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A concept of X-ray topography for polycrystal line materials has been proposed. In this method 
X-rays scattered from a specimen produce the image. Various techniques for this kind of topo-
graphy are described and their characteristic features are pointed out; some of these techniques 
offer the possibility to make tomographic observations. 

The new topographic method has been applied to the observation of commercially used alu-
minium sheet and of wood (cedar). The discussion is extended to mechanisms of the image forma-
tion and the perspective fields of application. 

1. Introduction 

A new k i n d of X - r a y t o p o g r a p h y has been devised 
to observe polycrystal l ine, amorphous or biological 
materials [1,2]. In this m e t h o d X - r a y s scattered 
from a polycrysta l produce a topographical image. 
W e call this Po lycrysta l Scatter ing T o p o g r a p h y 
(PST). P S T enables, in principle, to m a k e tomo-
graphic observations. T a k i n g a d v a n t a g e of this 
funct ion w e h a v e extended the basic principle t o 
X - r a y t o m o g r a p h y , part icular ly to medical diag-
nosis or biological studies [3]. This m e t h o d is n a m e d 
Scattering T o m o g r a p h y (ST). Independent of us, 
Born and Schwarzbauer [4, 5] h a v e also contributed 
to the development of t h e concept of P S T . T h e y 
have devised t w o techniques of P S T using a Soller 
slit or a d iaphragm to observe e.g. t e x t u r e s of alu-
minium coins; they call their technique t e x t u r e 
topography. 

The a im of the present paper is t o compare the 
characteristic features of our P S T , our S T a n d 
Born's original one, and to discuss the perspect ive 
fields of application. Selected examples of P S T ob-
servations are also described in order t o demon-
strate the feasibil i ty of the n e w imaging methods. 
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Fina l ly we propose an equipment of P S T w i t h syn-
chrotron radiation. 

2. Principle and Apparatus 

2.1. Principle 

T h e basic principle of P S T consists in m a p p i n g 
the X - r a y intensity scattered elastically or inelas-
t ica l ly from a specimen. W e choose the most proper 
k i n d of X - r a y s to observe the spatial distribution 
of a physical q u a n t i t y such as crystal structure, 
fluorescence (absorption edge), Compton scattering, 
texture , crystall ite size or internal stress. T a k i n g 
the texture observation in metal plates for e x a m p l e , 
Debye-Scherrer diffracted X - r a y s are found t o be 
most suitable for it. W h e n observing material-
distribution, we m a y take advantage of the fluores-
cent X - r a y s from the specimen. 

I n order to obtain significant images of polycrys-
talline specimens, collimators (Soller slits or crystal 
collimators) and specimen scanning mechanisms are 
employed for guaranteeing one to one geometrical 
correspondence between the specimen and the image 
on the X - r a y emulsion film or cathode r a y tube . 
Several techniques fulfilling this condition w h i c h 
h a v e been proposed b y the present authors and 
B o r n and SchAvarzbauer are compared w i t h the 
other modified techniques in the next section. 
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Fig. 1. Schematic principle of the cross Soller slit method. 
S X : extended source of X-rays, SP: specimen, SS: Soller 
slit, F : emulsion film, OSC: oscillating direction. 

2.2. Apparatus 
(a) C r o s s S o l l e r S l i t M e t h o d 

Figure 1 shows a schematic principle of this tech-
nique in the reflection case [1]. The geometry is 
characterized by two Soller slits rotated b y 90° with 
respect to each other, and an oscillating mechanism 
along a direction between the normals of the two 
Soller slit planes as indicated in Figure 1. The oscil-
lation is performed to eliminate the shadows of the 
slit materials. A technique for making a Soller slit 
with high parallelism of the order of 10~3 rad. is 
briefly described in the section (d). With such Soller 
slits we attain the resolution of 0.2—0.3 mm. One 
of the advantages of this system is simplicity of the 
equipment; we need no mechanism for scanning the 
specimen. 

