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2.7. TOPOGRAPHY

Awgo = 0(V') —6(V) — Ap, from which both Ag and the
difference in Bragg angles can be found. The interplanar spacing
difference is given by d(V') —d(V)=[6(V)—6(V')]d cot 9,
d being the mean interplanar spacing of V and V’. In practice,
series of topographs are taken with azimuthal angles v = 0, 90,
180, and 270°, so that the two components needed to specify the
misorientation vector between the Bragg-plane normals of V and
V'’ can be determined. The Du Mond diagram shows that in this
slightly dispersive experiment the range of overlap of the U band
with any V band can be restricted by reducing the angular range
or wavelength range of rays incident on U. Such reduction can
be achieved by use of a small source § far distant from U, such
as a synchrotron source. It can also be achieved by methods
described in Subsection 2.7.4.2. As regards spatial resolution on
double-crystal topographs, relations analogous to those for
single-crystal topographs apply. If the reference crystal U
unavoidably contains some defects, their images on F can
deliberately be made diffuse compared with images of defects in
V by making the UV distance relatively large. In a nearly
dispersion-free arrangement, if the Ko, wavelength is being
reflected, then so too will the Ko, if S is sufficiently widely
extended in the incidence plane, as is usually necessary to image
a usefully large area of V. If the distance VF cannot be made
sufficiently small to reduce to a tolerable value the resolution
loss due to simultaneous registration of the «; and «, images,
then a source S of small apparent size, together with a
collimating slit before U, will be needed. In order to obtain
imaging of a large area of V, a linear scanning motion to and fro
at an angle to SU in the plane of incidence must be performed by
the source and collimator relative to the double-crystal camera.
Whether it is the source and collimator or the camera that
physically move depends upon their relative portability. When
the source is a standard sealed-off X-ray tube, it is not difficult
to arrange for it to execute the motion (Milne, 1971).

In some applications, it may occur that the specimen is so
deformed that only a narrow strip of its surface will reflect at
each w setting. Then, a sequence of images can be superimposed
on a single film, changing w by a small step between each
exposure. The ‘zebra’ patterns so obtained define contours of
equal ‘effective misorientation’, the latter term describing the
combined effect of variations in tilt A¢ and of Bragg-angle
changes due to variations in interplanar spacing (Renninger,
1965; Jacobs & Hart, 1977).

Double-crystal topography employing the parallel setting was
developed independently by Bond & Andrus (1952) and by
Bonse & Kappler (1958), and used by the former workers for
studying reflections from surfaces of natural quartz crystals, and
by the latter for detecting the strain fields surrounding outcrops
of single dislocations at the surfaces of germanium crystals.
Since then, the method has been much refined and widely
applied. The detection of relative changes in interplanar spacing
with a sensitivity of 10~® is achievable using high-angle

v F
Fig. 2.7.3.5. Transmission double-crystal topography in + — setting
with spatial limitation of beam leaving reference crystal.

reflections and very perfect crystals. These developments have
been reviewed by Hart (1968, 1981).

Transmitted Bragg reflection (i.e. the Laue case) can be used
for either or both crystals U and V, in both the + + and + —
settings, if desired. When the reference crystal U is used in
transmission, a technique due to Chikawa & Austerman (1968),
shown in Fig. 2.7.3.5, can be employed if U is relatively thick
and, preferably, not highly absorbing of the radiation used. This
technique exploits a property of diffraction by ideally perfect
crystals, that, for waves satisfying the Bragg condition exactly,
the energy-flow vector (Poynting vector) within the energy-flow
triangle (the triangle ORT in Figs. 2.7.2.2 and 2.7.2.3) is
parallel to the Bragg planes. (In fact, the energy-flow vectors
swing through the triangle ORT as the range of Bragg reflection
is swept by the incident wave vector, K;.) Placing a slit Q as
shown in Fig. 2.7.3.5 so as to transmit only those diffracted rays
emerging from RT whose energy-flow direction in the crystal ran
parallel, or nearly parallel, to the Bragg plane OD has the effect
of selecting out from all diffracted rays only those that have zero
or very small angular deviation from the exact Bragg condition.
The slit Q thus provides an angularly narrower beam for
studying the specimen crystal V than would be obtained if all
diffracted rays from U were allowed to fall on V. The specimen
is shown here in the + — setting, and also oriented to transmit its
diffracted beam to the film F. This specimen arrangement is a
likely embodiment of the technique but is incidental to the
principle of employing spatial selection of transmitted diffraction
rays to gain angular selection, a technique first used by Authier
(1961). A practical limitation of this technique arises from
angular spreading due to Fraunhofer diffraction by the slit O: use
of too fine an opening of Q will defeat the aim of securing an
extremely angularly narrow beam for probing the specimen
crystal.

