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I.  Introduction

Fluctuations of a current in spending environments arise at availability external influences. It can take
place, if the spending environment is in an external electric floor, in external electric and magnetic fields and
even at availability of a gradient of temperature in the environment. In semiconductors (electronic type,
electronically-hole type) carriers of a charge from external influences are accelerated or slowed down impurity
by the centers and consequently distribution of a charge in the semiconductor deviates equilibrium values and
thus inside of the semiconductor there are areas with different values of an electric field. These sites (them name
domains) move on all image and then there are fluctuations of a current in-external a circuit [2].

In impurity semiconductors recombination and generation of carriers of a current impurity the centers
lead to fluctuation of a current in the sample. Availability impurity the centers and their charging conditions
causes occurrence of fluctuation of a current in impurity semiconductors. Some impurity in semiconductors
create the centers, capable to be in the several charged conditions (unitary, twice, it is triple positively or
negatively charged). For example, atoms of gold in Germany to the order a neutral condition, can be unitary
positive also charged or unitary, twice and is triple the negative charged centers; atoms of copper in Germany to
the order a neutral condition, can be also unitary, twice and is triple the negative charged centers; atoms of
copper in Germany to the order a neutral condition, can be also unitary, twice and is triple the negative charged
centers. These impurity have different power levels in the forbidden zone. In dependence of removal of these
levels on a valent zone (or from a bottom of a zone of conductivity) them name deep levels. These deep traps
are capable to grasp electrons and holes depending on their charging conditions. Variations of concentration of
electrons in a zone of conductivity and holes in a valent zone lead to variation of the general electrical
conductivity the semiconductor. Depending on an experimental situation these deep traps possess a different
degree of activity. In electric floor E electrons (as well as holes) receive energy e¢El (where, ¢ — a positive
elementary charge, I-length of free run of electron). Therefore electrons can overcome Coulombic a barrier of
unitary charged center and to be grasped, i.e. recombine it. Also generating electrons in deep traps of a zone of
conductivity is possible. Besides electrons mightily to be generated from deep traps in a zone of conductivity. At
capture of electrons by deep traps in a valent zone, the quantity of holes increases. At capture of electrons from
deep traps holes, the quantity of holes decreases.

In the presented theoretical work we shall construct the theory of external instability in semiconductors
with two types of carriers of a charge (electrons and holes) and the certain deep traps at availability of a constant
external electric field.

The theory of fluctuations in view of a relaxation of carriers of a charge is constructed in work.

In the further we shall have to a type, that the semiconductor possesses carriers of both signs (electrons
and holes), with concentration accordingly equal and. Concentration of negatively charged traps we shall
designate. Let concentration of unitary negatively charged traps equally, and twice negatively charged traps -.
Total of negatively charged traps we shall designate it is defined as the sum and:
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No=N+ N_ (1)

In the model of the semiconductor chosen by us at availability of external constant electric field EO, inside of
the sample there is eltrastic a field

- o> -
E=E,+E". )
Thus concentration of carriers of a charge are defined under formulas
. 0 '
n_=n,+n;n_=n_+n,. 3)

In the semiconductor described in the above-stated parameters occurs fluctuations of carriers of a charge and an
electric current. If thus in an external circuit the full current is equal

I =1, + I_ =const, (4)

That fluctuations inside of the sample can grow (because of availability of internal instability).
With occurrence in an external circuit of a part of a current

I'#0 (5
There is an external instability. Available instability frequency and a wave vector of fluctuation have a
following appearance:

kzzT”-m.(mzo,J_rl,J_rZ,...), ©6)

O=0y+1-@. @)
Where, L-the size of the sample, - and - material and imaginary parts of frequency of fluctuation inside of the

sample accordingly.
At external instability of a condition (6) and (7) look like:

=00y, K=K, +1-K,. (8)
In the given work to us analyzed conditions of external instability (i.e. conditions of fluctuation of a current in
an external circuit) in the above-stated semiconductor in a constant external electric floor.
At the theoretical analysis of external instability it is necessary to calculate an impedance of the sample.
Voltampernaya the characteristic of the sample in conditions of external instability has a falling site and
consequently the actual part of an impedance is negative. From the equation

ReZ+R=0 9)

Frequency of fluctuation of a current or value of an electric field in conditions of external instability is defined.
In the equation (9) R - ohmic resistance in a circuit. The imaginary part of an impedance in a falling site can
have a positive or negative sign. Then from the equation

ImZ+R, =0 (10)

It is defined either frequency, or an electric field. In the given equation Rl— resistance of capacitor or inductive

character.
The basic equations of a problem
The equation of indissolubility for electrons in the semiconductor with the above-stated types of traps looks like