(b) D i a p h r a g m M e t h o d [4] ( B o r n ' s M e t h o d ) 

The whole geometry of the diaphragm technique 
b y Born and Schwarzbauer [4] is shown schemat-
ically in Figure 2. In this geometry a diaphragm 
D P and the place of a point X - r a y source are ar-
ranged on the reflection circle. Therefore the spatial 
resolution is determined mainly b y the sizes of the 
diaphragm and the point source of X-rays . Arrange-
ment of the diaphragm at the focus of the reflected X -
rays also gives a serious influence on the resolution. 
I f we employ a diaphragm with a diameter of 0.1 mm 
and an apparent point source of X-rays of the same 
order in size (real focus size of 0.1 m m x 1 mm, 
take-off angle of 6°), we attain a resolution of 0.1 mm 
provided that the geometrical arrangement of the 
experimental set-up is performed within a precise-
ness of 0.1 mm. 

A remarkable difference of this geometry in rela-
tion to the first P S T set-up (Fig. 1) is the inverse 

I 
Fig. 2. Schematic principle of the diaphragm method [5]. 
D P : diaphragm, S X : point source of X-rays. Arrows with 
solid line and broken line indicate two-dimensional oppo-
sit scanning of the specimen SP and the emulsion film F. 

position of image and object, whereas the cross 
Soller slit arrangement gives normal projection of 
the specimen. The merit of this technique is the 
geometrical simplicity; if we can tolerate a smaller 
field of vision (say, 3 mm x 3 mm in size), the P S T 
image can be obtained without a scanning mech-
anism of the specimen. However, when we enlarge 
the area of imaging, the specimen and the film have 
to be scanned parallel to each other but in opposite 
directions both in the plane of diffraction and per-
pendicular to it. The two-dimensional opposite scan-
ning of the specimen and the emulsion film needs 
a somewhat complicated mechanism. This is one of 
the difficulties involved in the diaphragm technique. 

(c) P a r a l l e l S o l a r S l i t M e t h o d 

A modified method of the diaphragm technique 
is shown schematically in Figure 3; the geometrical 
characteristic is the use of an extended source of 
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Fig. 3. Schematic principle of the parallel Soller slit method. 
OSC: oscillation of the Soller slits SS, S: slit, S X : line 
source of X-rays. 
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X-rays and of two Soller slits placed along incident 
and scattered beams, respectively. The system needs 
no scanning mechanism of the specimen parallel to 
the direction of the extended source of X-rays. Like 
the diaphragm method, the parallel Soller slit meth-
od is suitable for surface topography of polycrys-
tals. It is possible to attain a resolution of the same 
order as t h a t of the diaphragm technique. 

(d) S o l l e r S l i t O s c i l l a t i n g M e t h o d 

Figure 4 (a) shows a schematic principle of this 
technique in the transmission case. This system 
consists of a horizontal scanning mechanism for the 
specimen and emulsion film, a vertical oscillating 
mechanism for a Soller slit (SS) and two stationary 
slits S i , S2. The Soller slit with parallelism of 9 X 
10~3 rad. can be made of steel razor blades (each 
size; 43 mm X 21 mm x 0.1 mm). The vertical oscil-
lation is performed to smear out the shadows of the 
slit materials. When using Debye-Scherrer diffrac-
tion from polycrystalline metals and a normal X - r a y 
tube operated at 40 kV/20 mA, and allowing as a 
tolerable exposure time several ten of hours, a spa-
tial resolution of the order of 0.1 mm can be easily 
attained b y properly adjusting the slits Si and S2. 
This system provides two main advantages: it en-
ables us to make three-dimensional observations, 
and the whole view of the P S T image is produced 
with the same reflection condition. A reflection vec-
tor can be defined in one frame of the P S T image. 
Therefore this method is particularly suitable for 
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Fig. 4. Schematic principle of the Soller slit oscillating 
method. S X : point source of X-rays, Si and S2: slits, BS: 
beam stopper, C: collimator of the incident beam, SS: 
Soller slit, oscillating perpendicularly to the plane of the 
figure. The specimen SP and the film F are scamied simul-
taneously (SCAN). 
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Fig. 5. Schematic principle of crystal collimator-slit com-
bination method. C: crystal collimator, e.g. silicon, 220 
reflection. SCAN: simultaneous scan of SP and F. 

a study of texture distribution because almost all 
textured materials reflect X - r a y s in a limited azi-
muthal angular range on a Debye-Scherrer ring. 

