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A new technical solution to the problem of increasing the resolution of X-ray
diffraction methods has been proposed and implemented, based on linearly
enlarging the X-ray topographic patterns. For implementation of the suggested
method, a novel device has been developed, created and tested that makes it
possible to scan synchronously the slit for transmitting separate parts of the
X-ray diffraction pattern and the X-ray film with a predetermined speed ratio.
The possibility of significantly increasing the resolution of X-ray diffraction
patterns with the suggested new scanning method has been experimentally
proven. It was shown that if individual parts of the diffracted beam are passed
successively through a narrow slit, which is synchronously scanned along with
the X-ray detecting film, we obtain an enlargement in topographic patterns. A
proposed scheme for enlarging the image in parts and a description and the
operating principle of the scanning device are also presented. The relationship
between the ratio of the speeds of the slit and the X-ray film movement and the
parameters of the scanning device and the sample (slit width, total thickness of
thin crystals, thickness of a thick crystal etc.) was revealed. The speeds of the
reciprocating motion of the slit and the X-ray film were calculated. It has been
experimentally proven that the scanning process does not introduce new
information into the interference pattern but only enlarges it, since these
patterns in sectional topograms differ only in size in the scattering plane.

1. Introduction

X-ray diffraction has been used for many years to study
imperfections in the structure of crystals. For this purpose,
several methods have been developed, based on the fact that
small angular deviations or differences in the lattice para-
meters of crystalline plates are revealed as a fine structure of
diffraction spots. We will not consider all these methods, since
they do not provide a direct image of the dislocation structure.
We will highlight only those methods that make it possible to
obtain images of individual dislocations.

To date, various ‘direct’ observation methods of dislocations
have been developed and successfully applied. The following
can be noted from the most common methods:

(1) Methods based on the use of a reflected beam, for
example, the Newkirk method (Newkirk, 1959), which is a
modified Berg-Barrett method (Newkirk, 1958).

(2) Methods based on the use of a transmitted beam, where
most of the structural details are obtained using the technique
proposed by Lang (1959).

(3) Double-crystal goniometer methods, where a particu-
larly accurate and sensitive method was developed by Bonse
& Kappler (1958).
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(4) An anomalous transmission method developed by
Bormann et al. (1958). Here the crystal is chosen to be
thick enough that the normal absorption is high. If the
beam falls at the exact angle of Bragg reflection, then the
energy flow is directed along the atomic planes, and the
anomalous passage of standing waves is observed along these
planes.

(5) A combination of Bormann and Lang methods, which
was used by Barth & Hosemann (1958) and Authier (1960).

There are also several methods based on X-ray diffraction
in different crystalline systems, for example in double-crystal
and triple-crystal interferometers (Authier et al., 1968; Bezir-
ganyan & Drmeyan, 1985; Chen et al., 2003; Lider, 2021;
Drmeyan, 2022). Particularly, the review paper by Lider
(2021) describes different X-ray diffraction topography
methods for studying various structural defects in crystalline
materials. However, X-ray diffraction methods, widely used in
identifying structural imperfections in crystalline materials,
sometimes have limited capabilities due to their insufficient
resolution.

Resolution is determined, on the one hand, by the width of
the dislocation image and, on the other hand, by the resolution
of the photographic emulsion. Since the X-ray methods
discussed above in practice do not provide image enlargement
(zooming), on the photographic plate the dislocation distri-
bution in the sample is recorded at its natural size, which
requires high resolution of the emulsion.

The question of enlarging the image of structural imper-
fections in crystalline materials, at first glance, seems impos-
sible in connection with the fact that the refractive index of
X-rays differs slightly from unity (X-rays are refracted
slightly). Because of this, methods for enlarging X-ray
diffraction patterns were not developed until recently, and
X-ray optical magnifiers (lenses) did not exist.

Previously (Mkhitaryan et al., 2024), we proved theoreti-
cally and experimentally that X-ray topographic patterns can
be enlarged by passing an X-ray beam containing information
about micro defects in the structure (dislocations) of the single
crystal under study through an ideal thick (us > 1, where p is
the linear absorption coefficient and 7 is the crystal thickness)
crystal located in the reflection position. However, the
magnification in such systems does not exceed two orders. The
enlargement achievable using this method is actually deter-
mined by the ratio of the thicknesses of the thick perfect single
crystal and the sample under study. Substantial enlargement
cannot be achieved in this way due to the inevitable absorp-
tion of X-rays in a thick crystal. Consequently, the study of the
problem of increasing the resolution of X-ray diffraction
methods is relevant for condensed matter physics and mate-
rials science.

