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INTRODUCTION
Different particles have been used to explore the atomic or
electronic structure of materials the principle among which are
X rays, neutrons, electrons. Although electron diffraction wss
discovered 50 years ago nearly simultaneously with X rays, electron diffraction was not so widely used as X ray diffraction for
structural studies. Apart from the important développement by
Vainshtein [1] for structure determination the contribution of
electron diffraction was by no means small. This was due to a
number of disadvantages which were difficult to ovecoma in the
past : the interaction between electrons and matter is very strong
thus all r.hc simple approximations employed for X rays fail and an
electron diffraction pattern cannot be interpreted directly. As a
consequence the "transparency" of matter to electrons is vefy~Timited and only very thin specimens can be explored {y 100 to 1000
A). In this geometrical form it is difficult to obtain sufficiently uniform sample (thickness and orientation) to produce valid
results. Furthermore some materials are radiation sensitive and
rapidly destroyed under the electron beam.
In the last decade however a remarkable development of electron diffraction and imaging methods has occurred. Complicated
structures were directly solved on images at a 2-3 A level [2]
since the early work on oxides structure done by Cowley and Iijina
[3]. Important experimental progress was also made in the investigation of the "optical" potential seen by electrons extending the
interest from crystallography to solid state physics. In addition
the recent development of modern elecrron microscopes (scanning

or transmission electron microscope) offers the enormous advantage
of obtaining structural information localized at a level never
previously attainable : microdiffraction pattern from region of
10 A are now possible and -structural defects are explored at an
atomic level. Owing to the instrumental versatility diffraction
and images can also be complemented in a way which minimizes the
electron dose'and ovecomes partially the radiation problem for
sensitive material [6]. This recent development ha» been mainly
favored by the emergence of good theories of dynamical scattering
and the ease of obtaining computed solutions. As a consequence it
appears that strong dynamical sc; "taring of electrons is not at
all an inconvenient but can be an advantage to explore in more
detail atomic or electronic structures.
M3ny recent reviews of dynamical electron scattering and its
application have recently appeared. Two of them give an overall
survey of the subject : "Electron diffraction 1927-1977" from papers giver at the International Conference on Electron Diffraction
in 1977 [<4] and'the Nobel Symposium on Direct imaging of Atomic
in Crystals and Molecules [5]. The present contribution will be
limited to high energy electrons (> 50 keV) as low energy electron
diffraction (LEED) needs a specific approach and offers at present
no possibility of combining diffraction and images.
The different theories of dynamical scattering of electrons
will firstly be reviewed with special reference to their basis,
and the validity of the different approximations. Then after a
short description of the different experimental set ups, structural analysis and the investigation of the "optical" potential by
means of high e.iergy electrons will be surveyed.
THEORY OF DYNAMICAL SCATTERING OF ELECTRONS
Although the basis of dynamical scattering theory was already
in place two decades ago this domain is still active in many respects : in particular the definition of the potential seen by
high energy electrons and the search for adequate approximations
to obtain either an invertible form or an analytical solution. The
basis of the different formulations which are presented, must
first be clarified.
The basis of dyanmical scattering
Thé propagation of high energy electrons is generally described by the Schrodinger equation :
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where k is the wave vector. The solution of (1) with the appropriate boundary conditions would describe the complete scattering of
electrons. In fact (1) is a considerable restriction of the general
problem : it describes only one particle propagating in a potential
V(r) having no internal degrees of freedom. Therefore inelastic scattering of the electron beam by matter is entirely neglected. Although dynamical inelastic scattering can be deduced from a time
dependent Schrodinger equation as in the form proposed by Yoshioka
[7] very little work has been done in this direction [8]. However
(1) can describe adequately the elastic scatterir" if and only if :
i) The potential V(r) is complex to allow for the absorption
of plastically electrons by inelastic processes. This phénoménologie treatment has been justified on the basis of more elaborate
theories by Yoshioka [7] and others [9] : V°P (r) = VCr) + iV(£).
This potential has been called the "optical" potential by analogy
with the use of a complex dielectric cons.ant in optics or X ray
diffrac-.ion. Various attempts have been made to understand the
physical meaning of the real and the imaginary part of this potential, and to make good estimates of them. In principle the real
part V(r) would represent the Coulomb interaction and the exchange
however tht exchange term is negligible for high energy electron
[1C], and the crystal is essentially coulombic and so the electrons see the total crystal potential including solid state bonding effects, exchange and correlation effects between electrons
in the crystal structure. Therefore the Born atonic structuré
factor often use in the description of the real part is only a
first approximation, and more accurate results must also include
bonding effects. The imaginary part V'(r) is characterized in a
crystal by its Fourier coefficients V and V' corresponding to the
gth diffraction vector. The central part V describes the background absorption with a mean free path A : the complex dielectric constant gives a good estimate of this term, and V^ represents mainly collective excitations such as plasmons [11]. On the
other hand the anomalous part Vl arises mainly from thermal diffuse scattering by phonons as shown by Hall and Hirsch [12]. Generally the orders of magnitude are such that V'(r) ^ 0.1 V(r).
c