(e) C r y t a l C o l l i m a t o r - s l i t C o m b i n a t i o n 
M e t h o d 

The Soller slit in the P S T method described in 
the section (d) can be replaced b y a crystal col-
limator, as shown in Figure 5. A dislocation-free 
crystal such as a silicon single crystal has to be 
used. Although the required exposure time becomes 
three to five times longer compared to the Soller 
slit oscillating method, this system has the peerless 
merit of a high resolution and high image contrast. 
The other characteristics of this technique are sim-
ilar to those of the Soller slit oscillating method. 
Accordingly this method can be used for the precise 
observation of textured materials with a strong X -
ray source such as a rotating anode. 

(f) X - Y S c a n n i n g M e t h o d 

The P S T methods described in the sections (a) 
to (e) have, more or less, the serious disadvantage 
of long exposure t ime; several hours to several ten 
hours under X - r a y condition 40 kV/20 m A (a nor-
mal sealed-off X - r a y tube) are required depending 
on the wanted resolution and the diffraction geom-
etry. I n order to eliminate this demerit we adopt an 
electronic imaging procedure and a two-dimensional 
scanning mechanism of the specimen synchronized 
with the electron scanning in a cathode ray tube 
(CRT). The whole system in the transmission case 
is schematically shown in Figure 6. A pencil beam 
of X - r a y s enters the specimen. X-rays scattered 
from one point go through a cone-shaped slit to 
a detector D. The cone slit normally consists of two 
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Fig. 6. Schematic principle of the X - Y scanning method. 
D : detector, LA: linear amplifier, P H : pulse height ana-
lyser, CRT: cathode ray tube, X Y : two-dimensional 
scanning mechanism, C: collimating slit of the incident 
pencil beam, S X : point source of X-rays. 

circular slits. A deformed cone slit can also be used 
when observing anisotropic materials such as heav-
ily deformed metals, wood or other biological ma-
terials. The detector D, linear amplifier L A and 
pulse-height analyser P H modulate the beam inten-
sity in the C R T . The exposure time for this system 
is typically 10 to 30 min under X - r a y condition 
40 kV/20 mA. Although the spatial resolution de-
pends on the preciseness of the arrangement, we 
have easily obtained a resolution better than 
0.1 mm. 

The system can be modified to a multi-color tele-
vision system b y employing a solid state detector, 
multi-channel analyser and multi-color C R T [6]. 
Since this system enables us to make tomographic 
observations, we call this scattering tomography 
when the tomographic function should be empha-
sized, particularly in the field of medical diagnosis 
[3]. 

(g) P S T E q u i p m e n t w i t h S y n c h r o t r o n 
R a d i a t i o n 

This method adopts a two-dimensional crystal 
collimating system, as schematically shown in 
Figure 7. X-rays diffracted along a particular azi-
muthal angular range from a specimen are resolved 
spatially by crystal collimators Mi and M2 made 
of perfect silicon or germanium crystals. The rota-
tion axis of the collimator Mi is placed parallel to 
the polarization direction of the synchrotron radia-
tion. The reflection b y the second crystal M2 is per-

Fig. 7. Schematic principle of the PST equipment with 
synchrotron radiation. S X : synchrotron radiation, C: 
double-crystal monochromator made of a crystal block. 
Mi and M2: two-dimensional collimators (with asymmetric 
reflections, producing an enlarged image) for the X-rays 
scattered from the specimen SP. F : film emulsion or posi-
tion sensitive proportional counter. BS: beam stop. 

