11. R‘EAL AND IDEAL CRYSTALS

Extinction in resl crystals is understood s
the violation of the kinematic relation

0= N-Irf v/ ®Qsinzey) = v (2)

between the integrated reflecting power and
crystal volume. This can occure in two weys:

A - proportionality between and V is con-
served, but with & different’ constant q < Q;
this effect, being independent of the total
crystal volume, is fo be atributed to interfe-
rence of coherent waves scattered by neighbou-
ring atoms

B - gradual saturation of (2) staris above
some value V_, being caused by multiple refled-
tions on equally oriented crystallites as a
congsequence of the statistical nature of the
mosaic structure a sufficiently long beam path
in the crystsl is necessary to provide appre-
ciable probability of this effect; the small
neutron coherence length (~3 nm) in usual
experiments implies the incoherent nature of
this process.

Based on this argumentation the following im-
provement of the exisiing extinction theory

is proposed: The primary extinction should be
identified with the A mechanism and described
by a mean value of the reflectivity P(0) given
by eq. (7). The conventional treaiment (Becker
and Coppens, Acta Cryst. A30(1974)129) besed
on the intensity-coupling equations with accor-
dingly modified coefficients should be used
for secondary extinction (B) only, where its
use seems fully justified from the physical
point of view.

11.7-14 X~-RAY DIFFRACTION IN MULTILAYER CRY-

STALS (MLC). By A.V.Kolpakov, Department of
Physics,Moscow State University, Moscow, USSR.

In the report are discussed possibilities of
MLC-investigations by X-ray diffraction andof-
fered a critical analysis of the appropriaste
theoretical and experimental results. The re-
levant MLC-structures are: heteroepitaxial
films, heterojunctions, superlattices, ion im-
planted surface layers and so on. All men-
tioned objects have onedimensional layerlake
structure due to smooth or stepwise varying
lattice parameter. The ground problem is how
to get to know the MLC-structure withoyt dest-
rolng it. The MLC are usually from 10 A up to

10° A thick. Such MLC can be investigated in
this thickness range only through X-ray dif-
fraction. The analytical solutions of the dif-
fraction problem in kinematical and dynamical
approximations were obtaind up to day for some
ground MLC-models only: for a crystal with &
constant deformation gradient (Chukhovskii F.
N, Metallofizika, 1981, No 3, 5; Khapachev Yu.
P., Kolpakov A.V. et al., Vestn. MU, ser. No 3,
1980, 21, No 5, 57); superlattices (Kolpakov
A.V., KRapachev Yu.P. Kristallografija, 1973,
18, No 3, 474); step functions (Petrashen™P.V.
Flzika tverdogo tela, 1975, 17, No 9, 2814;
Kolpakov A.V.,, Belyaev Yu.N. Dep. v VINITI,

No 3334-81, Dep. (%)). On the basis of the an-
alytical solution of the direct problem X-ray
diffraction in a steplike crystal the reconst-
ruction methods of such crystal structure
are developed (Afanasev A.M. et al. phys. stat
solidi (a), 1977, 42, 415; Belyaev Yu. N.,Kol-
pakov A.V. ibid., 1883, 76, 641 (xx)).

We treat with a formulatlon of the inverse
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problem of the MLC-structure reconstruction
within the framework above mentioned MLC-mo -
dels. It is shown, that the inverse problenm

of the MLC-structure reconstruction has a uni-
gue solution. We believe, that the earlier in
(%, =x) developed characteristic matrix me -
thod makes it possible to optimize the number
of fitting parameters and to reduce the
diffractional problem to the soclution of some
recurrence equations for amplitude reflection

RY and transmission T9 coefficients (ARC and
ATC, correspondingly). Accordingly to (xx)
the recurrence formulae are given by

g _ g9 g
Rn = Rl + R

g+~9 -~ p79
- 1T T (1 R Rn

1)

+9
n

. h

g8 - p7 9
T T 1(1 R Rn 1)

where Rg and Tg are ARC and ATC for the first

layer and Rg_l, Tg-l for remaining n - 1 lay-
ers in total. The coefficients Rg_l and Tg 1

are determined in the same way and so on. In
the particular case R; = r and Ty =t (i=1,

...,n) the recurrence formulae give ARC and
ATC for dynamical diffraction in a superlattice

In conclusion we give some concrete examples
of the semiconductor thin films structure re-~
construction on the symmetrical Bragg diffra-
ction data basis. Treating this as an inverse
problem of the X-ray diffraction, we have de-
termined the film thickness, lattice parame-
ter distortion and components concentration

from the entrance surface deep into the film.
We discuss the internal stress influence too.

