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INSTABILITY IN SEMICONDUCTORS WITH DEEP TRAPS
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Nozari olaraq gosterilmisdir ki, darin talali yarimkegiricilords, xarici elektrik sahasinds dayanigsiz dalga yayilir. Elektronlarin tutulma

tezliyi, desiklorin tutulma tezliyinden iki dofs boyiik olur.

Teopernueckn MOKa3aHO, YTO BO BHEITHEM 3JIEKTPHUECKOM 1oie Ey B momynpoBogHHUKax ¢ MIyOOKHMH JIOBYIIKAMHU PAacIIPOCTPaHIETCsS
HeycToH4nBas BoJIHA. HacToTa 3aXxBaTa 3JEKTPOHOB B J[Ba pa3a MPEBHIIIAET YACTOTY 3aXBaTa IBIPOK.

It is theoretically proved, that at certain value of external electric field E, in concrete intrinsic semiconductor there is unstable
recombination wave. Frequencies and increments this wave are defined. It is established, that the unstable wave arises, when frequency of
capture of electrons by the intrinsic centers twice exceeds frequencies of capture of holes.

Some impurity in the semiconductor create the centers
which are capable to be in the several charged conditions
(unitary, twice, etc. positively or negatively charged). So, for
example, [1,2] atoms of gold in germanium can except a
neutral condition, to be positively charged and unitary, twice
and triple negatively charged centers, atoms of copper, except
a neutral condition can be unitary, twice and triple negatively
charged centers, etc. To the intrinsic centers there correspond
in the forbidden zone some energetic levels. Such energetic
levels are located on different distances from a conductivity
zone (or from an upper edge of valence zone) in the
forbidden zone of the semiconductor. Depending on energetic
distance of these levels from a valence zone (or conductivity
zones) them name deep. These deep levels (the intrinsic
centers) are capable to grasp electrons or holes depending on
their charging conditions. As a result of such capture
concentration of electrons in a conductivity zone,
concentration of holes in a valence zone, and therefore,
conduction the semiconductor changes. Presence of such
deep traps in the semiconductor leads to change of
concentration of the electrons and holes.

In the presence of electric field, electrons (and also holes)

receive from electric field energy of an order eE0| , (€is the
positive elementary charge, E,, is the value of electric field,

lis the free run length of electrons). Therefore, in the
presence of electric field, electrons can overcome Coulomb
barrier of unitary charged centre and to be grasped (i.e.
recombined with this centre). Besides, owing to thermal
transfer of electrons can be generated from traps in
conductivity zones. Capture process reduces, and process of
transition increases the number of electrons in a conductivity
zone. As to holes their number increases owing to capture of
electrons deep traps from a valence zone and decreases owing
to capture of electrons from deep traps holes. Different
probabilities of generation and recombination lead to change
of concentration of carriers in a crystal. We will theoretically
investigate recombination waves in concrete semiconductors
with deep traps and two types of current carriers with

concentration of electronsN_, holes N, . Besides, in the

+

31

semiconductor there are negatively charged deep traps of
N,. From them a part of N is the concentration of the

unitary negatively charged traps, N_ is the concentration of

the twice negatively charged traps.

Ny =N+N_ (1)

The equation of indissolubility for electrons in the
semiconductor with the above-stated types of traps will look
like: [3].

o an_
E* +divj_ =y_(0)n, N_ -y (E)n_N :(?jrec ©

Here j_ is the stream density of electrons, N_ is the

concentration of electrons, ¥_(0) is the emission factor of
electrons by the twice negatively charged traps in absence of
electric field. ¥_(E) is the capture factor of electrons by the
unitary negatively charged traps in the presence of electric
field. At E=0, y¥_(E)=y_(0). In the equation of (2) the

unknown constant of N, is the dimensional concentration is

o o on_
defined in equilibrium [3] conditions from ? =0
n’N,
LB y_(E)=y_(0) 3)

The density of current stream in the absence of magnetic
field and temperature gradient is defined by expression [4]

j =-n_u (E)E-DVn_ 4)
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Where #_(E)is the mobility of electrons, D_ is the

diffusion factor of electrons.
The equation of indissolubility for holes will look like [3]:

on - on
* +divj, =7 (E)n, N—y_(0O)n. N_=| — (%)
8t J+ 7+( ) 1+ }/+( ) + - ( 6’[ Jrec

j,=n,u (E)E-D,Vn,

Here ¢, (E)is the mobility of holes, D, is the factor of

diffusion of holes, ¥, (E)is the factor of emission of holes
by the unitary negatively charged traps in the presence of
electric field, 7, (0) is the factor of capture of holes by the
twice negatively charged traps in absence of electric field.

