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An approach to the study of the mosaic structure of single crystals (exemplified by fluorite) by the joint use of

x-ray diffractometry and topography is proposed. Using a numerical simulation technique for angular distribu-

tion of the diffuse background in the region of a Bragg peak and various models of microscopic defects, it is

established that the best-suited model for description of structural imperfections in individual mosaic blocks is

a model of random distribution of microscopic blocks in the crystal bulk. The size of mosaic blocks and their

misorientation and boundary type are studied.

Man-made and naturally occurring mineral compounds

mostly feature a mosaic structure composed of blocks of dif-

ferent size. The characteristic mosaic structure forms during

the course of crystal growth subjected to a variety of external

factors. Our goal in this study was to develop an effective ap-

proach to identification and investigation of the mosaicity of

crystals as exemplified by fluorite using a high-resolution

x-ray diffractometry and topography. Special attention was

given to the study of micromosaicity (mosaic blocks of small

size of the order of a few micrometers).

One of the techniques used to visualize imperfections in

crystals is x-ray topography [1, 2]. Its main advantage is

good resolution (~ 10 µm) in conjunction with a high pene-

trating power (~ 100 µm). X-ray topography was carried out

by the Schultz method using a polychromatic radiation [2]

and a Berg – Barrett (n1 , –n2 ) [1] double-crystal unit using

CuK�1-radiation. The crystal monochromator in this

double-crystal diffractometer was a near-perfect silicon wa-

fer. The high-resolution x-ray diffractometry is at present

widely used in microelectronics for studying structural char-

acteristics of materials [3]. In the present work, we used the

aforementioned experimental techniques and a statistical

theory of x-ray diffraction to study the mosaic structure of

artificial single crystals of fluorite. To prepare a smooth flat

surface, the single crystal under study was cleaved along the

(111) cleavage planes.

Polychromatic topography. X-ray topograms were

obtained and processed by a standard method [2]. The to-

pogram in Fig. 1a shows large-scale misoriented blocks.

From displacements of the images on the photographic plate,

the angle of the tilt boundary between neighboring mosaic

blocks was determined and was found to vary in the range

from 0.59 ± 0.02 to 1.56 ± 0.06 minutes of arc. The block

size as estimated from the topogram was in the range of

~ 0.01 to 0.1 mm along the X axis and 0.1 – 1 mm along the

Y axis. The block boundaries are oriented along the crystal-

growth direction. Going away from the center of crystalliza-

tion, the angular misorientation of neighboring blocks be-

comes increasingly larger.

Monochromatic topography. A Berg – Barrett double-

crystal topographic unit designed on the basis of a URS-2.0
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Fig. 1. X-ray topograms of fluorite measured by the Schultz

method (a) and the Berg – Barrett method (b).



diffractometer was used. The double-crystal topography is a

high-resolution technique capable of providing detailed in-

formation on the structure of individual mosaic blocks.

Polishing flaws, dislocation outcrops, and etch pits can be

distinguished in Fig. 1b. Some blocks, because of their

misorientation, fail to satisfy the Bragg condition. The image

contrast of individual blocks is rather inhomogeneous, which

may be attributed to the occurrence of statistically distributed

microscopic defects in them.

High-resolution x-ray diffractometry. The x-ray dif-

fractometric measurements were carried out by a standard

method using a DRON-2.0M double- and triple-crystal

diffractometer. The CuK�1-radiation was separated by means

of a triple-reflection monochromator.

To determine structural characteristics of individual

blocks, a numerical simulation of double- and triple-crystal

spectra (in a � – 2� scan mode) was performed using the sta-

tistical theory of diffraction [4 – 6]. The main parameters of

this theory are the Debye – Waller statistical factor E and the

correlation length �. In accordance with a model of the mo-

saic crystal [5], an arbitrarily chosen block is displaced with

respect to the perfect atomic lattice by a random distance.

Furthermore, the block is rotated through a random angle

with respect to a reference system of the reflection planes of

the perfect crystal.

The Debye – Waller factor characterizes the degree of

ideality of the crystal lattice as a whole. The numerical value

of this factor (0 < E � 1) depends on the root-mean-square

displacement of the blocks of a mosaic crystal, the block

misorientation, and the block size.

A model of “coulombic” defects (amorphous clusters

with long-range elastic-displacement fields, dislocation

loops of small radius, etc.) was described in [7, 8]. In certain

cases, the correlation function can be described by an expo-

nential function or a Gauss function.

A detailed methodology of the high-resolution x-ray

diffractometry was presented in [9]. The double-crystal x-ray

diffractometry (Fig. 2a ) made it possible to resolve large-

size blocks with misorientation angles (block-boundary

angles) on the order of a few minutes of arc. The triple-

crystal diffractometry, owing to the use of a third crystal, al-

lows resolution of a coherently and a diffusely scattered

radiation intensity. Thus, in a � – 2� scan mode, where the

diffraction reflection curve (DRC) builds up virtually com-

pletely owing to a coherently diffracted intensity, no plastic

strain was found to occur in an individual mosaic block

(Fig. 2b ). A comparison of double-crystal and triple-crystal

DRCs made it possible to single out the angular distribution

of diffusely scattered intensity.

Experimental data and a computed diffuse background

for a diffraction peak are shown in Fig. 3. The numerical

analysis was carried out within the framework of a statistical

dynamic theory of x-ray diffraction [4 – 6]. Defect models —

random mosaic structure [5], “coulombic-type” defects, and

defects with their correlation length approximated by a

Gauss function [7, 8] — were used. It is seen that defects of

the type “microscopic mosaic blocks” show the best fit with

the experimental points. The slight discrepancy with experi-

ment observed in the “tails” of the reflection curve may be

attributed to effects due to minor defects present at small

concentrations. Thus, the profile of diffusely scattered inten-

sity on the left shows better agreement with the

“coulombic”-defect model, possibly because of the occur-

rence of the closely located peak of another large-size block.
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Fig. 2. Double-crystal (a) and triple-crystal diffraction reflection

curves (b) measured in a � – 2� scan mode.
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Fig. 3. Angular distribution of the diffuse background in the region

of a diffraction peak: experiment (1); simulated curves for: a mosaic

crystal (2), a crystal with “coulombic” defects (3), and a defective

crystal with a Gauss-approximated correlation length (4 ).



Using a best-fit parameter method (mosaic-block size,

Debye – Waller factor, mosaic-block misorientation) for the

micromosaicity model, we obtained the following structural

parameters for single-crystal fluorite: root-mean-square devi-

ation of mosaic blocks from the exact Bragg location —

7.5 sec of arc; Debye – Waller factor — 0.77; average

mosaic-block size — 0.9 µm, which is below the resolution

limit of x-ray topography.

Thus, using various x-ray diffraction techniques and the

numeric simulation within the framework of a statistical dy-

namic theory of diffraction, one can obtain information about

large-size mosaic blocks on the order of 10 – 100 µm and

identify the predominant type of microscopic defects as well

as their size and concentration.
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