11.7-15 THE RECONSTRUCTION OF THE MULTILAY-
ER CRYSTAL (MLC) STRUCTURE FROM X-RAY DATA AS
AN INVERSE PROBLEM (IP). By A.V. Goncharskii
and A.V.Kolpakov, Department of Physics,
Moscow State University, Moscow, USSR.

The X-ray diffraction direct problems (DP)
have been analytically treated for some simple
models, which describe onedimensional lattice
constant variations in such important from
practical point of view objects as heteroepi-
taxial thin films, heterojunctions, superlat-
tices and ion implanted surface layers ( see

e.g.: Chukhovskii F.N. Metallofizika, 1981, 3,
No 5, 3 (x);Kolpakov A.V. et al. Kristallogra-
fija, 1977, 22, 437; Khapachev Yu.P. et al.
ibid., 1979,24, 430; Afanasev AM. et al. phys.
stat.sol. (&), 1977, 42, 415; Belyasev Yu.N.,
Kolpakov A.v. ibid., 1983, 76, 641).

We report about formulatlon IP of the reconst-
ruction MLC-structure from X-ray diffraction
data. This formulation is beased on the DP¥ =
Az solution ( 2 - MLC-characteristics, # -
- input information parameters). The theoreti-

cal spectrum¥T(@) ( . scattering angle) is
a convolution integral of the DP solution (U)
and the apparatus functionK({(¥-€') . which

a priori known or may be defined from IP—solu-
tion. We take as an example the symmetrical
Bragg diffraction in a crystal plate, which
has a finite thickness. The crystal lattice
has a linear onedimensional lattice constant
variation. Further we make use of the recent-
ly received analytical solution this problem
(Kolpakov A.V., Punegov V.I., to be publlshed)
We introduce and analyse the randgm valueA{)
The dimensionality of the vector o equals of
the MLC-parameters number (i.e. thickness T ,
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chahge in the intgfplanar spacings ad/d ,d(¥)
and so on). The A(R) is distributed to Fisher.
The A(W) is defined by the expression:

a/MNe 2
@ S A 2 R

M
whereiﬁ=zérdg-a full number of measurements,

A
¢ - parameters C valus, that minimizes

e a2
the quadratic form S(C)i;’?:(gk‘cf(ama» .

4
for any 19& : Nx - number of measurémén;s,
§i - result of the j-th measurement,%kG'z -
- dispersion of measurements error, G,z - un-
known parameter, %K - an unknown true value

of measurement, whigh can be good estimate by
kY X i -1 T
the mean value Ex=§£—4§a<' Ny , ? (’U,'U‘d))— is

-
a theoretical value for the fixed vector (L .
We analise the confidens set D , whose ele-
ments are vectors (. , for which take place

inequality A(EKFH%,R-H,& (& - the given

confidence level). The problem of the confi-
dence intervals construction can be solved by
the simple sorting of the vectors ( values
near Qmin , which minimizesaA{f). For a small
number of the model parameters the problem is
stable. When the number is large, it is nece-
ssary to make use of the regularizating algo-
rithms (Tikhonov A.N. et al. Regulariziruju -
shtchije algoritmy i apriornaja informatsija.
Moscow, Nauka PH, 1983, p.195).

11.7-16 EFFECTS OF WEAKLY EXCITED REFLECTIONS ON THE
TWO-BEAM CASE OF DYNAMICAL X-RAY DIFFRACTION. By H. K.
Wagenfeld, Royal Melbourne Inst. of Technology, Melbourne,
Australia, and H. J. Juretschke, Polytechnic Inst. of New
York, New York, USA.

