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Abstract—We investigated the specific features of two diffraction schemes for a widely divergent X-ray beam
that use a circular diaphragm 30—50 pm in diameter as a point source of characteristic radiation. In one of
the schemes, the diaphragm was set in front of the crystal (the diaphragm—crystal (d—c) scheme); in the
other, it was installed behind the crystal (the crystal—diaphragm (c—d) scheme). It was established that the
diffraction image in the c—d scheme is a topographic map of the investigated crystal area. In the d—c scheme
at L =2/ (/and L are the distances between the crystal and the diaphragm and between the photographic plate
and the diaphragm, respectively), the branches of hyperbolas formed in this family of planes (/4k/) by the char-
acteristic K, and Kj radiations, including higher order reflections, converge into one straight line. It is exper-
imentally demonstrated that this convergence is very sensitive to structural inhomogeneities in the crystal

under study.
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INTRODUCTION

The diffraction pattern formed by a widely diver-
gent beam (WDB) of characteristic X rays contains
much information on the specific features of the crys-
tal structure of an object under study, since many
Bragg reflections are simultaneously detected in this
case.

Currently, there are two methods of X-ray WDB
diffraction. In the Kossel method, a point X-ray
source is located on the surface of the investigated
object or under it; in the pseudo-Kossel method, the
point source is located above the surface of an object
studied [1—3]. These methods differ in how character-
istic radiation is excited, i.e., forming a point radiation
source.

In this study we used two somewhat different
schemes of WDB diffraction with a standard radiation
source, i.e., an X-ray tube with a linear focal spot [4, 5].

In one scheme an X-ray beam passes through a dia-
phragm in the form of a funnel aperture (30—50 pm in
diameter) in a tantalum plate and falls on a crystal
under study. The diaphragm, crystal, and photo-
graphic plate are placed in a small chamber rotating
around the diaphragm axis during exposure. It is only
diffracted radiation that falls on a photographic plate
mounted behind the crystal. The primary (nondif-
fracted) radiation is blocked by a trap, the position of
which with respect to the radiation source does not
change during chamber rotation [4]. In this configura-
tion, referred to as the diaphragm-—crystal (d—c)
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scheme (Fig. 1a), the diaphragm works as a point
source. When the diaphragm is installed close to the
object studied, in front of it or behind it, the scheme is
analogous to the Kossel scheme and the diffraction
image does not differ from classical Kossel pattern.

When the diaphragm is spaced by a distance of 2—
3 mm or more, the scheme is analogous to the WDB

(a)

Fig. 1. Schematic diagrams of the experiments in the (a)
diaphragm—crystal (d—c) and (b) crystal—diaphragm (c—d)
configurations: (7) X-ray tube, (4) anode, (LF) linear
focus, (C) chamber, (Cr) crystal, (D) diaphragm, (5) sta-
tionary shutter, (F) photographic plate, (N) permanent
magnet, and (H) diffracted radiation.
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schemes and the diffraction image is a pseudo-Kossel
pattern. Thus, a relatively simple scheme allows one to
obtain Kossel and pseudo-Kossel patterns of the same
sample.

In the other scheme, the crystal studied is exposed
to a divergent X-ray beam so as to satisfy the Bragg
condition at any point of the crystal area for several
sets of atomic planes simultaneously (multiwave dif-
fraction) (Fig. 1b) [5].

The diaphragm is placed at a distance of 2—5 mm
behind the crystal. Only the diffracted radiation trans-
mitted through the diaphragm falls on the photo-
graphic plate installed behind it. The primary, non-
diffracted radiation is trapped. Since the diffraction
angle is specified for a certain set of planes (4k/) and a
given characteristic radiation wavelength, the radia-
tion diffracted at certain points of the crystal can pass
through the diaphragm.

We will call these points active and the configura-
tion will be referred to as the crystal—diaphragm (c—d)
scheme. No analogs of the c—d scheme are known.

FEATURES OF THE c—d AND d—c SCHEMES

In the c—d scheme, the distribution of active points
on the crystal surface is determined by the following
requirement: the radiation diffracted at an active point
M(x,y,z,) of the crystal surface passes through the dia-
phragm. If the origin of the rectangular system of
coordinates is aligned with the diaphragm center and
the axis OZ coincides with the normal to the photo-
graphic plate (diaphragm axis), we have the following
relation for active points:

X, coso+ y, cosP+ z,cosy

[ 2 2.
=—Jx; +y; + 25 sin By,

where a, 3, and y are the angles between the [Ak]]
direction and the coordinate axes. This is the equation
for conical surfaces with axes coinciding with the [Akl]
directions and a vertex common for all sets of atomic
planes (hkl) and coinciding with the diaphragm cen-
ter. The cross sections of the conical surfaces by the
z; = [ plane (outer crystal face) form a set of hyperbo-
las:

x;(cos’ o —sin” 0) + 2x,y, coso.cos
+ ylz(coszB—'sin2 0) + 2x,/cosacosy Q8
+ 2ylcosy+ 12((:052 Y- sin’ 0) =0.