) on,
The constant N, is defined from | — =0 [3], at
at rec
nyN°
7.(0)=y (E);n, =—— Change the twice

0
negatively charged traps by time define the change of unitary
negatively charged traps. Therefore the equation defining
changes of traps by time looks like [3] as:

oN_  (on, on_
—== -| = (©)
at 6t rec. 6t rec.

To the equations of (1-6) it is necessary to add a condition
of neutrality, i.e. the full current does not depend on
coordinates, but depends on time

divJ =ediv(j, -] )=0 (7)

Presence of recombination and generation of electrons
and holes in the semiconductor leads to occurrence of
accruing fluctuation of the concentration of carriers and
electric field in a crystal. These fluctuations can accrue in a
crystal, or to leave in an external chain (i.e. in an external
chain there are current fluctuations). We will consider
increase of a wave in a crystal and consequently frequency of
fluctuation is complex size and the wave vector in material

on o .
—+t=1L
ot or

on 0 . ..
+ -~ ,t —
a o i)

_V+n'+ (F’t)"' V+E nl—ﬂj—/

ot ot

ON!(F.t) _ {an;(F,t)

size and is defined from a condition of standing waves in a
crystal. i.e.

. 2z
0=w,+1y; K :Tm, m=0, £1, +2+... (8)

(L is the size of a crystal, M is the quantum number).
For the finding of dispersive equation (i.e. dependence of

frequency of wave@(K) on wave vector of Ky it is
necessary to solve system of the equations (1-7). Flat

n.(Rt)=n2+n.(xth N_(Rt)= N+ N (Ft)
E(Flt) =E, + E'(Flt) and, entering instead of factors

recombination frequencies of capture and emission by the
equilibrium centers

v_=Nyy_(Ep),
v, =7, (0)N’, ©)
vi =7, (E)N,

and also "combinative " frequencies of capture and emission
by the non-equilibrium centers

v_=y_(E)n’+y_(0)n,_

V'+ = 7+ (O)ng + 7+(E0)n1+ (10)

and, at last, having designated the numerical multipliers
defined by dependences of sizes y,(E), p,(E)from
electric field

/szdln}/i(E)
* dIn(E2) ’
dlnu, (E)
M =142——— 11
P dInE; (an

Linearity of (1-7) on small deviations of corresponding
sizes, we will receive

E'(F.t)

(r,t)=—v_n'_(r,t5—v_n?ﬁ7E—+v‘_N‘_(r,t)

0

%[L(F,t)— i (F.p]=0

(12)

“E'(F,t)- Di%n;(r,t)
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Here 9, = 1) E, is the drift speeds of holes and electrons. |

o o L Considering, as Ny << N’, N° and —<<1,
Including fluctuations N i(I‘lt), N (I’lt), N_(I‘lt) in a crystal v.n,
proportional ~ €i lZF —@t) we will receive representing substituting of (3) in (2-5) we will receive following two

waves from (7) following values for components of variable equations for N, :

electric field in a crystal

o” Bn +B,n, =0
, ek , ,
E, :—I—y(D+n++D_n_) o |
o (13) Substituting values of A, and B, from (14) we will
E; (D+kzn+ D,kzn',l receive the dispersive equation A B, — A, B_ =0 i.e.
o’

uo_ i u. _ 0 pu
o' =c"+0";, o, =en_u, pl. |

2
{—iw—ik3_+D_k2+V -v. p— (HID :I l:—|w+|k8 +D,k* +v, + T+ n“ ff[lﬂDk K H_

- . D.k> - 2
- Tk ik, v g e T i P g T (ke ik ) prvs e T[40 2
+ 4
u ot 9, o n, o* kg
(15)
o, Nn _ o ~
Having designated O'; B 7 V+E =V+E; v_p’ G—;=V_, and considering, that mobility of electrons more than