We propose a new method for enlarging X-ray topographic
patterns, which can be achieved by passing separate parts of a
diffracted beam successively through a narrow slit, that is, by
increasing the magnification of the image in parts. In this work,
we also present a scheme for enlarging the image in parts, as
well as a description and the principle of operation of the
scanning device.

2. Theoretical reasoning

X-ray topographic methods for direct observation of defects in
crystals use dynamic X-ray diffraction. It is known (Authier,
2001) that during X-ray diffraction in crystals, a strong angular
expansion of the beam occurs. This angular enlargement of
beams can be used to produce linear enlargement of X-ray
patterns, which makes it possible to increase the resolution of
X-ray diffraction patterns.

An analytical calculation of wave propagation in crystals
during dynamic X-ray diffraction is given by Authier (2001). It
is shown that during X-ray diffraction in crystals a strong
angular increase in the beam is observed. This increase is
expressed by the formula

M = dn/de = Kcos6/Rcos e, (1)

where de is the angle of convergence of the incident beam in
the crystal, dn is the angle of divergence of the beam, 6 is the
Bragg angle, R is the radius of the dispersion surface and K is
the wavenumber (K = 1/3).

It follows from (1) that the crystal is a powerful magnifier,
and for Mo Ko radiation and silicon reflection 220, M has a
value of about 10°. Indeed, if a beam containing an X-ray
topographic pattern obtained from a thin sample under study
is passed through a thick perfect crystal located in the
reflection position, then a linear enlargement in the topo-
graphic pattern occurs (Fig. 1).

As can be seen from Fig. 1, the linear enlargement is small:
the interference pattern is limited within the triangle SA;B;
and the width of the image is no more than the base A;B; of
this triangle. The increase is determined by the ratio
AB/(A,B,) or d/dn, where d, is the total thickness of thin
crystals and d; is the thickness of the thick crystal, and it can be
increased by decreasing A, B,. The latter can be achieved by
successively passing separate parts of the diffracted beam
through a narrow slit, i.e. enlarging the image part by part.

If the diffraction pattern is enlarged in parts—that is, its
separate parts are passed through a narrow slit, as shown in
Fig. 2—then we obtain additional enlargement. The system of
thin single crystals shown in Fig. 2 is a three-block triple Laue
(L-L-L) interferometer, with which we obtain a moiré pattern.
A narrow beam of X-rays, passing through a collimator with a
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Figure 1

Scheme for enlarging X-ray diffraction patterns, where 1 is the crystal
under study, 2 is a thick perfect crystal, 3 is a screen to delay the trans-
mitted beam and 4 is an X-ray plate.
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diaphragm, falls on the interferometer. Beams 1 and 2 at the
output of the three-crystal system, which contribute to the
moiré pattern, fall on a thick perfect single crystal 3, which is
in the reflection position, and beams that do not participate in
the formation of the moiré pattern are delayed by screens 4
and 5. During the experiments, X-ray patterns were obtained
on X-ray plates 6 and 8. For clarity, Fig. 2 shows only the path
of rays in a thick crystal for beam 1 (beam 2 is delayed by
screen 7). The dashed lines after the slit show the path of rays
in a thick perfect crystal in the absence of a slit.

A diffracted X-ray beam that contributes to the moiré
pattern is passed in parts sequentially along the width of a
narrow scanning slit installed between a system of thin single
crystals and a thick single crystal, and is recorded on the X-ray
film, which is located behind the thick perfect single crystal.
The X-ray film is scanned synchronously with the slit by a
speed ratio consistent with the system parameters
Vs/V: = dn/d;, where Vi and V, are the speeds of movement
of the slit and the X-ray film, respectively.

Thus, when the slit is scanned, it gradually transmits the
individual parts of the beam diffracted in the first crystal (or in
a system of thin crystals), which, passing through a thick
perfect single crystal in the direction of reflection, undergo an
angular enlargement.

If the scanning speeds are chosen so that their ratio satisfies
the condition

V.V, =5/S,, (2

where S is the base of the Bormann triangle (segment A,B; in
Fig. 1) and S is the width of the slit, i.e. the width of the beam
incident on a thick ideal single crystal, then on the X-ray film
we will obtain an enlarged image of the topogram or various
patterns of dynamic effects.

