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For the correct consideration of the kinetic, photoelectri-
cal and optical phenomena in semiconductors and semicon-
ductor structures i s necessary to take mfo account the cap-
wre of carmers on afiracting centres. Such centres i semi-
tential of which is considered usually as Coulomb one. The
capture on Coulomb centre in semiconductors was first con-
sidered by Lax [1] and was comected in {2.3]. The various
wspects of the camier capture problem i semiconductor
structure were considered in connection with the nvestiga-
tons of low dimensional systems [4 5] However, the poten-
tial of a charged impurity in real semiconductors may be con-
sidered as purcly Coulomb one oaly m the weak doping case
(9,4 << 1, where N, is the shallow impurities concentra-
tion, a, - the effective Bobr radius).
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distance between ceptres I~ N_.“” becomes comparable
with radius essential for capture r=e"/zkT, it was supposed
that the capowre occurs on mmpurity potential fluctuations
wells. Bat a comment account of the capture demands a correct
choice the form of amracting potential. Actually, with in-
creasing of impurity concentration it is necessary to take imto
account the screening of Coulomb potential of the charged
tial must be ssbsttuted by screcamg Coulomb potential, e

Ulr) =(e’/yr)exp(-r/ry) (1)

In (1) r; is the Debye screening radius and it must by be
chosen a8 r.~yE,/(6zne’) in degenerate case and as
z-J;trf; 4zne’) i the nondegenerate case, where
E, = Mkl /20", k= (420") "7, yis dielectric constant and
n @ free carmer concenitration.

In this work we consider the capture of free carriers on
potential of the form (1) and discuss some essential dey

o,/0=2(kT) (e’ / zr,f]exp{f-sfm /(E*J (x)HE
[

where .= (4x/31,) » (& /zkT) is the CCS in the Coulomb
[= "8

The results of numenical calculation at T=4_2 K for GaAs
(carve 1) and Ge (curve 2) with parameters ='=0,067 =,
7125 and 2°=0082a_, 7 =16, correspondingly, are shown
infigl.

tails of this problem.
Similariy o Coulomb potential case the capfure radms s
determined from the equation

E=(e’/yr) exp (-r/r;) @
where £ s the total energy of carrier.
To cakulate the capture cross section (CCS) we use-the
following expression [3]
o=("hR")/ rzrn‘{ pr (E/kT)B (E) dE]
G)
where

B(E)= In;’pums— e-U(rjded’r )

ple) =82 2ah) " 6 jrie)= Lim' /2607,
L=(xh'p,)/(2=”E]} (9
E. b the deformation poteatial constant, o i the crystal
density, = * is the camer effective mass.
For 5(E) m this case we have-

B(E)=4mr’E°J(x)/ ai:.l,ﬁ’ | (6)

J(x)=2x"+12x (1+x-e™) +35 (=1 )e* (7
where x=r,/r;, r;is the root of equation (2) for a given
screening length ;.

Substituting (6) and (7) into (3) for CCS we obtain an ex-
pressin:
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It is casy to show that when r,—<= from (8) for CCS
Coulomb potential case can be obtained However, the
screened potential (1) as distinct from Coulomb one hasa
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Fig |. Dependence of 0./ on screening radies r5/ay"
1 - for GaAs; 2 - for Ge 3 - Coulomb poteatial case.
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finite number of bond states and when r.=a,* has not any
bond states, they pass into continuous zone [7.8]. It s obvious
that i the absence of bond states, CCS s equal to zero. As it
is seen from fig | the method used m [6] gives the decrease
for CCS no more than in 20 and 25 times for Ge and GaAs,
correspondingly, when r.~a,”
This indicates that the method used in [2] and n this work for
CCS cakculation becomes unacceptable at small screening
lengths, when the discrete states number are small In this
case the capture process can ot be considered as a diffusion
lowering through enerpetic states of impurity.

Note that in the high impurities concentration case, when
I £ 4 a, m semiconductors at low temperatures Mot
transition takes place. This phenomena also due o disap-
peanng of all bond states of mmpunty potential for -, < 2,”
The equality of CCS to 2ero when r; < 3,” may be consid-
ered 23 a one of the reasoms of Mol ransition in semicon-
ductors.
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