ii) Thermal atonic vibratioi., already included in the imaginary part, affect also the real part. An average potential
< V(r) > is usually introduced by convolution with the probability density function for thermal vibrations. In a crystal the
Fourier coefficients Vg are then affected by the usual Debye
Waller factor. Exact dynamical calculations of vibrating crystals
do not as yet exist, although it is possible to computer simulate
it on the multislice method (see below).
iii) Relativistic effects are included as the rest mass energy of electrons (511 keV) is comparable to the kinetic energy.

Thus relativistic expressions for m and k have to be used.
One further simplification is usually made with high energy
electrons : the forward scattering approximation. As the electron
vaveler.ght is much smaller than interatomic distances the scattering is strongly favored in the forward direction. Then if z is
along the electron beam direction substituting :
*(r) = exp(2tnkz) T ( £ , Z )

and neglecting second derivatives in z of T, (I)
2mV(r,z)
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becomes :
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which will serve as the starting equations for dynamical scattering. Two major approaches have been developped for solving (2) in
a periodic or, even non periodic potential : the Bloch wave method,
and the coupled"plane wave theories based on Darwin's treatment
[13].
The Bloch wave method
Genaralyzing the first treatment of dynamical electron diffraction by Beche [14] in a crystal, a solution of (2) is expressed as a sum of S two dimehsionnal Bloch waves each Bloch wave
being described by a sum of plane waves :
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Since the 3ioch waves all have the same energy (k ), and the same
transverse component to match the boundary condition at the entrance surface only the z component of k(J) differ from one Bloch wave
to the other. The termination of the
vectors will describe
the dispersion surface with a number of branches equal to the
total number of Bloch wave considered (see fig. 0 * Let :
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then from (2) amplitude and wave vector of the Bloch waves are
given by solving the equation :
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is the distance in the z direction from the Ewald sphere

Fig. 1 - Dispersion surface giving the loci of the wave vector
propagating in a crystal. This burface has been limited
to six branches.
to the reciprocal lattice point g. The multibeatn equations (5) are
of standard eigenvalue form and for solving (5) it is necessary to
diagonalize one particular matrix M. The general solution of (2) is
then given by a linear combination cf Bloch waves whose excitations are calculated by expressing the boundary conditions. The
resulting wave at the exit face is then given by :
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The diagonalization of the matrix involved in (5) can give an analytical solution for only a few beams in general 3 unless particular symmetry conditions would allow appropriate reduction of M.

The effect of the imaginary pare of the potential is often
calculated by a perturbation sathod as V'(r)is always smaller than
V(r). It introduces a complex eigen value y ^ the imaginary part
of which corresponds to an attenuation different for each Bloch
wa e : this is known as the anomalous absorption effect and is
identical to the Bormann effect for X rays, in particular attenuation is more pronounced for symmetric Bloch waves.
For computation the number of beans must be limited to the
lowest compatible with experimental accuracy. As the method is
self consistent whatever the beam number, the square modulus of
the total wave is constant whan absorption is neglected. A practical cleans to determine the appropriate number of b>ams to use is
to increase the number of beans until a stationary value of eigen
values is reached.
Generally speaking this nunber increases with the voltage
and depends strongly or. the specimen orientation (via the S parameters in (5)). A relatively small number (3 to 20) is necessary
when the Ewald sphere is close to one row of the reciprocal space,
but many mere beams are necessary (50-1000) when the Ewald sphere
is close to a dense plane of the reciprocal space i.e. when the
beam is aligned along a low index row of the crystal. This would
give particularly lengthy calculation unless fast computer is used.
An example of such calculation'in fig. 2 gives the phase and amplitude of the central bean and of one' diffracted beam at the exit
face of a germanium slice as a function of its thickness.
g