2.7.4. Developments with synchrotron radiation
2.7.4.1. White-radiation topography

The generation and properties of synchrotron X-rays are
discussed by Arndt in Subsection 4.2.1.5. For reference, his list
of important attributes of synchrotron radiation is here repeated
as follows: (1) high intensity, (2) continuous spectrum, (3)
narrow angular collimation, (4) small source size, (5) polariza-
tion, (6) regularly pulsed time structure, and (7) computability of
properties. All these items influence the design and scope of
X-ray topographic experiments with synchrotron radiation, in
some cases profoundly. The high intensity of continuous
radiation delivered in comparison with the output of standard
X-ray tubes, and hence the rapidity with which X-ray topographs
could be produced, was the first attribute to attract attention,
through the pioneer experiments of Tuomi, Naukkarinen & Rabe
(1974), and of Hart (1975a). They used the simple diffraction
geometry of the Ramachandran (Fig. 2.7.1.2) and Schulz
(Fig.2.7.1.1) methods, respectively. [Since in the transmission-
specimen case a multiplicity of Laue images can be recorded, it
is usual to regard this work as a revival of the Guinier &
Tennevin (1949) technique.] Subsequent developments in
synchrotron X-ray topography have been reviewed by Tanner
(1977) and by Kuriyama, Boettinger & Cohen (1982), and
described in several chapters in Tanner & Bowen (1980). Some
developments of methods and apparatus that have been
stimulated by the advent of synchrotron-radiation sources will
be described in this and in the following Subsection 2.7.4.2, the
division illustrating two recognizable streams of development,
the first exploiting the speed and relative instrumental simplicity
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2. DIFFRACTION GEOMETRY AND ITS PRACTICAL REALIZATION

of white-radiation synchrotron X-ray topography, the second
directed towards developing sophisticated ‘beam conditioners’ to
extract highly collimated and monochromatic beams from the
continuous-wavelength output of the synchrotron source. In both
monochromatic and continuous-radiation experiments, the high
intensity renders it more practicable than with conventional
sources to apply electronic ‘real-time’ imaging systems (dis-
cussed in Sections 7.1.6 and 7.1.7, and Subsection 2.7.5.2).

At the experimental stations where synchrotron X-ray
topography is performed, the distance a from the source (the
tangent point on the electron orbit) is never less than some tens of
metres, e.g. 40m at the Deutsches Elektronen-Synchrotron,
Hamburg (DESY), a maximum of 80m at the Synchrotron
Radiation Source, Daresbury (SRS), and 140 m at the European
Synchrotron Radiation Facility (ESRF). The dimensions of the
X-ray source (given by the cross section of the electron beam at
the tangent point) vary widely between different installations (see
Table 4.2.1.7), but the dimension in the plane of the electron
orbit is usually several times that normal to it. If W, and W, are
the corresponding full widths at half-maximum intensity of the
source, then with the simple X-ray optics of a white-radiation
topograph the geometrical resolution will be W,.b/a and W,b/a in
the orbit-plane (horizontal) and normal to the orbit-plane
(vertical) directions, respectively, independent of the orientation
of the plane of incidence of the Bragg reflection concerned.
Representative dimensions might be W, = 2mm, W, = 0.5 mm,
and a = 50m. With » = 100 mm, the horizontal and vertical
resolutions of the topograph image would then be 4 and 1 pm,
respectively, comparable with those on a conventional source,
but with » = 10 mm only. Thus, even under synchrotron-source
conditions, it is desirable that b should not exceed some
centimetres in order to avoid geometrical factors causing a
severer limitation of resolution (at least in one dimension) than
other factors [such as photo-electron track lengths in the
emulsion and point-by-point statistical fluctuations in absorbed
photon dose (Lang, 1978)]. Since synchrotron X-rays are
generated at all points along a curved electron trajectory, they
spread out in a sheet parallel to the orbit plane. So there is in
principle no limit to the specimen dimension in that plane that
can be illuminated in a white-radiation topograph. However,
increased background due to scattering from air and other
sources imposes a practical limit of around 100 mm on the beam
width. With electrons circulating in a planar orbit, the
divergence of radiation normal to the orbit plane is strongly
constricted, significant intensity being contained only within a
fan of opening angle 2 ~mc?/E, e.g. 2 =0.25mrad with
electron energy E =2 GeV, equivalent to a vertical distance
~12mm with a=50m. This does impose a significant
restriction on the area of specimen that can be imaged in a
transmission topograph unless recourse be had to beam
expansion by an asymmetrically reflecting monochromator
crystal.