pendicular to that of the first crystal M i . The two 
collimators ensure a fixed geometrical correspon-
dence between the specimen and the image on the 
emulsion film. Momochromatized X-rays are essen-
tial as incident beam, because a wrhite incident beam 
w ould produce too much unwanted scattered radia-
tion from the polycrystalline specimen. In our ex-
periment without the monochromator C, which was 
made at H A S Y L A B , Hamburg, in 1981, such 
strong undesirable scattering hindered us to detect 
the wanted X-rays from a specimen because of too 
low signal/noise ratio. The monochromator C con-
tributes to reducing the background. The obtainable 
resolution depends mainly on the distance between 
the specimen S P and the emulsion film F. For the 
case of a low order reflection from silicon as col-
limators the angular divergence of the incident and 
reflected beams of the collimators are of the order 
of 1 0 - 5 rad. When the optical path between the 
film F and the specimen S P is 300 mm, we attain 
a resolution of 3 [Jim (300 X 1 0 - 5 mm). This value 
is of the same order as that of the conventional 
X - r a y diffraction topography or X - r a y radiography. 
I t m a y be quite feasible to employ a position sen-
sitive proportional counter as the electronic imaging 
system. A two-dimensional counter itself has a re-
latively poor resolution (up to several ten fxm). The 
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resolution obta ined a t the final stage, however, can 
be improved b y employing asymmetric reflections 
at the collimators M i and M2, because t h e y produce 
enlarged P S T images, as can be seen from Figure 7. 

3. Observation 

3.1. Existence of Texture Distribution in a Rolled 
Aluminium, Sheet 

Figure 8 (a) represents the 1 1 1 reflection Debye-
Scherrer ring of a commercial ly used aluminium 
plate w i t h a thickness of 0.8 mm. T h e inhomogene-
ous intensity distribution characterizes the rolling 
texture . T h e az imuthal angle of a place on the re-
flection ring is indicated by an angle cp measured 
clockwise f rom a reference line in Figure 8 (a). 
Figure 8 (b) represents the P S T image observed 

a) 

Fig. 8. PST observation of a commercially used aluminium 
sheet with a thickness of 0.8 mm. The direction of observa-
tion is represented by the azimuthal angle cp indicated in 
(a), the Debye-Scherrer ring of the 111 reflection, (b) PST 
image at 93 = 90°. Long arrow: rolling direction: short 
arrow: reflection vector; scale 3 mm. X-ray condition: see 
text, (c) Schematic presentation of the internal structure 
due to texture distribution. R .D. : rolling direction. 

w i t h the 1 1 1 reflected X - r a y s along a direction of 
the a z i m u t h angle 90° b y means of the Soller slit 
oscil lating technique. A n arrow in the topograph 
indicates the reflection vector. The experimental 
conditions were MoKoc, 40 kV/20 m A , 75 h exposure. 
T h e topograph and Debye-Scherrer photograph are 
posit ive prints, i .e. w h i t e regions are higher radia-
t ion areas. T h e topograph reveals l ight and dark 
pat tern parallel to the rolling direction. This means 
t h a t the plastic deformation is not homogeneous 
along a line perpendicular to the rolling direction. 
Such lineage structure is schematical ly depicted in 
F i g u r e 8 (c). T h e spatial period of texture irregular-
i t y is f o u n d t o be a p p r o x i m a t e l y 1 mm. T h e internal 
structure causes a difference between t h e mechan-
ical properties parallel a n d normal to the rolling 
direction. T h e invest igat ion on a relationship be-
t w e e n such t e x t u r e inhomogeneity and mechanical 
properties is in progress. 

3.2. Annual Rings of Wood (Japan Cedar) 
A s an example of observation, Fig . 9 (a) repre-

sents a P S T image of a J a p a n cedar observed at the 
scatter ing angle 10.8° w i t h the X - Y scanning meth-
od under X - r a y condition 40 k V / 1 7 m A (MoKa), 
20 m i n exposure. T h e incident pencil beam has 
0.5 m m in diameter. W i t h the dif fraction geometry 
(Fig. 9 (b)), t h e annual rings of the wrood are found 
t o produce strong intensi ty of the scattered beam. 
W h e n t i l t ing the specimen (shown b y dashed lines 
in Fig . 9 (b)) under the same diffraction condition 
fine structures of the annual ring layers are revealed 
in t h e P S T image, represented in Figure 9 (c). The 
intensi ty distr ibution in the P S T image indicates 
direct ly the distr ibution of the material with a 
structure which yields a p e a k a t t h e scattering 
angle 10.8°. T h e q u a n t i t a t i v e analysis of these ob-
servations should be performed wi th a knowledge 
of wood. This k i n d of P S T observation m a y enable 
us to interprete the origin a n d mechanism of kink-
ing or branching. 

