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Friedel’s phase shift sum rule [1],
_2y%
= ﬂ;m +1)3) (ke ), (1)

is widespreadly used in self-consistent studieslettron-screened impurity
ions in quantum electron gases (see, e. g., [2vd]raferences therein). In (1),
Ze is the surplus charge of the static point-like iatmersed into a three-
dimensional gas of screening electrons with thenkFevave numberk. , and

J (k) denotes the phase shift suffered by the electrpaitial wave with

orbital momentuml . The rule rests on the fact that as a consequehtee
electron time delay in elastic scattering off tipherically symmetric potential
of the ion there is induced electron density oritp@s hole around the defect
depending on the sign of its charge.

It has been concluded by Seeger and Stehle thaia faylindrically
symmetric scattering potential associated with argbd core of a straight
dislocation line in a metal the analog of the Feledum rule (1) looks as
follows [5,6]:
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Here and elsewhere, tzeaxis of the cylindrical coordinate fram@,¢,z) runs
along the dislocation lineQ is the charge accumulated by unit length of the

electrically active dislocation core, the composenit the electron wave vector
perpendicular and parallel to the dislocation lare denoted byk;and k,,
respectively, andy,(ky)is the phase shift of the-th cylindrical partial wave
(n=0,£1%2,..).

In the present contribution, our main objectivédsexamine the structure
of the sum rule (2) within the framework of the sfiorder Born (Bl)
approximation. We also demonstrate how the obtaBiedule can be utilized in
a self-consistent study of the screening lengthraipgy around an acceptor-
type dislocation [7-9] in a degenerately dopetype semiconductor.

Let us begin our analysis by noting that due tcalagymmetry of the
dislocation scattering potential=U(p), the wave function of the conduction

band electronW¥ =W(p,¢,2), can be presented in factorized form [10]

W(p.$.2)=¢(2) Y Ry(p)e"

in which (z) =€e**describes a free motion along the dislocation kmel
R,(p) satisfies the radial Schroedinger equation

d? 1d 2_n_2_ —
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In the far-field regionp - «, the radial functiom,(o)is described by
asymptotic expression [10]

1 nromw
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where the scattering phase shifts have to fuliél sum rule (2).
So long adU(p) can be treated as a weak perturbation [9] for kbetr@nic

motion, one can expand thg into multiple-scattering Born [4, 10] series,
o= D IR =042+
N=1
where the phase shift in the B1 approximationvegiby [10]
Izmoo
n(ke) = =72 [dopu (13 (ko ©)
)

m denotes the effective mass of the scattered efectmnd J, (x)is the Bessel

function. By substituting Eqg. (3) into Eqg. (2), ocen see that at the level of the
B1 description the sum rule for the scattering phatsfts obtains the following
preliminary form:

de, " [doru (0)] 3 (co)] 4)
0

22¢



From now on, our attention will be focused exclegivon the case of a
negatively charged (acceptor type) edge dislocatimwmsing an upward band
bending in a degenerately dopedype material with free electron concen-
tration n=kg /37°. In such a case the linear cha@ecan be presented as [7-9]
:ie, (5)

Cc

where ¢ is the atomic-scale distance between the acceptuires along the
dislocation line, f is the statistical filling factor of these centrélsing Eq. (5)

and the summation formula [11]

i I =1,

n=-—co
we may now reorganize the sum rule (4) into a carnpdimentional form,
f_2m
— = s 6
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in which the radial (Jost-Pais) integral
I = [donu (o) 7
0

is supposed to be convergent [12], and the valuth@fcharacteristic filling
factor is controlled by the Fermi gas concentratig= cke ~cn®>.

For purposes of qualitative discussion, the forn{@lacan be rewritten as
an order-of-magnitude relation

f_ma’

[
wherea is the influence range (screening length) of theodation scattering
field characterized by its Coulomb energy scélg, This relation shows in it's
own physically transparent way that in weakly iat#ing electron-dislocation
systems [9] the screening lengths obliged to display a linear dependence on
the Planck’s constang=a(#) 07 .

Our next objective is to show in more detail how gum rule (6) can be
utilized for describing the fundamentals of selfisistent dislocation line
screening from the standpoint of the Friedel-adpestt procedure. For this
purpose we perform a one-parameter model potej2id] calculation where
the perturbing potentialu(p) is constructed according to the following
scenario:

Uy,

U(p) =UoS(p!a), 8)
_2eQ _ 2fé?
Vo= " ®)

In this model, the energy scal&, has the familiar structure [7-9k is the

dielectric constant of the host medium, and $fenction is some screening
function [2-4] decaying sufficiently fast in therffield region 1<< p/a - .

The screening lengthresiding in (8) acts as an open parameter [2-4].
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By substituting the interaction (8) into (7) andtraducing a new
integration variable via=ua, one arrives at the following radial integral,

fe?

| = Z—azjduuS(u).
&C °
By placing thisl into the sum rule (6), one concludes that the catisistently

determineda obeys the relation

2 00
i = ﬁa_J.duuS(u) s (10)
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in which the length scale, = 7%/ me? is recognized as the electronic Bohr

radius.

As can be seen from Eqg. (10), the value of thedetiadjusted screening
length is sensitive to the shape of ®éunction. To clarify this point, let us
choose the screening function either in the smyatdtying form [7-9],

S(p!a)=Ko(p! a)
or in the cut-off form,
S(p/a):{z’ plas<i,
0, pla>1,
where Kq(x) is a zero-order modified Bessel function. In bo#ses the
corresponding screening integrals have the sanue val

TduuKO(u) = 2J1. duu =1,
0 0

and Eg. (10) delivers for the screening lersthe fundamental structure of the
Thomas — Fermi theory [7-9],
a=(rmag | 4f,)Y? = (mag | 4ke )%= e .
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Lhgpunnpywé nhuinjughuyh hundwp $phyth gnudwpdwi
Juinuh duuht

dphnth gnudwpdwi juintup (hgpuynpjwsd phuinjughuyh hwdwp htnwgnun-
Ynud b pupunwdubiph pyubinught mbunipjut Anptih wnwghtt Uninunpnipjut hhdwb
Ypw: n-nhyh wjjuubpjws Jhuwhwnnpnsnid puguwuwlut thgp Ypnn Eqpuyhti nhuin-
Jughuwyh Eypwbwynpdwb punhpp ghunwpyynd £ dphnbih huphwhwdwdwjubgdut
pupwgulungh wkuwilyniihg:

JI. b. OBakumsin, wien-koppecnonaeHT HAH PA I'. T'. MareBocsiH,
I'. b. Hepcucsn, K. A. Caprcsin

O npaBuie cymm @pujeist U1 3apsKeHHOH THCIOKAMH

[paBuiio cymm ®puzens A 31EKTPUUECKH aKTUBHOM JHUCIOKAllMU B KpHCTaLIe
HCCIIeyeTCs Ha OCHOBE IEpPBOro OOPHOBCKOTO NPHONMKEHUS KBAaHTOBOW TEOPUH
CTOJIKHOBEHHUI. DKpaHUPOBAaHHE OTPHLATEIbHO 3apsHKEHHOH KpaeBOW IUCIIOKAIlMH B
BBIDOKJICHHOM  IOJYNPOBOJHMKE N-TUNA  aHANM3HpyeTcs C TOYKH  3pEHHUs
(bpuIeneBCKo MpoLeIypbl CAMOCOTIIACOBAHHUSL.
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