For analysis of the three-dimensional configuration of defects
within crystals, it is a useful feature of white-radiation
transmission topography that different views of the specimen
are presented simultaneously by the assemblage of Laue images,
and that when studying reflection from a given Bragg plane there
is freedom to vary the glancing angle upon it. When interpreting
the diffraction contrast effects observed, the relative contribu-
tions of all the diffraction orders superimposed must be
considered. However, after taking into account source spectral
distribution, specimen structure factors, absorption losses and
film efficiency, it is often found that a particular order of
reflection is dominant in each Laue image (Tuomi, Naukkarinen
& Rabe, 1974; Hart, 1975a). The variation of diffraction

contrast with wavelength follows different trends for different
types of defect (Lang, Makepeace, Moore & Machado, 1983), so
the ability to vary the wavelength with which a given order of
reflection is studied can help in identifying the type of defect.

If the orbiting electrons are confined to a plane, then the
radiation emitted in that plane is completely linearly polarized
with the E vector in that plane. It follows that diffraction with the
plane of incidence normal to the orbit plane is in pure
o-polarization mode (polarization factor P =1), and with
plane of incidence parallel to the orbit plane in pure m-
polarization mode (P = | cos26g|). The former, vertical plane
of incidence is often chosen to avoid vanishing of reflections in
the region of 26, = 90°. The ability to record patterns with either
pure o-mode or pure w-mode polarization is very helpful in the
study of several dynamical diffraction phenomena. To facilitate
switching of polarization mode, some diffractometers and
cameras built for use with synchrotron sources are rotatable
bodily about the incident-beam axis (Bonse & Fischer, 1981;
Bowen, Clark, Davies, Nicholson, Roberts, Sherwood &
Tanner, 1982; Bowen & Davies, 1983). From the diffraction-
theoretical standpoint, it is the section topograph that provides
the image of fundamental importance. High-resolution section-
topograph patterns have been recorded with synchrotron
radiation using a portable assembly combining crystal mount
and narrow incident-beam slit. With the help of optical methods
of alignment, this can be transferred between topograph cameras
set up at a conventional source and at the synchrotron source
(Lang, 1983).

The regularly pulsed time structure of synchrotron radiation
can be exploited in stroboscopic X-ray topography. The wave-
fronts of travelling surface acoustic waves (SAW) on lithium
niobate crystals have been imaged, and their perturbation by
lattice defects disclosed (Whatmore, Goddard, Tanner & Clark,
1982; Cerva & Graeff, 1984, 1985). The latter workers made
detailed studies of the relative contributions to the image made
by orientation contrast and by ‘wavefield deviation contrast’ (i.e.
contrast arising from deviation of the energy-flow vector in the
elastically strained crystal).

2.7.4.2. Incident-beam monochromatization

In order to achieve extremely small beam divergences and
wavelength pass bands (d1/1), and, in particular, to suppress
transmission of harmonic wavelengths, arrangements much
more complicated than the double-crystal systems shown in
Figs. 2.7.3.1 and 2.7.3.3 have been applied in synchrotron-
radiation topography. The properties of monochromator
crystals are discussed in Section 4.2.5. In synchrotron-radiation
topographic applications, the majority of monochromators are
constructed from perfect silicon, with occasional use of
germanium. Damage-free surfaces of optical quality can be
prepared in any orientation on silicon, and smooth-walled
channels can be milled into silicon monoliths to produce
multireflection devices. First, for simpler monochromatization
systems, one possibility is to set up a monochromator crystal
oriented for Bragg reflection with asymmetry b > 1 (i.e.
giving W, /W, < 1) to produce a narrow monochromatic
beam with which section topographs can be taken (Mai,
Mardix & Lang, 1980). The standard + — double-crystal
topography arrangement is frequently used with synchrotron
sources, the experimental procedure being as described in
Section 2.7.3 and benefiting from the small divergence of the
incident beam due to remoteness of the source. An example of
a more refined angular probe is that obtainable by employing a
pair of silicon crystals in + 4 setting to prepare the beam
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