, we get

g--HI A[VTH]+ LI
c
(12)
+AVT +I vn _vn,
el n® n
where, A:Z, A’:w, A" is  Nerst-
o O

Ettinghausen coefficient, and A is differential thermo
electromotive force.

3. THEORY

Oscillations of current J’'=0 current occurs at the
beginning of the emission of energy from the medium.
The quasineutrality equation divJ’=0 means that the
total current does not depend on coordinates, but depends
on time. At the beginning of radiation, the impedance of
the sample decreases, i.e. becomes negative. To calculate
the frequency of the current oscillation and the critical
value of the electric field, gently calculate the impedance
of the sample, i.e.

i
Z== [ Ejx (13)

J 0
Assuming E=E,+E’, n,=n?+n;,

(E'<<Ey, n, <<n?), we find E, from (12). At
vy = Hi E, (14) from (12) we get easily
0

J; Lo
E' = IkL - 14
X 200g0 2¢p (no HEJ o
_ T AVTy
where, L, is sample length, E; oL, 4 2E,0,

y=2dInA/dIn(EZ); E =Ey, =iE,.

The contacts of the sample are injecting and,
therefore, n, must be located from the boundary

conditions, i.e.
=96,J (15)

where, N} in (15) can be represented as follows
n, =c'e" +cye™, n’ =cre +cyele (16)

We write (16) at x=0 and x =L,
¢ +c5 =6%7,

S a7
C +C, =0-J,
ofe'1x 1 cfeltels = 5LJ; a8)
e +cyeet = 5tJ)
From (17-18), we get easily
o e _ s-— 5%
X eio:2 _eioz1 ! 2 eloz2 _eioz1
Ol _ J , 59 IU!Z 61_ _ J' é‘L 5Eela1
plv _ gl ! 2 el _ gl (19)
0 loz2 L 0 Ioz1
01—3’5’ _5,, J,é, ~ e
iz _ gl iz _ gl

o =kl a =KL,

For a specific calculation ¢ and ¢, we must find
the wave vectors k; and k, which are calculated from
(4) and (5) taking into account (6) and (7) and (12). In

[7], we have proved that under condition (1), equations
(4) and (5) have the following form:

’ ’

an— Y ’
—+divj. =—v_n’,
ot

i =-v.n; (20)

Substituting divj; from (6)-(7), taking into account
(12) into (20), we easily obtain the following dispersion
equations for determining the wave vectors k; and k, .

s 1, . .
X" — X —iL,[$ (v_ —iw)—
BB T
. 1
-3 (v, —iW)]—————=x~- (21)
C O e Efa?
(v —iw)(v, —iw) _o
oo Efa’®
where, ﬂ,:”—THO, ﬂ+:”+TH°, 9 = uE,,

H
8, = u.Ey, =20 4y x =kL, .
cEy

The equation is simplified when
0

vo_4a_ (22)
ve M Ny
x* —ux? + fx =&, +i5 =0 (23)
2 L
where, &, = (VV—ZW) and 6, = "Z—WVZ‘
/u—/u+E o ﬁ ﬂ+ H_H, El a ﬂ—ﬂ+
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To find the wave vectors K; and K, we consider the

following two cases: 1) x<<1; 2) x>>1 (it is clear that the
case x=1 has no physical meaning).
1) x<<1:

From (23) we get easily:

1 1
X, :i(é)z, X, :(é)z 2-i)

L Wy
ﬁ:_x - -
atmmﬁﬂ&}

Values of X; and X, are obtained in an electric field

(24)

E, = AVT7 (25)
20,
1
ox _ Eoc[ w Jz (26)
¢ 2Hf\2uv,

Substituting X; and X, in (19) and after integration

(13), we obtain the following expressions for the sample
impedance.

zZ _ Lo oty _Lyico_ o
Z—O——{1+0-0E1{E(5+ —5+)—E(5,—5,) 27)

It is seen from (27) that the impedance is purely real,
i.e. ImZ =0. This means that, as the resistance of the
sample changes, the injection of minority carriers is the
main one for the occurrence of current oscillations.

It can be seen from (27) that for identical injections at
the contacts, i.e. 59 =6° =5~ =5~ and Z=-Z, the
equation R=2Z, determines the radiation conditions. So,

the sample’s size has

L, =Roy =eR(n9y_+ng,u+) (28)
0 0 5L 5L
Itis seen from (27) that with —->—~ and —->—-

n n, n

- n, N N
radiation, the energy from the sample is amplified. This

reinforcement continues if inequality persists.

