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During the last years the synchrotron radiation (SR) generated by orbit-
ing electrons in accelerators or storage rings is widely used in X-ray in-
vestigations, due to high photon flux densiti, spectrum continuity and
almost total polarization of the radiation ; 4

These characteristics of SR stimulated the works on studying the fine
structure of absorption edges (EXAFS), X-ray anomalous scattering, Compton
and small-angle scattering, topography, etc. ,

Besides , there is ¢ great interest in the qiffractometrical investiqga-
tions using SR, in particular, the investigation on determination of the
integral reflection coefficients and structural factors of the "forbidden"
and "quasi-forbidden" reflections, which contain the important information
about electron behaviour in solids, lattice dynamics and ordering processes.

The necessity in such kind of investigations is caused by the fact that
the exact detérmination of the (222) structure factors for the crystal
with diamond lattice is essential part of the analysis of the electron spa-
tial distributions, and its deviation from the spherical symmetry due to
the chemical bonds (see, e.g.[;-sl). On the otner hand , as soon as the ex-

tinction depth for (222) reflection is two orders of magnitude hiaher than

that for the (111) reflection, the measurement of the R(222) in large wave-




length range aives a chance to create a new method for determination of
the defects distribution in the crystal.

This work represents the results of the measurement of spectral depen-
dence of the "forbidden" reflex (222) integral coefficient iaae( A) for
perfect monocrystals Si and Ge in the wavg]ength range 0.56 A+ 1.62 K
using SR beam of the Yerevan accelerator

Tne perfect monocrystals of Si and Ge with dislocation density less
than 10 cﬁz were investigated. The reflecting surface of the samples was
para11e1‘to the ceystallographical planes (111). The broken layer arising
during the surface processing was taken away by standard means.

A schematical representation of the experimental facility as well as
its basic elements and beam axis mutual disposition are shown in Fig.l.
The SR beam formed by two collimators K, and Ka located respectively at
17.6 m and 25.2 m from the point of the beam generation and had the
transverse dimensions 2 x 1 mm2 . The beam divergency was 3.8 '10% and
2.4 ldh, respectively in the horizontal and vertical planes. The measure-
ment was performed by a two-crystal spectrometer in the antiparallel po-
sition. Although the rocking curve in this case was essentially broader
than that in the parallel disposition of crystals, the spectral band of
diffracted beam was considerably narrower , which is very important in
SR research. Iﬁ accordance wjth the graphical interpretation of the two-
crystal spectrometer theory 7] for symmetric reflection, in the case of
usage of SR, the relation between the measured value of intensities Uaaa

3533 and the intearal reﬂe[gi:ion coefficients Rzea H R533 is de-

termined by the formula (see 14
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where 69M is the incidence angle of the SR beam for the monochromator-
crystal, ééea and 69355 are the angles of the second crystal (the sample)
relative to the direction of the monochromatic beam.

The intensity of the diffracted beam was measured by a NaJ(T1) scintil-
lator which had the best resolution in the given wavelenath range : . This
scintillator was connected to PM-85 which is known as conventional detector
BDS-1 of the DRON-2 diffractometer.

The exclusion of the errors in Jeaa and Jsas measurements arising
due to the presence of harmonics (see Fig.2a diagram) of the monochromatic
SR beam was done by a one-channel analyzer. The width of the channel and
discrimination threshold was determined using (222) reflection.

The reduction of the harmonics intensity up to the background level is
shown in Fig.2b.

The multiple scattering contribution (the Renninger effect ) to the
measured intensity jeaa was avoided by correspondina choice of the crys-
tal rotation anale around the axis normal to the reflecting surface, at
which the multiple reflection peaks were absent. The small vertical diver-
gency of the SR beam caused rather small width of the multinle scattering
peaks , which allowed to choose the working point at the distance not less
than 10 mean nalfwidths from the nearest peaks. Approximating the multiple
scattering peaks shape by the Gauss curve one may affirm that the contribu
tion of these peaks tails to the measured intensity does not exceed 0.02%.
A typical Renninger diagram obtained by rotating the crystal in the azimu-
thal plane around the scattering vector corresponding to reflection k222),
is plotted in Fig.3 (Si, A =0.56 & ).

Using the SR beams of the electron accelerators the most essential 1i-

mitation of the measurement accuracy is the fluctuation of the particies




current value. In this case the number of the pulses detected as Jo22
:)_,,35 and 'Jgug,b was related to the number of the electrons accelerated
by the synchrotron. The measurement of the number of accelerated electrons
was done by a special detector #

To exclude errors arising from the nonlinearity of the scintillation
cou}lting characteristics at the 3335 measurements the 33:5 intensity
was reduced by aluminium plates to the level of the jeae value. For resto-
ration of the true , undistorted value of 3333 the absorption linear coeffi-
cients for Al in the wavelength range 0.56& + 1.558 were measured using
(222) reflection, which allowed to avoid errors due to the presence of
r/e and 7\/3 ha;monics in the monochromatized radiation. The absence of
7\‘/3 harmonic after reflecting from the second crystal is connected with
the fact that the corresponding wavelength and angle Qage do not satisfy
Bregg condition, and the intensity of the spectral component of ?\/a -
wavelength according to calculations even for the longwave edge (A =l.55§)
of the range is 65 times reduced with respect to the intensity of (222)
reflection for A . Moreover, the utilization of the one-channel analyzer
still reduces ~ 102 times the contribution of the harmonic component with

?\/2 wavelength. Following these measurements the dependence M O)AC
in the mentioned wavelength interval is described by the p(:wer function
with the exponent 2.865 + 0.014.