4. Discussion of the Perspective Fields 
of Application 

Since a n y k ind of scattered X - r a y s m a y contribute 
to the P S T images, we h a v e to consider which kind 
of scattering (diffraction in m a n y cases) is the main 
fac tor in the image formation. This consideration 
a n d t h e prel iminary experiments (Sect. 3) help us 
t o deduce a feasibi l i ty s t u d y of the P S T application. 
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Fig. 9. PST observation of wood (a Japan cedar) by means 
of the X - Y scanning method, (a) PST image at normal 
position. White regions with intense radiation correspond 
to the annual rings, (b) Diffraction geometry for taking the 
topographs (a) (SP, solid line) and (c) (SP, dashed line), 
(c) PST image after tilting the specimen by about 30°. 
Broad white contrast indicates internal structure of the 
annual ring layers. X-ray condition, see text. Scale mark: 
5 mm. 

(a) T e x t u r e 

Texture means, roughly speaking, preferred 
oriented structure. Such orientation distribution in 
aluminium plates was the first object observed b y 
the Soller slit oscillating method. The result reveals 
that the texture distribution exists. Commercially 
used aluminium plates have a special lineage struc-
ture due to texture elongated along the rolling 
direction. The inhomogeneous texture m a y cause 
the difference of mechanical properties along direc-
tions parallel and perpendicular to the rolling direc-
tion. From the experimental fact we conclude that 
materials having texture should be characterized b y 
the over-all texture, which is represented with a 
pole figure [7], and the texture topographs. 

(b) C r y s t a l l i t e S i z e 

When the number of repeat units becomes less 
than about 1000, the width of the diffraction maxi-

mum begins to get measurably larger. If ß = 2 A 6 (the 
increase in the width of the diffraction peak) then 

ß = X/t cos 6 , (1) 

where t: linear dimension of the crystallites, 

A: wave length and 0: Bragg angle. 

For a mosaic block of 0.1 ji.m and C u K a radiation 

ß ~ 1.5 X 10-4/ cos 6 rad. 

A t 6 = 85°, this gives a spread of the order of 

1.7 x 10-3 rad. 

Therefore this effect should give good contrast in 
the P S T images in cases wdiere the crystallite size 
of the specimen is locally different. 

(c) S t r a i n 

Often strain in a specimen, especially if due to 
cold working, is non-homogeneous, and alters the lat-
tice size in different ways in different crystallites and 
in different directions in the same crystallite. The 
reciprocal points are distributed over volumes around 
the average position. The effect is expressed as 

ß = 2 AO = 2(Adjd) tan 6, (2) 

where d: interplanar spacing. 
The strain effect gives sufficient contrast in the 

P S T image if the specimen has locally deformed 
regions such as "Lüders B a n d " . Certain alloys ex-
hibit a tendency to develop "Lüders lines" or flow 
lines on the surface when stretched [7]. Such prop-
agation of the Lüders band is a good object to be 
observed b y means of the PST. Inhomogeneous 
solid solution also alters the crystal lattice and 
reciprocal lattice size in the same w a y as strain. 

(d) S t r u c t u r e F a c t o r 

According to the kinematical theory of diffraction 
the intensity Ihki of scattered X-rays is propor-
tional to the square of the structure factor F^ki of 
the specimen: 

Ihki cc \Fhki\*, 
Fhki — ^ f n exp 2ni (rn • g), (3) 

n 

g = (hlcl): reflection index, 

rn — (xn yn zn): position of n-th atom in 
the unit cell, 

jn: scattering factor of n-th atom in the unit 
cell. 

Phase transformation is quite a feasible object b y 
using structure factor contrast. Consider a disor-
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dered structure which has started the process of 
ordering to form a superlattice, wi thout altering 
the size of the parent lattice. A l l reflections w h i c h 
are c o m m o n to both structures will be general ly 
sharp, but the additional reflections which the n e w 
phase alone produces (supperlattice reflections) wil l 
arise only f rom the small nuclei of ordered phase, 
and at the same time, show small crystall ite size 
broadening. I n a case where the transformation is 
local ly nucleated and then gradual ly performed all 
over the specimen, the process can be observed b y 
the P S T . 