[1]:

on . . on
D | divi =y (O N_—y (E)nN = (_j a
ot ot rek
Here, - density of a stream of electrons:
jo=-n_ -,u_(E)— D_-vn_, (12)

- Factor of emission of electrons twice negatively charged traps in absence of an electric field (it can be named
factor of thermal generation). In non-degenerate the semiconductor the given factor from an electric field does
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not depend }/_(E)- factor of capture of electrons unitary negatively charged traps at availability of an electric

on
field. Concentration - is defined from condition | —— =0 [3]
ot rek

n°N,
n_= 0 (13)
N
- The mobility of electrons depending on an electric field, factor of diffusion of electrons.
The equation of indissolubility for holes will look like [2,3,4, 5]:

on - on
=+ divj, =7, (E)n.N -, (0)n,N =[ *j (14)
ot ' ot rek
) -
J,=n_- /u+(E) E- D+Vn+ (15)
1+ No

Owing to pekomOnHammu and generation the number twice and unitary negatively charged traps (thus the total
of traps remains constant) changes. The equation defining variation of traps in due course looks like [2,3]:

ON_ (am j (an_ j
—= +| — . (17)
ot ot rek ot rek
To these equations it is necessary to add a condition quasineutrality
divj =e-div(j, - j) (18)

According to the expression (18), the full current does not depend on coordinates, but depends on time.

Il. The Theory
The equations (11), (14), (17), (18) should be solved in common. At linear approximation and from formulas
(112), (14), (17), (18) we shall easily receive

(v_ —iw—iko_ +Iu_k2JAnf +(nvﬂ
e

0

—iky_nJ-AE"—vf -AN" =0
n,-ve-pB
A+ T +J-AE"+VL+AN[:O

0

(1@ —lw—ikv, +I,u+k2jAni +(ik/1+ ‘n, +
¢ (19)

AN" =

AEI!
-{v_-An’_’—v+-An’+'+(n_-v_-,[i’_+n1+v+E +)- }
V—Ilw

E,

AE”=£(—U AN —v, AN + ik AN — ik -An”j
o e e
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(v_—ia))-An'_+n v_—lw- £—V -AN' =0

0

(v, —iw)-An" +n, -vE.p, AE—E+V -AN" =0

0

ANL:# {v -An’ —v_-An +(n;, - v Bo+n_v_-B)- £}
v _—lw Eo

AE':l(Au—e-U_ -An’ —e-v, -An;)

o
At reception of formulas (19) and (20) following designations have been entered: )
An, = An, - +An7 'Y E'= AE'+ AE" (21)
=y_ ( 0) o - Frequency of capture of electrons unitary charged traps,
= 7/+( 0) - Frequency of emission of holes unitary charged traps,
=y, (0) - Frequency of capture of holes twice charged traps,

7. (O) n + 7+( ) n,, - The combined frequency of capture and emission of holes by nonequilibrium
traps
vl =y_ (0) n_+ y_(EO)- n’® - The combined frequency of capture and emission of electrons by

nonequilibrium traps

ﬁ+ :2.d|n7/+(E0).

v=v. +v; 5
dnf E, )
T
Except for these designations are used D, =—- 4, - Einstein's parity.
P

N’ <<Ng, N°% 0)=u’E,=v,; nl=n,

Excepting AN", AN", AE', AE" from the equations (19) and (20), we shall receive following systems of the
equations for definition and a wave vector to:

U_(k)-An" +U_ (k)-An” =0 22)
® (k)-An” +@ (k)-An” =0

U_(0)-An’ +U, (0)-An’ +UAI =0 23
® (0)-An’ + @ (0)-+ DAl =0

Expressions U.(k), U40),D.(k), @.(0) easily turn out from formulas (19) and (20). Therefore their expressions it
is not written out. Solving (23) it is defined in a following type:

v COU-U©@®
U_(0)-@,(0)-U,(0)-_(0) (24
__VO@e-0.0U .

" U(0)@,(0)-U.(0) @_(0)
For definition of a wave vector (22) we should solve the dispersive equation received from a determinant, made
of factors U (K),D.(K):
U_(k)-@,(k)-U, (k)-®_(K)=0  (25)
However the dispersive equation in the form of (25) is too bulky and consequently we shall consider its decision
in two limiting cases after
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olw(n. —ny) + i(n.,.vin_‘,.? 6 + n_v_B_)l
RypVeRy