The coupled plane wave theories (Darwin type)
Following the Darwin method [13] it is useful to write the
electron wave in the material as a sum of coupled plane wave the
amplitudes of which vary with position, instead of a sum of
independent Bluch waves. Thus as proposed by Howie and Whelan [17]
the vave function inside a crystal is written :
((»(£,z) = 7 a (z) exp 2ïïik.r exp 2rrig.r
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and from (2) the amplitudes must satisfy :
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This coupled system of equations can be formally integrated [18]
in the form :
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Fig. 2 - Calculated amplitudes and phases of 0 and 111 beams in
germanium oriented along [Oil] axis. Experimental data
for phases as measured from direct atomic high resolution images are compared to the calculated values. Dynamical calculation ; 156 beams by Bloch waves method including absorption.
a(z) » (exp - i jr
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where a(z) is a column vector of the N amplitudes and S the scattering matrix. Exact calculation of S however is difficult and a

series expansion of (9) is of low convergence, therefore at.other
form is genera' y prefered.
In the m cislice formulation the description of propagation
in the solid is made by dividing the solid into thin slices perpendicular to the electron beam and calculating the transmission
of one slice. Successive application is performed thi» entrance
conditions for the n + 1 slice beir.$, furnished by the exit wave
function of the n slice.
It has been shown directly [15] from the Schrodinger equation
(2) or from its integral form [16] that the effect of one slice is
given in the limit of Az •*• 0, by :
<p(£,Az) = P(Az) *{[exp - 2 ^ — V° (^)Az]*(^,o)}
pt

(10)

m/2iikh is called the interaction constant o, and is equal to ir/ÀE
where E is the electron energy, P(Az) is the Fresnel propagation
function over Az, and * denotes the convolution product and V - (r)
the mean projected potential over Az.
2

Successive applications of (10) will give a very good approximation of the dynamical scattering problem if the slice thichness
is small enough. This thickness is.usually taken as of the order
of the lattice parameter along % unless the diffraction effect
coming from upper layer Laue zone must be taken into account.
If applied to a periodic potential, (10) can be expressed as
a finite sum cf combinations of diffracted beams. The number of
beams to be introduced in the theory is also determined empirically. The constancy of the square modulus |i|> | when absorption is
neglected is a critérium often used as this theory is not self
consistent.
2

The convolution product is also for practical computation
replaced by multiplication of the Fourier transforms : the Fast
Fourier Transform algorithm has given a definite advantage to this
method and problems including up to 10000 beams can be handle
relatively easily.
Extension to non periodic potential
It is possible to extend the previous analysis to non periodic potentials. Most effort in the past was devoted to defects in
periodic structures, so that the periodic character of the specimen is prédominent. First order perturbation theory [19] on the
Bloch wave approach has been proved to be relatively inadequate
for high energy electrons and it is the coupled plane wave formulation which has been the most fruitful.

The theory developped by Howie and Whelsr [17] is based on
the column approximation i.e. that the amplitudes of the plane waves a are slowly varying with r. The result is very similar to
(8) but using a "local" deviation parameter S + & (r) instead of
S where :
g
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with R = local displacement of the lattice, and modified amplitudes a' = a exp 2irig.R.
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This type of calculation has been widely used for calculating the contrast of linear or planar defects at low resolution
and very limited number of beams [18].A more refined treatment
was uiade by Howie and Basinsky [20] without the column approximation and therefore is valid irrespective of whe degree of distorsion of the crystal. However the coupled differential equations
include second derivatives of wave function amplitude and they
are cumbersome to integrate especially for high beam numbers [21].
More recently the development of high resolution has required
a new approach based on the multislice theory. The propagation of
the electron wave given by (10) is valid irrespective of the exact
form of the potential V(r). Therefore in the non periodic case the
convolution product can be performed by discrete sampling of V(r)
which is equivalent to indroducing an artificially periodic crystal : this method is known as periodic continuation and has been
successfully employed near point defects [22] or dislocations [23].
The different approximations to dynamical scattering
Although tne dynamical elastic scattering has been formerly
solved by one of the equarion sets (5), (8) or (10) and can effectively be calculated on modern computers, a constant effort
has been applied to the search of adequate approximations which
are in analytical form.
The simplest one, but of no real interest with electrons, is
the klneraatical approximation similar to the first Born approximation [24], It states that the scattered waves are weak compared
with the incident wave : it can be clearly interpreted as corresponding to a single scattering process. For an incident plane wave
of amplitude unity the electron wave is then given simply by :
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and V(r^) is the mear. projected potential at the point r. This ap-