5560 > 6152 (29)
Radiation continues if
S >8, o <80 (30)

Under the opposite inequality, i.e. 5+LX <6? and
55 > 60 radiation will cease, if Eops- >1 this also

requires a very large value of injection coefficients &, .

2) x>>1:
From (23) we get easily:
1 1
1( 1 )2 1( 1 )2
S s Xy = —— 31
& a(ﬂﬂ;j & a{ﬂﬁj ey

Substituting (31) in (19) and after integration (13) we
obtain:

0 oL, oL, <0 2
5:[—“0051[5—“& —i—ﬁﬂ, 0y=0, [V—j (32)
VA n’ v

0 n, - + +

It can be seen from (32) that ImZ=0 and
5% =5% =55 =55 at radiation also occurs in a sample
with a linear size (27).
It is easily seen from (32) that at&° > 5™ and & > 50

and if e4,6° <1the radiation continues.
Radiation is amplified if 5 >&° and 6% > 55, The
radiation ceases with strong injection, i.e. e®.5° >1.

@ A

-
-

Eo

Figure 1. Frequency dependence of the electric field

o &

-
o

Ho

Figure 2. Frequency dependence of the magnetic field

With an increase in the external magnetic field, the
frequency increases as a function of the magnetic field
quadratically, and as a function of the speed of
hydrodynamic movements in the environment. We
considered oscillations occurring in one direction. In fact,
in the presence of an external magnetic field, current
oscillations occur in all three directions, and the
interaction of oscillations in three directions leads to a
corresponding oscillation.

To fully describe the further course of oscillations, it
iS necessary to construct a nonlinear theory. The
approximation of small fluctuations (i.e.
n'<<ny, E'<<Ey, H <<Hy) is not enough. We can

build a graph of the dependence of frequencies on the
electric field and on the external constant magnetic field.
These dependences (Figures 1-2) were obtained for
small fluctuations of the electric field, magnetic field, and
carrier concentrations. In these vibrations, the size of the
sample plays a major role. For the same values of the

coefficients 52" at the ends of the samples, the linear

size of the medium has values (28).

For cases (29-30), a environment of a different size is
required. Thus, these fluctuations occur in media with a
certain size. We estimate the length of the sample from
expression (27).
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It is seen from (27) that if 5~ > 6% and 6% > S& the

impedance of sample is negative, then current oscillations
continue. This oscillation occurs in a environment with a
length determined from following equation

0 L
S0, 0] 1 R (33)
elLy {n, n Z,
0 L
L, =" 5—g+5—5 1 (34)
e |n® n® J1-R/Z,

It can be seen from (34) that for L, >0, R<Z, and
therefore we can write

0 L
. :ﬂ[ﬁﬁ_] (35)

X
e (n® n

N
Given that eudE, <0 and x>, , when n®~n’
8° ~ - from (35) we easily get:
L <T/eE,, L <L (36)
At room temperature, the characteristic length
L, ~107° cm (E, ~10% V/cm). Then, in approximately
the nano-sized semiconductors mentioned above, if the
injection of minority carriers on the contacts has different
values (6~ > 6%, &° > 55), current oscillations with a

certain frequency and with a certain value of an external
electric current are excited.

4. DISCUSSION
In semiconductors with two types of charge carriers,
taking into account the injection of minority charge
carriers, current fluctuations occur in the external circuit

AVTy .The
0o
frequency of these oscillations is determined from (26)

w=4v, —#+H62 [%jz
Exc L C

With an increase in the magnetic field, the oscillation
frequency increases quadratically as a function of the
external constant magnetic field. With an increase in the
electric field, the oscillation frequency decreases, which
means that when the electric field increases, the condition
is violated, e4,, <1, i.e. this requires very strong

injections at the contacts, and in this case the
recombination and generation of the main charge carriers
is disrupted. With strong injection, recombination of
minority charge carriers begins, and this case is not taken
into account in our theory. For the current to oscillate in
the circuit, injection at the contacts must satisfy certain
relations (29-30). The appearance of oscillations in the
circuit does not cause resistance inductive and capacitive
nature. Oscillations inside the sample occur if the linear
size of the sample is important.

0 0
Ly =eR(nZp +nip,)
where, R is ohmic resistance in a chain. For some
semiconductors L, ~107 cm.

when the electric field reaches a value E; =
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