In Table I the measurement results for J § JG“CS‘ as well as

222
the restored by the measured values of ju (?\) AQ intensity of 3353
for S1 and Ge are given. The values of the QEaaO‘\) calcutated by (1) using
the experimental data in Table I and corresponding values of the F(E’QE)
obtained by iteyation over the dynamic theory formulae are presented in
Table II. The calculation of the integral reflection (333) coefficients with

account of the absorption was done using the formulae »f the dynamic the-

A

. [13, 14] l12, 15]

. The formfactors were taken from , the dispersion cor-

16 17
rections from and absorption coefficients of Si and Ge from[ ] In

these calculations the polarization properties of the SR beam were obtained
by the formulae

1

) n® K B! =08
Rice(N) = oy Ké“‘Rth(“)  Twe T Reant (n)

where ol
C 3 SNREE
R (M)

i

I
K= P (A)_ (@)

TNy

The values of the jf and 3.5' of SR for the given A and energy
of the accelerated electrons E  were determined_using the polarization
P(M E) calculated by foriulae evaluated in el

Taking into account the fact that the energy of the electrons varies
during an acceleration cycle the value of the polarization P(P\,E) was

determined by the formula

i v (5)
PEA) - Z_};(iz» s

where Qi is the ratio of the power radiated by electrons at .ne enerqy
Ei to the power radiated at E mq, = 4.5 GeV i

Using the value Fsi (222) = 1.433 wnich was obtained by averaging the
experimental data in Table Il the values of ﬁgea(;\) were calculated both
by dynamic and kinematic theories; the calculation results are oiven in

the corresponding columns of Table II. The values of the Rzaa(") calculat

by the both thcories and presented in Table IT notably differ on the short-




wave edge of the used interval. This difference reduces by increasing W
Such a behaviour is caused by the fact that the characteristic length of the
photoelectrical absorption at the long N decreases much more rapidly than
the extinction depth, and the scattering process becomes kinematical.

. The solid lines in Fig.4 present the ¢alculations of fi oot (@iafor S
using dynamic (a) and kinematic (b) theories for the value F 22)= 1.433.
The results of the ﬁeaa(n) calculation for Ge are presented by the corres-
ponding curve (c) ibidem. The experimentally determined values of this pa-
rameter are presentgd here by points, These results show that the experi-
mental values of ézeaaﬁh) are close to their absolute quantities calculated
by the dynamic theory, and at the same time their dependence on A re-
peats the shape of the curve calculated by the kinematic theory. This pheno-
menon may be explained by the fact that at A ~ 0.5 A the values of the
characteristic photoabsorption length, extinction depth and the mean size
of the coherent scattering region became close to each other, and the
structur imperfectiveness of the investigated samples c¢’splays in the
scattering process. It is not excluded that besides the dislocation fields
the point defects act an important role at small A

At the same time, assuming the dynamic theory validity when describing
the X-ray diffraction in the studied crystals, one may alternatively ex-
plain the obtained results consisting in the fact that the structure factor
(222) reflection is wavelength-dependent.

The spectral dependence of F(222) for Si obtained under this assumption
is shown in Fig.5. The earlier published values of F(222) (see \ é and
references therein) plotted here by crosses are in good agreement with the
results of this paper. The dependence of F(222) on A experimentally ob-
tained in this work contradicts the modern theoretical conceptions because

this reflection is due to the valence electrons, while the responsibility

e —

for the absorption (the wavelength-dependent corrections for the anomalous
scattering) lies almost on K-electrons only. However , it is known that
the spherically symmetrical part of the electron distribution of atom in
a crystal differs from that in free st te . , and there are no con-
vincing proofs that the spherically symmetrical part of the electron dis-
tribution is responsible for only the valence electrons. Moreover , the in-
vestigations of the "aluminium problem" have shown that for the agreement
of experimental and theoretical formfactors in this matefial one should
take into account the change of space d1str%§%tjo?1of inner electrons in
the crystal as compared with the free atom

To solve these problems the further experimental and theoretical investi-
gations are, of course, necessary. From the experimental point of view,
to expand the spectral interval the variety of the samples and studying
the other"forbidden"reflections are required. In such kind of experiments

the use of SR beams permits to simplify the solution of a number of prin-

ciple probiems, and allows to obtain interesting information unavailable

earlier.
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