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The frequencies and increase increment of arising waves in homogeneous and impurity semiconductors have been calculated. The
change interval of external electric field in the conditions of internal instability has been found.

The theoretical investigation of electric instabilities in
the semiconductors forms the possibilities for experimental
preparations amplifier and generators, working in high-
frequency band. The oscillations, arising inside the sample,
can go out increasing and at that the current in the external
circuit oscillates, i.e. the external instability arises. At
external instability the oscillation frequency o is real value,
and wave vector K is complex one. If current oscillations take
place in external circuit, then this means, that charge and
electric field oscillations inside the sample have already
aroused. Thus, the sample, inside of which the charge and
electric field distributions take place, is the active circuit
element. Firstly, by this reason it is needed the foundations of
charge internal oscillation and electric field for theoretical
description of current in external circuit. When the charge
redistribution arises inside the sample, the possibility of
internal instability arises. At internal instability the wave
vector is the real one, and oscillation frequency is complex
value.

In this paper we will theoretically investigate the
conditions of internal instability in the semiconductors with
one type of charge carriers. When the semiconductor is pure
material (i.e. there aren’t impurity atoms in semiconductor),
then charge redistribution inside the sample takes place
because of external fields. If there are impurity atoms in
semiconductor, then current carriers can be captured
(recombination), or emitted (generation) by impurity atoms.

The corresponding control system with taking into
consideration of recombination and generation of charge
carriers has the form:
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p=e(n+nr); N is concentration of impurity atoms, @(E) is
capture frequency of charge carriers by impurity atoms, Nyec.
is electron recombination concentration, X{0) is coefficient of
electron emission by impurity atoms. Linearizing system (1)
without taking into consideration with respect to electric field
and concentrations of charge carriers
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and considering, that fluctuation values

[E'(x,t) k n'(x,t)]~e" ™ from (1), we will obtain the
dispersion relation of the following type:
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From (2) it is seen, that w=ap+ij; Uy=x0Eq
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Substituting (3) in [E'(x,t) k n’(x,t)]~ei(kx‘“’t), we
easily see, that 0<0, i.e.
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The oscillations of charge carriers inside the sample
increase and sample state is instable. These oscillations take

place with frequency . However, at
u = 8£en d7D ‘ these oscillations are periodic ones,
0 £ o dE 'E = E0

i.e. Rew=0. At that the considered fluctuations damp or
increase without oscillation. The increase increment of
aperiodic oscillations has the form
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From (4) it is seen, that aperiodic oscillations can arise in
long samples quickly, than in short ones.

Let’s consider the arise conditions of instable fluctuation
waves inside sample in impurity semiconductors.

Linearizing system (1) with taking into consideration of
recombination and generation of charge carriers, we easily
obtain the following dispersion relations
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Ty = ¢ is Maxwell relaxation time | carriers
4z, T, = B0 s life time of free charge carriers.

T=N [(jlo)a)(EO)nON ]71 is generation time of charge T3 +7

carriers Designating @7, = X from (5) we obtain

7, = [(J,0)@(E,)(N —nt,, )" is capture time of charge |

2
a=1+ 2DT1 dfna)’ b:i+i’ C:i—k 7, (dgna)_l)
Uty 7, d/mE ™, S 7. CdmE

x* +(kur, +ib+iz,k’D)x —7,k*D +ikuk’z% +c =0 . (6)

dnew 0
d/nE

As 7, <7, at

from (6) we obtain
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Considering, that X=X, +IX; and X; <<X, from ° frequency o, _ 1 1+ Tn )+k?D. when electric field

solution (6°), we obtain Tm 23
changes in next interval.
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(kuz)) Thus, the emergences of electric instability in impurity
From (7) it is seen, that recombination fluctuation is  semiconductors essentially depend on recombination and
. ) ) 1. s k2D ) generation frequencies of charge carriers. This process (i.e.
increasing one, if k’D>— ie o >1 with  sample instable state) leads to wave radiation from sample
T
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with definite frequency .
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BiR TiP KECIRICILIY® MALIK YARIMKECIRICILORDO DAXILi DAYANIQSIZLIQ NOZORIiYYOSi

Bircins vo asqarli yarimkegiricilordo daxili dayanigsizliq soraitindo artan dalgalarin tezliklori vo inkrementlori
hesablanmisdir. Dayanigsizliga uygun elektrik sahosinin doyismo intervali tapilmisdir.

M.B. Ixammua, E.P. I'acanoB

TEOPHSI BHYTPEHHEN HEYCTOMYABOCTH B IOJIYIIPOBOJIHUKAX C OJHUM
THUIIOM HOCHUTEJIEU 3APSIJIA

Berunciensl 4acTOThl ¥ MHKPEMEHThI HAapacTaHUsl BO3HHKAIOIIUX BOJH B OJHOPOJHBIX M B MPHMECHBIX MOTynpoBoaHHKax. Halinen
HMHTEpPBaJl N3MEHEHNUS BHEIITHETO HJIEKTPUYECKOTO IO B YCIOBUSX BHYTPEHHEH HEYCTOHIHBOCTH.
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