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RECOMBINATION OF HOLES IN DISLOCATION
CENTRES IN AN ELECTRIC FIELD

Z.A. VELIEV, N.A. KARDASHBEKOVA
Nakhchyvan State University,
The Azerbaycan Republic, Nakhchyvan, University campus

Recombination of holes in an electric field in the semiconductors with edge charged dislocations is studied in the paper.
It is shown that the effective cross section of the capture decreases with growth of the strength of the electric field.

The cross section of capture of holes by charged edge
dislocations in the presence of external strong electric field is
considered with allowance for interaction of carriers with
acoustical phonons [3].

However, in the presence of strong electric fields
interaction of holes with optical phonons begins to take the
most important role in the recombination process. The
presented work is devoted to the process of recombination of
holes interacting with both acoustical and optical phonons in
the presence of strong external electric fields.

The question is investigated with the method developed
in [1-3]. The temperature of the lattice is considered

considerably low (kT << hw,, T is the thermodynamical

temperature of the crystal, hw, is the energy of the optical

phonon). Therefore, only the processes with radiation of an
optical phonon can be taken into account. We shall suppose
that the potential fields do not cross, i.e. each center acts as
an isolated center. As in pure semiconductors the function of
distribution of charge carriers is formed in the result of their
collision with the oscillations of a lattice. The energy gained
with minority carriers per length of free running in a weak
electric field is small, i.e.eél >> hw,, formation of the

function of distribution is realized with collision of holes
with acoustical phonons.

The method of calculation of distribution function in such
fields has been described in [4]. If the intensity of the electric
field increases, then the energy e&!becomes comparable

with hw,. Non-elastic collisions of charge carriers,

P(E) = jp(s)&(E’—é + U, In —;—)dgdjf

Here p (E) is the density of the state in the valence band,
p(T)=p(E) at E=kT;, L is the length of the dislocation, R
is the Read radius of the edge dislocation,
U, = e’f / dmee,a, £ is the coefficient of filling of
dislocations of electrons, e is an elementary charge, a is the
distance between atoms along the dislocation line, £ is the
dielectric constant of the crystal, & is the electric constant.
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accelerated by the field with the lattice when optical phonons
are emitted begin to take a great role in the formation the
distribution function. As the result of these collisions of the
distribution function becomes asymmetrical and it is pulled
along the field and the growth of the average energy carriers
decelerates with growth of the field intensity. In very strong

electric fields (e£! >> hw, ), collisions of minority carriers

with the oscillations of the lattice get an elastic character
again [4].

The cross section of the capture in radiation of an optical
phonon by a hot carrier is calculated from the general
formula

j' W(E, E' )£(E)p(E)p' (E' )dEdE"
N, < v > [£(E)p(E)E
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Here W(E, E’) is the probability of transition of a free
carrier with the energy E to the bound state to the dislocation
center with the energy of bound E’ per unit of time in the
result  of radiation of an  optical  phonon

hwg(E'= E-haw, ), £(E) is the distribution function of

hot holes in the valence band. .The functions p(E) and
p’ (E’ ) describe the full density of the state in the band and
in the dislocation center, respectively.

The magnitude is determined with the formula
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We carry the calculations in the limiting cases of week
and strong electric fields. In weak electric fields when

kTp<<h w,, transitions occur in the bound state with the
energy E'~ hw,.
In this case

pr (') = pl (ha)o)
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Here a=e’f/4ncc,akT, p =(&/Emar)?, £ is the In strong electric fields when kT, 2 @, the main
intensity of the electric field contribution to o, is given by captures of carriers the higher
Y 5 2 excited levels of the dislocation centre with the bound energy
Eopar = (6mKT)’2 - (mE_)°kT / mep,S R, E'=A (A determiners the position of the discrete levels in the
o dislocation well, i.e in the dislocation well the discrete energy
A is the numeral multiplier of unit order, U(x, y, z) is levels correspond to the negative values of the total energy
the Cummer degeneracyon hypergeometric function. - |El<A). The magnitude of A is determined from the
| condition | grad E|=0at z=R, (£) , where

A = 2akT - { 3 v (aem Y | @)
Jiv 1n SokT \/Z + erD§ 1n »3qkT \/zE yatr 2z R,
vz er,é V2 20akT efr, V2

2akT/eé , at, ,% < r £ R,

= &)
r, In(3akT/er, (), at r 2R,
After the not complicated calculations we have the following exspression for o,
52D kT hco; % Eim’r? ;
Gop(g) = v - . 3 S : . i 4 exp(- %x) (6)
z ms; \-4 ] n'r,

Here D is the numerical multiplier of unit order. The : ,_1 (A 1
limits of strong and weak electric fields are determined with T ( §) /0, (0) ~(KT) " expr| — —— +.r
the expression g~1 , so that for the crystal n-Ge when P N\ 2k T  a
m10"kg, £=16, ng10"4°, 107</<1, $~10°m/s, the L LS (oA
magnitude &gpap~10°V/m. It means that in the fields Top($) / Ocp(0) ~ 4 ?xp 1 _ 2kT)
gch”d(‘)’ v/m the formula (3) takes place, but in the filds '

5cha,>105wm. the formula (6) does. As is seen from these formulaes the cross section of the
The temperature dependences of the cross section of the ~ capture intensely decreases with growth of the electric field

capture are described with formulaes ‘ strength. SR o
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ELEKTRIK SAHBLORINDO DISLOKAS?YA_MGRKBZLBRTNDB :
DESIKLORIN REKOMBINASIYASI

Isde kenar yﬁklii dislokasiyah yarimkegiricilorde xarici elektrik sahelerinde desiklorin rekombinasiyast dyrenilmigdir.
Gésterilmisdir ki, elektrik sahesinin intensivliyinin artmas: ile zebt olunmasmin effektiv kesiyi azalr.

3.A. Beauen, H.A. Tapaambexona

PEKOMBHHAILINA ABIPOK HA TUCJIOKAIIMOHHBIX HEHTPAX
B 3JEKTPHYECKOM IIOJIE

B nanHo# pa60’l‘€ H3Y4YCHA pCKOMﬁﬂHaLlM ABIPOK B JHCIOKALMOHHBIX HEHTPaX BO BHEIIHHX JJICKTPHUCCKUX TIO/AX.
[Toxa3sano, 4TO ¢ pOCTOM HANPAKCHHOCTH CKTPUIECKOTO NOJIA 3®¢CKTHBHOC CEYEHHE 3aXBaTa AbIPpOK YMCHbBINACTCH.
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