k, =
! (n- —ny)2 + N4 Vin v +n_v_f_
oy ViR
ep L. Ep PRy
. _ eE[o(n_—n,)+(v_—v.)—(n_B_+v.En,B.)—iwc(n’ —n?)] -
, =
nv,+n.v E
eﬂ,ﬂ+E(7+ 1++ﬂﬂ)
wo(n_—n,)?
1) High-frequency case i.e.
oc=0,+0_
—= <<, <<, <<1,
Vi €L, €L,
At the decision of the dispersive equation (25) we used small parameters, Where | — length of a crystal.
2) a low-frequency case, i.e.
v’ -nv.’ ( )
K — con.v_"—n,v, —(v_ +v+) nv_pg +n,v +ﬂ -
1
eu 1, EO (n+v+ —nv_+n_v_ ﬂ +Nn,v, ﬁ+)
—iov.v! (n+v+ -nv_+nv_B +n,vpB, )
1
k, = X
2
(o~ v p +n.vEB,)-olny, +nyv.)
<{o?w-[2nn, (v v, )~nv B +n.vEB Jn +n, 27)

+cm(n_v_ﬂ_ +n, vEp, Xn -n )(0_ ~0,)-iox (n+v+ +nv_+nv B +n,vEp, )|x )]
X [(nfvﬁf +NLv, ﬂ XO‘ —0, (n—v— +nv, )]}

After a finding of expression of wave vectors k1 and k, by means of the formula (27) it is possible to calculate
an impedance of a crystal, representing expression catch
Let's receive for an impedance expression
For definition of constants we should use boundary conditions of deviations from equilibrium conditions. In
dependence by-pass directions of both contacts it is possible to distinguish two types of boundary conditions:

1) On both contacts particles of an identical sign are injected

AE(x,t) = l(AJ —ev_An_+ev, An, + IMVn+ -~ I,anj
e e

o
where, An, =c/e™* +cje** +c"AJ u An, =c " +ce"* +c A, (28)
2) On both contacts particles of an opposite sign are injected
ik L - + - +
Z= jAExtdx Z,|1- ele™* -1) vC +0.C | T ol tuC
AJ S’ o} AJik L e AJL
€ - +
-—(@C +v,C )} (29)
o

Considering all four cases we should define constants And therefore an impedance crystal under the formula
(29). In the mean time the way of definition of constants is identical in all four cases. Therefore boundary
conditions we shall write in such type
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An, (0) =6, (0)AJ’, An, (L) =&, (L)AJ’, An_(0) = 5_(0)Ad", An_(L) =5_(L)AJ’
(30)
Substituting (30) in (28) we shall receive
ol (0)-C*Je= —e~ )? [5.(L)-5.0)] ;-
e’ —e”
C;— _ [5+(L)_ 5+1(O)] CAJ
eaz _ea

o |5.(0)-c ](eaze - e_ae )t; 5. L)-6.0) ;.
o _[L)-50)] ,,

2 a ot
e —e (31)

Substituting (31) in (29) we shall receive expressions of an impedance as function of an electric field and
frequency of fluctuation of a current. However the received expressions of an impedance are bulky enough.
Therefore they will be analyzed in following limiting cases.

High-frequency case:

o>>vE v, v,
1) n>>n,,givens’ Lv_ B <<v,
ReZ 21_[21/5}2 E,_ E .(BVB
Z, w E, E’5.0)\ o
ImZ _(21/_,8_)2 _6v. E,  E [

-sin9+cosej; Hza)—l'

v,

sin Q—BLCOSQJ; .

Z, @ o E E*5.(0) @ (32)
L
Where Z,=-——;, S-cross-section section of the sample.
0,5
1 8vEVB.Bu, . 1 4vuens, 0B
E, Lo*  E*5,(0) Lw?
Solving system of the equations
ReZ R
—~ =0
Z, Z,
|
mZ N R 0
Z0 ZO
(33)
Where, R-ohmic, R;-capacitor or inductive resistance at
R=R, =2,
Let's easily receive
2E 1
E, = . a)=3vf(ﬂ7)2
6v_
1+
w

2) n>>n_, given 5°(0)
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Zy

2 2
%:1_[2‘/%’—) — Es 2+£-sin0+cos¢9j+l=0

® EZ(&(O))'( v_

2 2
ImZ =— Es (Vﬁ sin0+cosej—(2‘/ﬂj +1 (34)
Z, E;(0 0)\ o 0]

0

From (34) we shall easily receive

El[a—[ﬂ]]_ = : = (2B
== w="T_pB_; E[ﬁ_m)]—(m)

3) n<<n,, givens’(0)