Thus, active points are distributed over hyperbolas in
the c—d scheme.

The conical surfaces extend infinitely to both sides
from the vertex and intersect with the z = —L plane,
where the photographic plate is located. The diffrac-
tion image formed on the latter is a set of conical cross
sections, i.e., hyperbolas, determined as
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x*(cos’ o —sin’ 0) + 2xy cos ocosf

+ yz(cos2 B- sin’ 0) + 2Lxcosocosy

(la)
+2LycosPcosy+ L (cos’ y—sin’y) = 0.

Since hyperbolas (1) and (1a) are similar (the angular
coefficients of asymptotes are the same), the distribu-
tions of active points on the crystal surface and the dif-
fraction maximum on the photographic plate are
unambiguously consistent; i.e., each active point
M, (x,,y,) onthe crystal surface corresponds to a single
point M(x, y) in the diffraction image. In other words,
the diffraction image formed in this scheme is a mag-
nified image, or a topographic map, of the distribution
of active points with a magnification factor K= L/I.

In the d—c scheme, the crystal is exposed to a diver-
gent X-ray beam passing from the diaphragm, which
acts as a point source placed behind the crystal. The
distribution of active points on the crystal surface is
determined by the following condition: the angle @,
between the incident beam, passing through the dia-
phragm and point M(x,, y,) (vector K;), and the nor-
mal to the (hkl) plane (vector H) is ;t/2 + 6. Conse-
quently, if the investigated crystal in the form of a thin
plate is installed in the z = —/ plane, the distribution of
active points on the crystal surface is determined by
Eq. (1).

The radiation diffracted at the M,(x,, y,, ;) point
falls onto the photographic plate. The diffraction of
distribution peaks on the photographic plate must sat-
isfy, along with (1), the following condition: the
angle @ between the diffracted beam passing through
the M (x;, y,, z;) point on the crystal surface and the
M(x, y, z) point on the photographic plate (vector K)

and vector His® =2 9. Ifthe photographic plate is

located in the z = —L plane, the equation for the dis-
tribution of diffraction maxima has the form

(x —x)*(cos” oL —sin’ ) + 2(x — x,) (y — y))

x cosocosP+ (y — y,)’(cos’ B- sin” 0)

2
+ (x—x)(L=/)cosacosy+2(y —y)(L -1 )

x cosPpcosy+ (L —1)*(cos’y—sin’0) = 0.

Taking into account, along with (1) and (2), the com-
planarity of vectors K, K, and H (i.e., K[K,H] = 0),
we obtain

(! —y,L)ycosa+ (Lx, — Ix)cosP

_ (3)
+ (xy; —x,y)cosy=0.

Thus, in the d—c scheme, as in any scheme with a
point source located at a distance z; = —/ above the
crystal (z; # 0), the distribution of diffraction maxima
on photographic plate, mounted at the distance
z = —L, is determined by Egs. (1)—(3). In the general
case, the equation specifying the distribution of dif-
fraction maxima is of the fourth order [1]. Conse-
Vol. 60

No.2 2015



SPECIFIC FEATURES OF TWO DIFFRACTION SCHEMES

187

Fig. 2. Diffraction image of LiF crystal obtained within the (a) c—d and (b) d—c schemes.

quently, in the d—c scheme, the diffraction image can-
not be similar to the distribution of active points on the
crystal surface. Let us consider a simple case where a
crystal is oriented so as to satisfy the condition cosa =
*1 for the set of (£k0) planes. At this orientation, the
distribution of active points on the crystal surface is
given by

x; /> tan* @ — y /1> =1. 4)

The distribution of diffraction maxima is determined
as

X /(L=2)tan*0—y*/L* =1. (3)

Hyperbolas (4) and (5) are not similar because the
angular coefficients of asymptotes are different: y, =
x,cotd and y = Lxcot6/(L — 2/); in the second case,
the asymptote angular coefficient depends also on dis-
tances L and /. Comparing (4) and (5), one can make
sure that the magnification of the diffraction image
(the ratio of the coordinates of two hyperbolas) in the
real-axis direction (in this case, the OX axis is the nor-
mal to the plane) differs from that in the imaginary-
axis direction (OY axis); i.e., we have k, = x/x; =
(2z) —2)/z= (21— L)/land k; = y/y, = z/z, = L/l for
the real and imaginary axes, respectively.

As the OX axis, we can choose the normal to any of
the (hk0) planes belonging to the OZ zone. Conse-
quently, the hyperbolas of the crystal diffraction image
that are formed by the characteristic X-ray WDB
according to the d—c scheme are not similar to the
hyperbolas of active points on the crystal surface, like
in any scheme with a point source placed in front of
the crystal. This means that the diffraction image in
the d—c scheme is not a topographic map of the
crystal.