mobility of holes, i.e. ££_ >> p. we will receive from (15) equation for definition of frequency @ of fluctuation in a crystal

o’ + [@_ +av_+bhvE+ i(v_ +v, +akd +7VE —17 ) ~-k*9.9 —kdv,a-
—vk3a-viE+vv +vy, +ilkdv, +kIVE —v kI +bv I E+kI TV +
~ s~ O, - =
+av+v_+,8_“—;kl9+vf +pr 27 K8 )=0 (16)
O o
D k* D.k?
Here a=———; b=—"—.
k3. k9,
The equation (16) we will write in a following kind
o +(a+if)w+ Q% +i6* =0 (17)
The decision (17) looks like:
; 2 2
a+1 a — Q,
W, == 2ﬂi\/ 4ﬂ -Q% + ( d sz

.op

a f—
For allocation of material and imaginary part @, , we will designate Tﬂ -’ =0Q7; > 0> =Q> then

VO +iQ) =x+iyand Q7 +iQ] = x> —y* +i2xy
/2 /2
_%~L/Qf+Q‘Z‘+Qf} ;y:%{,/QHQ;‘—Qf]‘ (8

o, = x—%+i(y—,8/2); w, =—(x+a/2)-i(y+3/2)
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From (18) it is visible, that atff>0 a
w,corresponds to fading wave in a crystal
) \ —iat (0
(ni, E )u € oe ogirk et cos(a)gt + l//) because

W, = a)g +1iy; y <0.From expression [ it is easily
visible, as # <0 and /2 > Y itis impossible. The wave
@, with frequency of @ = X—a /2 and with increment
of y=y— /2 aty > /2 is accruing.

Substituting values of Y and p /2it is easy to check up a

conditiony > /2 .i.e.

0% + p2a? > apo’. (19)

From obvious expressions of a, f3,Q, @ it is visible, that

2

check the condition (19) is too bulky, and consequently we
will consider following experimentally carried out cases

v, >D,k*; ¢4 >(v.D,,v.D_) D_>>D,

[
root

Substituting of (21) in (19) with the account of (20) we
will receive a condition occurrence of accruing waves (i.e.

instability of a wave)
v_>2v, 22)

When frequency of capture of electrons to become twice
more than frequency of capture of holes in a crystal extends

(04
an unstable wave with frequency of @, = X —E and with

increment of ¥ =Y — /2. Frequency @, and increment
waves corresponds to certain value of external electric field

v_D_

Eg >> ;

H_H

Substituting values of Y and f inw, alsoy we will
4

}/:V+(E_l) (24)

1/2
v, ,
in force of

(23)

easily receive

o - (ka_r.)"*;

b

From (24) it is visible, asL ~2
k3

@,
23y <L w,.

Thus, when external electric field reaches to value (23) in
specified intrinsic semiconductor because of capture of
electrons and holes by the intrinsic centers arises the
recombination wave with certain frequency. Increment it is
much less than this wave, than frequency of a wave. Thus
frequency of capture of electrons twice more than frequency
of capture of holes.

o’ n, o*
pr=—>>1 pl=——>>1.
o_ w 0. (20)
At performance of a condition (20) we will receive
2
2 4 - 2 a+b wv_
Q°*=vwv,, 0" =(kdv,) |1+
2 k$_
(21)
bv av_
a=k9_| 1+ 4 ;
k$_  kI_
2
2
D_k
pr=(2v, )| 1+
v,
[1]. B.K.Ridley, R.G.Pzatt, Phys. Lett, 4, 300, (1963).
[2]. R.G.Pzatt, B.K.Ridley, Proc. Int. Conf. Phys.
Semicond. Paris, 1964, P.487, Proc. Phys. Soc. 85,
293, (1965).

34

A.G.Mironov

"

B.L.Bonr.  Bruevic, |.P.Zvyaqgin,
"Domain electric instability in semiconductors
Moscow, 1972, p. 30-35.

Energy radiation intrinsic semiconductor in external
electric and magnetic fields, E.R.Gasanov, Pasoul
Nezhad Hossein, Physics, 3. XIV, 2008, p. 58. Baku.

(3]

[4].