Bethe{1928, Ann. Phys.,Lpz. 87,55) formulated the dynamic~-
al theory of electron diffraction for a two-beam case and
included weakly excited additional reflections by adding
perturbation terms in the potential. A systematic
extension of this method to x-rays,including coupling of
the two polarizations (Juretschke, 1984, Acta Cryst., to
be published) can be used to predict changes in two-beam
properties caused by additional reflections, for Laue and
Bragg cases. Hart and Lang (1961, Phys. Rev. Lett. 7,120)
showed that Pendellosung fringe spacings are changed to

an Aufhellung by the excitation of extra reflections. This
change in spacing follows directly from the changes in
effective structure factor and in the absorption coeffi-
cient of the standard two-beam interaction predicted by
the theory for this four-beam case.

REAL AND IDEAL CRYSTALS

11.7-17 X-RAY STANDING WAVE MEASUREMENTS OF NONCEN-
TROSYMMETRIC STRUCTURES) By M. Bedzyk and G. Materlik,
Hamburger Synchrotronstrahlungslabor HASYLAB, Hamburg,
Germany.

When diffracting an x-ray plane wave from a single cry-
stal, the diffracted and incident traveling plane waves
interfere to form a standing wave~field. As is known,
the phase of this interference pattern relative to the
diffraction planes is a function of the Bragg reflection
angle.

For a noncentrosymmetric Bragg reflection from a III-V
single crystal, the position of the diffraction plamnes
relative to the atomic lattice depends on the x-ray
scattering factors £(#) of the two different atomic
species. Due to anomalous dispersion, this diffraction
plane position is in turn dependent on the x-ray energy.
As an example,with respect to the corresponding centro-
symmetric pogition, the (111) noncentrosymmetric diffrac~
tion planes are shifted in the [J1[] direction by an
amount: 1
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where f=fo+f'+if". (f' and f" are the anomalous disper-—
sion corrections.) In an x-ray standing wave measure-—
ment the position, of either one of these two atoms, re-
lative to the diffraction planes can be determined and
used to calculate the nmoncentrosymmetric shift A(H). By
using the energy tunability of the x-ray standing wave
instrument installed at the Hamburger Synchrotron Radia—
tion Laboratory, it was possible to measure the energy
dependence of A(111) in the vicinity of the respective

K absorption edges for a GaAs(1Il) single crystal.

11.7-18 POLARIZATION-MIXING OF X~RAYS (QUAN-
TUM THEORY OF INTERFERENCE OF WHITE X-RAYS).By

T.Ohkawa and H.Hashimoto*), The Institute of
Vocational Training,Sagamihara city,Xanagawa,
Japan,*) Department of Applied Physics, Osaka
University, Suita, Osaka, Japan.

X-ray polarization effect has been a vexing
problem which has recently been given serious
interest, however conventional theoretical
predictions have failed to explaine the origin
of the rotation of polarization direction. In
order to sutdy the mechanism of the polariza-
tion of x-rays in crystal, relativistic quan-
tum field theory is applied to the process of
x-ray diffraction. Two photon state is theo-
retically investigated for analysing the me-
chanism of the polarization-mixing. This
theoretical method is also applicable to dis-
cuss the resonative interference of white x-
rays of proximate energy. The Feynman's
graphical method is employed to expand the 2nd
order perturebation, in which inner photon-
line of quantum theoretical concept is intro-
duced which is assumed to have analogical
meaning to Ewald's "Winnen Welle" that
traveles in the crystal field with radiation-
less dipolewave. The conventional structure
factor has been expanded with static elec-
tron's distribution, however to discuss the
interference phenomena taking place in atomic
field, dynamic nature of electron's behaviour
is necessary to incorporate, so that disper-
sion relation of diffracted x-rays similar to
Laue's dynamical theory is shown by use of
scattering S-matrix. Dynamical structure
factor is defined on the base of Dirac's
matrix.