1
En=

E:1+E—':'(M-Fal:: sinEl+ccrsEl) EU (I’L+m SIHB+CDSB++_B_CDSH)+IZU

Ep |\ u- E2(6L) +l4
(35)
ImZ .::n( V_ ) E} ( e
sin——cosB |- ———— sinEI——+1)cnsEl+1=l]
Zy  Eq w E2(8L) Vops
1 n_pif_ 1 V_ep_py8L
Ei  nypslw?’ EZ(8L) B Lw?
From (35) at. T.eowL / 9_-we shall receive
— V_E§ 2v2 — V_ES
Eo = 2E4, ©=207-— E; »1 (36)
4 N €Ny, given 8%
Rez En E% T
— =24 —5111EI+ ® cosB +— sin® +cos®
Zp Ey ( Lt +V— ) (EX) (H—V
Im v_E, Elo ( . @
— == sin@+-2coso |+ ———|sing+ HD 050 |+1=0 (37)
Z, wk, V_ Es;(v; uv_
Substituting value Es in (37) we shall receive
1 1
5 1
0 — fu_ 1 A_ 142 ,
—=+42m| — - : > 1 and it proves that w & V_
LA (H+ EB_EL) ( —L) P '
7B ”
Low-frequency case @ < V. v LV B_ «8_
1) » n given 87
ReZ Ep (p_ E}
=22 (Esine +1nEl) 0 (_mne -I-lnEl)
ZU Eq {Eau}
ImZ E‘U (40:: ) ) En W ( )
— = cosf—sin® —— |+ ——————|2sinf — casﬂ]+1=l]
Zy  Eq\V4 Vi Eg ’l?E) + Vi (38)

1 _nVipeB, 1 pip.ed)

Ex  LvZn; EZ(8%) LViu-

0
From (35) at 2.
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0
ED = El » = 21‘? (Ea )
Eq
yn_» 1, given 52
ReZ _  9.p. 9.B.: EZ [
ﬁ_z A + TV, ﬁsmﬂ +InB {Ea }(—s:nEl—HnEl)
Imz __30:+B-w_ ﬂ B+ (5111E| +3cos8) + —— B¢ (slﬂﬂ+ tnEI] 1=0
Iy L2 (Eau) Vs
* (39)

1 p,u_p_ed?

E2(8L) L,
From the solution (39) we easily obtain
w 1 LV
—=—<«1; Ep= -
V., 6 0 T
3N «n,, given 8L
ReZ EZ EZ (m ]
—=2—na— sinB8—-InB|=0
Zy E2 [EE) E2(8L)\V+
ImZ EU 'ﬂ+B+ (Y] Enz (
—=b- — — + SIIIE+ 11-19] 0
Zp Ez[ﬁé) LV, Vy E2(&L) (40)
B =27 from (40) obtain:
1
w 1 VYV 2 Vi Z
V.~ g <1l  Eo=Eg|z +E
. B-V_V! B-V_VE
4N K0, given 8%
ReZ EZ EZ
——=2—@g— (sinB ccrsEl]+ {s:nEl—i-cnsElj—D
Zy EZ [SL) EZ[SL)
ImZ E
zi:b EU(SIHEI‘l‘ Iﬂﬂ)+ 7oL (SIIIEI+ IT‘I.EIJ+ =0
0 1 [5 ) (41)

From solving (41) given:
E, = 2Eg, %=§—;<<1
I11. Discussion

The analysis of all results in a high-frequency limit leads to a following conclusion. In a high-
frequency limit (frequency it is much more than fluctuation of a current than all characteristic frequencies
entering into theories) is possible supervision of several areas of instability. These areas essentially depend on
value of concentration of carriers of a current, from value of an external electric field, from frequency of
fluctuations. Dependence of these observable areas of instability on factors intentions proves only at a high level
of injection at ev+8+0, L~1 fluctuations in-external a circuit, both in high-frequency, and in a low-frequency
limit. Conditions of occurrence of these fluctuations depend on different parities of equilibrium concentration of
carriers and different values of an external constant electric field and slightly depend on factors of injection. At
very greater levels of injection of a condition of occurrence of these fluctuations depend strongly on factors of
injection.
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IV. The Resume

In semiconductors with two types of carriers of a charge (electrons and holes) deep traps, construct the
theory of external instability by calculation of an impedance of an image. At negative value of an actual part of
an impedance frequencies of fluctuation of a current, value of an external electric field are calculated. We shall
find some areas of external instability of existence of fluctuation of a current in semiconductors with deep traps
with the certain concentration. Concentration of deep carriers (N, N-) » (n, n-) change a sign on an electric
charge at availability recombination and generation of free carriers. Some values of a parity of free carriers of a
charge in which are certain, fluctuations of a current appear in-external a circuit. Are certain, that fluctuations of
a current very slightly depend on appropriating factors of injection if the inequality ev+0+0, L « 1 is satisfied. At
the return an inequality ev+6+0, L~1 critical value of an external electric field and frequency of fluctuation of a
current very strongly change
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