The proposed method and device make it possible to
synchronously scan the slit and the film with predetermined
(calculated) speed ratios and, as a result, have enlarged
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Figure 2

A scheme for a setup that allows us to enlarge the X-ray diffraction
pattern in parts, where 1 and 2 are transmitted and diffracted beams at the
output of the three-crystal system, 3 is a thick perfect single crystal
located in the reflection position, 4, 5 and 7 are delay screens, and 6 and 8
are X-ray plates.

(expanded) images of individual parts of the A,B, beam on
the X-ray film that are linked to each other.

Such a system provides a significant magnification in the
diffraction pattern, i.e. it allows us to significantly increase the
resolution of X-ray diffraction methods. The proposed method
makes it possible to increase the resolution by at least another
additional order, ie. the suggested new method makes it
possible to ultimately enlarge X-ray diffraction patterns by
three orders.

3. Description of the scanning device and experiment

The scanning device for obtaining high-resolution X-ray
diffraction patterns is presented in Fig. 3(a). It consists of a
goniometric head 1 [an axonometric picture is separately
presented in Fig. 3(b)] which can be adjusted in two mutually
perpendicular directions using micro screws 2 and 3. A table
14 is attached to the head 1, on which the test sample 4 is
placed.
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Figure 3

(a) Schematic representation of the scanning device. (b) Axonometric
picture of the goniometric head with monolithic three-block L-L-L X-ray
interferometer: goniometric head (1), aligning micro screws (2) and (3),
X-ray monolithic three-block interferometer (4), and table (14).
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In Fig. 3, the studied sample of the diffraction system is a
three-block L-L-L interferometer consisting of three thin
blocks equidistant from each other and an additional fourth
thick block (enlarger). Lever 5, which can freely rotate around
the vertical axis 6, is set in motion (rotation around an axis in
the horizontal plane) using an eccentric (cam) 7 mounted on a
vertical axis 8, to the other end of which a pulley 9 is mounted.
To rotate pulley 9, we use the electric motor of the scanning
device of the Lang Raman diffraction chamber for X-ray
structural analysis, on which the described device is placed
during the entire X-ray experiment. Using a belt drive, the
rotation of the pulley mounted on the axis of the electric
motor is transmitted to the pulley 9. During the rotation,
pulley 9 rotates eccentric 7, which in its turn creates uniform
movement of lever 5. Piston pushers 10, rigidly connected to
pistons 11, touch the lever. At the other ends of the pistons,
devices for placing a cassette with photographic film 12 and a
screen with a narrow vertical slot 13 are rigidly attached. The
piston—pusher systems are brought to the zero-position rela-
tive to the lever using screws 15, corresponding to the case
when the pushers are in contact with the lever. The location of
these systems is selected from condition (2), and the speeds V;
and V are easily calculated using the distances of the points of
contact of the piston pushers 10 on lever 5, calculated from the
axis of rotation of the lever 6. During the reciprocating
movement of the lever (the lever approaches the same
eccentric focus, around which the eccentric itself rotates), for
the piston to return back and remain pressed against the lever
all the time, springs 16 are placed above the pistons. The
pistons move inside the cylinder with guide pins 17, which with
holders 18 are rigidly attached to the base 19. The entire
system is designed so that it can be adapted to a Lang Raman
type diffraction chamber, with which the sample is adjusted to
a precise Bragg angle relative to the incident primary beam.

All experiments were performed on a Lang A-3 type
chamber (produced by Japanese company Rigaku Denky)
with usage of unpolarized Mo Ky radiation. During the
experiments, X-ray quanta with energies from 6.5 to 11.5 keV
were used.

The alignments of thin and thick crystals are carried out
during the sample preparation process. The equality of the
distance between the blocks was measured by optical instru-
ments with an accuracy of 1um, and the alignment was
achieved by grinding the sample blocks with fine diamond
powder with a grain diameter of 3 pum. After subsequent
mechanical polishing, the manufacturing process ends with
chemical etching/chemical polishing, after which we obtained
a system with very precisely manufactured and aligned crys-
tals. Chemical etching completely removes the damaged upper
layer of the crystal blocks, and therefore the stress in the
crystal blocks that arises during grinding. In general, the
requirements for the manufacturing accuracy of the studied
system were taken into account and were quite acceptable in
the context of their practical implementation and creation of
the studied samples. This issue is discussed in more detail in
the article by Mkhitaryan et al. (2024). In addition, the
manufactured crystal system (sample) was monolithic, and all

crystalline blocks were rigidly connected to a common thick
base and were in a vertical position; hence the occurrence of
stress in the crystals was excluded. During the experiments,
the obtained ideal geometry of the sample was not disturbed.