(e) S t r e s s D i s t r i b u t i o n 

T h e X - r a y method of stress determination is based 
on the measuring of differences in the interplanar 
spacing of a g iven set of crystal planes w h i c h are 
variously oriented to the specimen surface [8]. T h e 
latt ice spacing has to be measured with a n error 
less t h a n t h e order of 1 0 - 4 [9], T h e P S T technique 
using synchrotron radiation described in the Sec-
t ion 2.2 (g) and in Fig. 7 enables us to determine 
a distribution of the interplanar spacing precisely 
enough. F o r the stress measurement wi th the P S T 
technique we employ an energy dispersive system, 
as schematical ly shown in Figure 10. In this geom-
etry the specimen is f ixed a t the B r a g g angle 6. 
F r o m B r a g g ' s law the relative error in measuring 
the interplanar spacing d is g iven as 

Ad/d = AXjX — cot 6 • Ad , (4) 

where AX: deviat ion of the w a v e length X, 

Ad: change of the interplanar spacing d, 

Ad : error of the measured value 6. 

C 

Fig. 10. Schematic principle of stress measurement by 
means of the energy dispersive system of a PST, in which 
synchrotron radiation with white spectrum is used. The 
specimen is fixed at a proper position. AD: angular diver-
gence of the incident and outgoing beams for the collima-
tors Mi and M2. From the rotation angle co a value of the 
wave length deviation AX of the beam diffracted from the 
specimen can be calculated. 

T h e error of A 6 is equivalent to the angular diver-
gence of the incoming or outgoing beams of the 
coll imators M i and M2, the order of which is 10~5 

(in the case of silicon 220 reflection of M o K a i , 
Ad ~ 1.1 X IO - 5 ) . T h e first term AX\X of E q . (4) is 
determined b y measuring the rotat ion angle co. The 
a c c u r a c y is g iven for t h e re levant reflection, inde-
pendent of the w a v e length (5.6 X 10~5 for silicon 
220 reflection) [10]. Accordingly , in the reflection 
case ( 0 > 4 5 ° ) , we a t t a i n the order of 10~5 as the 
relat ive error. T h e P S T wi th synchrotron radiation 
provides us a peerless method for observing the 
stress distr ibution in the surface of a specimen. 

[1] T. Horiuchi and Y. Yoneda, Proceedings of the 32nd 
Annual Conference of Applied Physics, Japan 1971, 
p. 343. Y. Yoneda and Y. Chikaura, KEK-79-34 
(1979), p. 85. Proceedings of the plan Meetings on 
X-ray Instrumentation for Photon Factory, Tsukuba 
1979; edited by M. Ando and A. Amemiya, National 
Laboratory for High-Energy Physics, Japan. 

[2] Y. Chikaura, Y. Yoneda, and G. Hildebrandt, J. 
Appl. Cryst. 15 (1982), in press. 

[3] Y . Yoneda and Y. Chikaura, Japan J. Appl. Phys. 21, 
31 (1982). 

[4] E. Born, Kristall und Technik 14, 325 (1979). 

[5] E. Born and H. Schwarzbauer, Kristall und Technik 
15, 837 (1980). 

[6] Y . Yoneda, T. Horiuchi, and N. Hiramatsu, Japan 
J. Appl. Phys. 19, 353 (1980). 

[7] B. Chalmers, Physical Metallurgy, Chapt. 5, pp. 157, 
J. Wiley & Sons, New York 1959. 

[8] C. S. Barrett and T. B. Massalski, Structure of Metals, 
third edition, Chapt. 17, pp. 466 -485 , McGraw-Hill, 
New York 1966. 

[9] P. Doig, D. Lonsdale, and P. E. J. Flewitt, J. Appl. 
Cryst. 14, 124 (1981). 

[10] J .H.Beaumont and M.Hart, J. Phys. (E) 7, 823 
(1974). 


