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The explicit analytical expression for the static Krivoglaz—Debye—Waller
factor is derived in the case of spherical amorphous clusters or new-phase
particles. The simple approximate formulas are obtained in limiting cases of
both small static distortions and large ones around the defects.

BuseneHo ABHUI aHaNITUUYHUN BUpPas AJA cTaTudHOro haxTopa Kpupormasa—
Hebaa—Bannepa y BuUIagKky cheprnyHUX aMOpPHUX KJIacTepiB abo UaCTUHOK
HOBOI (hasu. Omep:kaHO MPOCTi HAOIMIKEHI (QOPMYJIM B TPAHUYHUX BUIIAIKAX
CcJIa0KUX i CHIIBHUX CTATUYHUX CIIOTBOPEHb HABKOJIO UX Ae(eKTiB.

BriBeneHno sBHOe aHAJIUTHUUYECKOE BBIPpAYKEHUE IJIA CTAaTHUUECKOro daxTopa
Kpusorsasa—[lebasa—Bannepa B ciayuae chepuuecKUX aMOPMHBIX KJIACTEPOB
WY YacTHUIl HOBOM (asbl. IToayueHbI mpocThie TpubIMKeHHbIe GOPMYJIbI B
MpeAeJbHBIX CAyUYadX CJIa0bIX U CUJIBHBIX CTATUYECKUX WCKAKEHUU BOKPYT
9TUX 1e()EKTOB.
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The non-destructive X-ray diffraction methods are widely used to de-
termine characteristics of structural defects and strains in the as-
grown and modified crystals, multilayer systems, etc.[1]. Efficiency of
application of these methods is determined to large extent by the avail-
ability of the correct analytical expressions connecting basic diffrac-
tion parameters with defect characteristics. One of such most im-
portant parameters, used in both kinematical and dynamical X-ray dif-
fraction theories[2, 3], is the static Krivoglaz—Debye—Waller factor.
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The exponent of static Krivoglaz—Debye—Waller factor for random-
ly distributed defects is described by the following expression [2]:

L, = cz [1 - cos(Hu,,)] [1 + %) zvijdr{l — cos[Hu(r)]} {1 + %} Y]

where H is the reciprocal lattice vector, ¢ is the defect concentration,
u(r) is the static displacement of a crystal matrix atom due to a defect
at distance r, @(r) is a corresponding change of the matrix structure
factor, f, and v, is the unit cell volume.

For spherical amorphous clusters or new-phase particles with radius
R,, the field of static atom displacements in Eq. (1) can be written in
the approximation of elastically isotropic continuum as follows [2]:

Acr

ur)=—2=—,r<R,
( ) Rg r 0 (2)
u(r) = A,—,r >R,
r
where the notations were used as follow:
1 1A
A, =T|e|R:, T=_"" >, (3)

, €= —
3(1-v) 30,

with v being the Poisson ratio, and ¢ is the strain at cluster interface.
The corresponding change of the matrix structure factor for amor-
phous clusters or new phase particles with the structure different from
that of matrix can be written as follows:

{(p(l’) = _f’ r< R(),

¢o(r)=0,r>R,. (4)

Then, one can derive from Eqgs. (1) to (4) after performing the integra-
tion in spherical coordinates (cf. [2]):

n
L, = 3enyn® [ x~°[x = sin(x”)Jdx, (5)
0
with notations used:
JH A, AnR]
n:—R| |=,/F|e|HR0, n":—3vo' (6)
0 c

Parameter n can be considered as a measure for the strength of stat-
ic distortions around the defect. Indeed, according to Krivoglaz [2],
the distortions are supposed to be small or large when corresponding
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conditions are fulfilled:
[Hu(R,)| =n* <<lorn® >>1, (7)

respectively.
The integral (5) can be taken easily by parts:
Ly _ m’[-5+2cos(n*)] +[3 — 41*]sin(n*) + 8n°C(n)

8
3cnyn’® 157’ ()

n

where C(n) = J-cos(x2 )dx is Fresnel cosine. If distortions are small, i.e.,
0

atn?<<1, we can put C(n) = 1, and with precision up to terms quadrat-

icinn it follows from Eq. (8):
Ly 5 = 0.525m. 9)
cngn

In an opposite case of large distortions, n>>>1, the relation
C(Mm) — 0.63 holds, and it follows approximately from Eq. (8):

L
=1, (10)
cngn

Thus, for spherical amorphous clusters or new-phase particles with
a structure different from the matrix structure, the following asymp-
totic expressions are valid:

L

H

(11)

n

0.525cn,n*, n << 1,
engn’, n>> 1.

As far as the transition between asymptotic dependences (11) at strict
calculations according to Eq. (8) occurs in the narrow range 1<n<3
(see Fig. 1), the simplified formula with continuous dependence of Ly
on 1 can be used for practical purposes:

L

H

n

0.525¢n,n*, N <1.9,
{ ol > M 12)

enn’, n>1.9.

It should be remarked that, in the argument range pointed above, the
deviation of approximated formula (12) from the calculation using ex-
act formula (8) does not exceed 15% , whereas outside this range it is
smaller than 4% .

The additional contribution to the value of Ly calculated above aris-
es in the case when the structure of a new phase particle coincides with
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Fig. 1. Exact and approximated dependencies of the normalized exponent of
static Krivoglaz—Debye—Waller factor L, /(cn3n0) on M (thick and thin solid
lines, respectively). The contribution from coherent new phase particles at
Af/f=0.5is shown by dashed line.

that of the matrix and differs only by a value of structure factor, i.e. by
Af. Then, the integration in Eq. (1) with account for the change in
Eq. (4), i.e. o(r) = Af at r < R, gives the additional term in formulas (8)
and (12):

AL, = eny[1 -2 sin(m?)] (1 + ATfj (13)

The behaviour of this contribution at the constant value Af/f=0.5 is
shown in Fig. 1 separately by a dashed line and, as can be seen, is im-
portant only at small values of < 3.
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