Fig. 4(a) shows the moiré pattern formed by a three-crystal
system (Fig. 2). The image was obtained on X-ray film 6,
placed between the third and fourth blocks. Fig. 4(b) shows
the same pattern recorded on X-ray film 8 after the enlarge-
ment (after passing through the fourth block), without scan-
ning the slit and with a stationary X-ray film (Fig. 2).

Fig. 4(c) shows the same pattern recorded on X-ray film 8
when it is scanned synchronously with the slit according to the
speed ratio specified in (2). As can be seen from Fig. 4(b),
when beams contributing to moiré patterns pass through a
thick crystal located in the reflection position, these patterns
are zoomed in. As can be seen from Fig. 4(c), the enlargement
effect is much stronger in the presence of a scanning slit.

Thus, the scheme shown in Fig. 2 actually represents an
X-ray magnifier. Similarly, it is possible to obtain an enlarge-
ment in interference patterns obtained from different types of
interferometers and also to increase the resolution of X-ray
topographic methods.

This effect can be used in such areas of physical research as
X-ray diffraction of micro defects, X-ray spectroscopy, X-ray
interferometry and precision X-ray diffraction analysis, as well
as for studying the fine structure of interference patterns.

The optimal exposure time in our experiments was selected
to be approximately 12-14 h. When this time was exceeded to
increase the contrast of the pattern in Fig. 4(c) obtained from
position 8 with scanning (Fig. 2), the contrast of the pattern
obtained from position 8 without scanning worsened in the
case of simultaneous recording at two films in positions 6 and 8
(Fig. 2). In addition, an excessive increase in the exposure time
could lead to distortions of the interference patterns at all
positions due to possible additional temperature gradients,
sample drifts relative to the incident beam and other side
effects. With the same exposure time, the pattern contrast at

Enlargement Direction

(b) |T|

Figure 4

Moiré patterns: (a) formed in an X-ray three-crystal system; (b) enlarged
without scanning the slit and X-ray film; (c) enlarged during the
synchronous scanning of the slit and X-ray film.
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position 8 [Fig. 2 and Fig. 4(¢)] turned out to be lower than that
at position 6. The contrast of the pattern in Fig. 4(c¢) could be
improved by scanning the slit and the film more slowly, but the
scanning device we propose was driven by the electric motor
of the scanning device of the Lang A-3 chamber, which has a
standard scanning speed of 20 mm h™".

4. Results, discussion and conclusion

It may seem that the interference patterns observed after the
enlarger (an ideal thick crystal) did not exist before it and
were formed in it, that is, the last crystal does not play the role
of an enlarger but participates in the process of formation of
these patterns.

The fact that the last thick crystal (magnifier) only increases
the linear dimensions of the diffraction pattern and does not
introduce any additional information into the interference
pattern can be seen from the following theoretical consid-
erations (reasonings) and experimental facts:

(1) The enlarger crystal is thick and ideal and has a large
absorption coefficient. Therefore, the wavefield completely
disappears, and no Pendellosung occurs in it. Consequently,
the distribution of the field inside the crystal, which has a
period equal to the interplanar distance of the reflecting
planes, is not preserved outside the crystal (von Laue, 1960).

(2) Furthermore, since the magnifying crystal is perfect, and
no images of defects are observed in its topogram, it follows
that the magnifying crystal does not change the nature of the
intensity distribution in the beam passing through it. As a
result, it reduces the overall intensity of a diffracted beam
without changing the interference pattern, but increases its
linear dimensions in the scattering plane. Experiments have
also shown that the interference pattern is not created by the
thick block crystal, since if one of the thin blocks of the
interferometer is removed, the interference pattern observed
after the thick block crystal disappears.

(3) Comparing the sectional moiré patterns shown in Figs.
4(a) and 4(b), it is easy to see that they differ in size only in the
scattering plane, i.e. the thick crystal only plays the role of a
linear enlarger.