Let us consider a very important difference
between the c¢c—d and d—c schemes. In the former
scheme, any point of the crystal region under study is
exposed to X rays in wide angular ranges; therefore,
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the diffraction is multiwave at all points. The radiation
diffracted from a certain plane (4k/) is strictly directed.
Therefore, when one of the diffracted waves coming
from an active point passes through the diaphragm,
the other wave coming from the same point cannot
pass through it. We may state that the diffraction
image is formed by only one diffracted wave in the c—d
scheme; i.e., each point of the diffraction image
receives information from only one corresponding
active point. In other words, the diffraction does not
exhibit a multiwave character.

Hence, the diffraction image is a topographic map
of the active points on the crystal surface in the c—d
scheme.

In the d—c scheme, multiwave diffraction mani-
fests itself in the fact that all diffracted waves, without
restriction, reach the photographic plate. In this case
the waves diffracted from different active points of the
crystal reach a given point in the diffraction image;
i.e., the information is superimposed. Therefore, the
diffraction image is not a topographic map of the
investigated crystal in this case.

EXPERIMENTAL

Figure 2a shows the diffraction image of a LiF crys-
tal, formed by characteristic MoK, and MoK radia-
tions using the c—d scheme. The intense lines (hyper-
bolas) are formed by K, radiation and the less intense
ones are formed by K radiation. The white circle at
the center is the shadow of a roller containing the
primary (nondiffracted) beam trap. The crystal
(0.5-mm-thick plate) has a round aperture 0.8 mm in
diameter. The larger crystal face, i.e., the (001) plane,
is oriented parallel to the photographic plate. The
crystal is installed so as to make the aperture image in
Fig. 2a be at the intersection point of the hyperbolas

formed by the (200), (020), and (220) reflections
(the aperture center is close to the [220] site). In the
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Fig. 3. Diffraction image of KCI crystal obtained within the (a) c—d and (b) d—c schemes at distances L = 2/.

diffraction pattern, one can clearly see the aperture
image in the form of a white circle. It can also be seen

that the (200), (020), and (220) hyperbolas are bro-
ken at the boundary of the circle image. This means
that, in the c—d scheme, the circle area in the image

contains a signal from only the vicinity of the [220]
site, which is limited by the aperture size; signals from
the other areas do not arrive at this image point.

Thus, we may state that in the c—d scheme there is
an unambiguous correspondence between the distri-
bution of active points on the crystal surface and the
distribution of the diffraction maximum in the image.

Figure 2b presents a diffraction image of the same
LiF crystal, obtained within the d—c scheme. The rel-
ative positions of the crystal aperture and diaphragm
are retained. It can be seen that no clear aperture
image is formed in the diffraction pattern. The aper-
ture manifests itself in three different regions in the

diffraction pattern. The (200), (220), and (020)
hyperbolas are broken, respectively, at the boundaries

of regions 7 (the vicinity of the [220] reflection in the

pattern), 2 (the vicinity of the [[220]] reflection), and
3 (the vicinity of the [[220]] reflection).

Thus, in the d—c scheme, at given positions of the
diaphragm and crystal aperture, the radiation dif-
fracted from the region in the crystal bulk containing
the aperture passes to the three different regions in the
diffraction image and, vice versa, many parts of the
diffraction image receive information from different
crystal parts. This means that information is superim-
posed in the d—c scheme.

Of special interest is the case L = 2/, where the real
axis of hyperbolas is a = (L — 2/)cot® = 0. In this case,
the magnification of the diffraction image in the
direction of the real axis (OX) is zero, and the hyper-
bola is transformed into a straight line x = 0, which
coincides with the OY axis. Thus, along with the two
branches of each hyperbolas formed in this (#k0)
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plane by the characteristic K, and K|, radiations of
all orders, the hyperbolas formed by the K radiation
also converge into one line. The diffraction image of
the KCI crystal obtained within the ¢—d scheme is
shown in Fig. 3a.

Figure 3b presents a diffraction image of the same
crystal formed within the d—c scheme at distances L =
2[. One can see that, for some reflections (line 7 in
Fig. 3b), along with the two branches of each of the

hyperbolas formed by the characteristic K, and K,
radiations of all orders ((020), (020), (040), (040),

(060), and (030)), the hyperbolas formed by the Kj
radiation also converge into one line.

This convergence is observed not for all reflections.
Obviously, the complete convergence of the hyperbola
branches is possible for crystals of sufficiently high
quality, under the condition L = 2/. In real crystals,
local structural imperfections lead to a situation where
different branches of the same hyperbola are differ-
ently distorted; as a result one cannot expect the
hyperbola branches to converge.

Thus, we can state that the diffraction image
obtained under the condition L = 2/ can be used to
study the structural inhomogeneities of relatively large
crystal plates. The efficiency of this technique should
be clarified in future detailed investigations.
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