Comparing the sectional moiré patterns shown in Figs. 4(b)
and 4(c), obtained without and with synchronous scanning of
the slit and X-ray film, we can state that the scanning process
does not introduce new information into the interference
pattern, but only enlarges its linear dimensions in the scat-
tering plane.

The proposed device makes it possible to synchronously
scan the slit and X-ray film with the predetermined speed ratio.

Experimental results show that, with the help of the
proposed scanning method, it is possible to increase the linear
dimensions of X-ray diffraction patterns by at least three orders.

The experimental setup that we have proposed only enables
enlargement of X-ray diffraction patterns in one direction.
Moreover, combining two identical setups does not make it
possible to achieve enlargement in two perpendicular direc-
tions simultaneously, since it is impossible to simultaneously
scan the slit and the X-ray film in two mutually perpendicular

directions. However, in our earlier work (Drmeyan et al.,
2023), we proposed a scanning method that allows sequen-
tially scanning the slit and the film, first in the horizontal and
then in the vertical directions.

During the creation of the diffraction system under study,
the required accuracy of thicknesses and equalities of inter-
block distances of the system crystalline blocks and their
alignment (ideal geometry) were ensured, and due to
mechanical collimation and the Bormann effect, the required
collimation of the beams was ensured too. Therefore, the
requirements for the accuracy of the system to conduct reli-
able experiments were fully fulfilled.

Acknowledgements

The authors thank the Institute of IAPP NAS RA for
providing the needed facilities and conditions to make this
work complete. All authors participated equally in this work.
This work was not funded by any special source and was done
within the general budgetary financing of the IAPP NAS RA
under the Institute’s work program for 2020-2025. All authors
have read and approved the manuscript and there are no
ethical issues involved.

Conflict of interest

The authors declare that they have no known competing
financial or other interests or personal relationships that could
have appeared to influence the work reported in this paper.

Data availability

Research data are available upon reasonable request to the
first and corresponding authors.

References

Authier, A. (1960). J. Phys. Radium, 21, 655-659.

Authier, A. (2001). Dynamical theory of X-ray diffraction. Oxford
University Press.

Authier, A., Milne, A. D. & Sauvage, M. (1968). Phys. Status Solidi B,
26, 469-484.

Barth, H. & Hosemann, R. (1958). Z. Naturforsch. A, 13, 792-794.

Bezirganyan, P. Kh. & Drmeyan, Kh. R. (1985). Phys. Status Solidi A,
91, 379-384.

Bonse, U. & Kappler, E. (1958). Z. Naturforsch. A, 13, 348-349.

Bormann, G., Hartwig, W. & Irmler, H. (1958). Z. Naturforsch. A, 13,
423-424.

Chen, W. M., McNally, P. J., Shvyd’ko, Y. V., Tuomi, T., Danilewsky, A.
N. & Lerche, M. (2003). J. Cryst. Growth, 252, 113-119.

Drmeyan, H. R. (2022). J. Surf. Investig. 16, 647-652.

Drmeyan, H. R., Mkhitaryan, S. A. & Mnatsakanyan, A. R. (2023).
Nucl. Instrum. Methods Phys. Res. A, 1056, 168681.

Lang, A. R. (1959). Acta Cryst. 12, 249-250.

Laue, M. von (1960). Rontgenstrahl-Interferenzen, 3 Aufl. Akade-
mische Verlagsgesellschaft.

Lider, V. V. (2021). Phys. Solid State, 63, 189-214.

Mkhitaryan, S. A., Margaryan, H. G., Vasilyan, M. S. & Drmeyan, H.
R. (2024). J. Instrum. 19, C04012.

Newkirk, J. B. (1958). Phys. Rev. 110, 1465-1466.

Newkirk, J. B. (1959). Trans. Met. Soc. AIME, 215, 483-497. https://
garfield.library.upenn.edu/classics1983/A1983RT92200001.pdf.

J. Appl. Cryst. (2025). 58

H. R. Drmeyan et al. -

50f5

Increasing the resolution of X-ray diffraction methods


https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB4
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB5
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB5
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB6
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB10
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB10
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB11
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB13
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB14
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB14
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB15
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=te5141&bbid=BB16
https://garfield.library.upenn.edu/classics1983/A1983RT92200001.pdf

	Abstract
	1. Introduction
	2. Theoretical reasoning
	3. Description of the scanning device and experiment
	4. Results, discussion and conclusion
	Acknowledgements
	Conflict of interest
	Data availability
	References