proximation only holds for :
nV(r)
o

At high resolution (d i> 2 or 3 A) where regions of high potential
are explored this approximation is limited to specimen only a few
atoms thick. In case of a large Z value, this approximation even
fails for one atomic layer. Therefore although of great simplicity
this weak phase object approximation is limited to very thin specimen of light atoms or to resolution larger than the mean projected distance between atoms. Higher electron energy would not improve very much the situation as AE tends to a limit hc/2 due to relativistic effects.
The second and more useful approximation is the phase object
approximation. Since the wavelength of an electron is very small
compared to the, atonic distance and that the object potential vary
only slowly over one wavelength the electron can be considered to
follow the classical path i.e. a straight line through the object.
Jap and Glaeser [25] have shown that unlike the first Born approximation, the phase object approximation takes multiple scattering
processes into account but the scattered waves are supposed to
propagate in the same direction parallel to the incident electron
wave. The electron wave is given by :
ir
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This equation follows directly from integration of (2) when V is
neglected. The condition for the validity of (13) can be written :
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where d . is the minimum resolvable distance. (14) states that
the path length between the straight line parallel to the incident
beam and to the more inclined scattered beam is smaller than the
electron wavelength. Thickness as deduced from (14) is typically
of the order of 50 A and therefore can be useful in case of high
resolution studies where specimen thickness is anyway limited to
avoid chromatic aberration.
A higher order phase object approximation in an invertible
form has been recently proposed [25], based on the Feynmaa path
integral formulation of quantum mechanics but the analytical form
is still too complicated to be of practical use.
More recently alternative approaches tend to use the methods
developped for the valence bond theory when the diffraction pat-

tern exhibits a full plane of the reciprocal plane i.e., when the
electron beam is aligned along low index row of the crystal (or
atomic strings). The advantage of working in real space is tnat
one is able to make use of the near cylindrical symmetry of the
atomic strings ("muffin tin" potential). Bloch waves in two dimensions are developped either in plane wave (APW method) or in
cylindrical wave with angular momentum expansion (KKR method) by
Ozorio de Almeida [26] or in Gauss type orbi.al by Katnbe [27]. Reduction of the number of beams by symmetry is also effective along
the rows. Furthermore unlike the many beam natri/. the KKR matrix
is usually quite small because the scattering by the atomic string
potential is predominantly of s and p character. This approach has
given a new insight on the localized orbitals corresponding to
Bloch waves bound or antibound to atomic strings [28].
Gemmel [29] and Fujimoto et al. [30] for these special orientations have used concepts of classical channeling theory of particle motion in,crystals and an interesting connection has been
claimed between extinction distances and oscillations of the electron in the potential well.
An algebraic approach to M-beam theory has been undertaken by
A.F. Moodie [31] in the projection operation form of Sturkey's
scattering matrix solution but an invertible form is at present
limited to the 3-beain case.
EXPERIMENTAL POSSIBILITIES FOR ELECTRON DIFFRACTIQN AND IMAGING
One of the important advantages of electrons over other diffracting particles is that they are easily deviated in a controlled manner and electron optics has now attained a high degree of
development bu continuous progress of the machining of lenses.
Many different machines are now available the flexibility of which
is sufficient to allow diffraction or imaging in different modes.
Imaging mode a 2 A level is routinely attainable and has in the
five past years completely renewed the field of structure analysis
by electrons. The basic transmission electron microscopy (TEM)
(fig. 3) has been extended in multiple ways :
i) A large range of voltage are available from 100 keV up to
1 meV and the high voltage electron microscopy is still able to
be core widely used specially at intermediate voltages.
ii) The objective lens characteristics has been optimized
and very low spherical aberration coefficients are now customary.
iii) The electron gun has been optimized tb produce high
brightness emission. In particular the field emission gun is promised a large development in the near future.
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Fig. 3 - TEM and STEM

schematic arrangement

In the TEM :r.ode of operation che incident electron wave is
often approximated to a plane wave as the angular divergence of
the incidsac hesa is small compare to the scattering angles. Images as well as poi z diffraction patterns are easily obtained by
a simple change in the lens excitations. However the diffraction
patterns are of lieiced value for quantitative work : thickness
and orientation are rarely well controlled even on the ninicuo
micro-diffraction area (usually -v 1 u). With additional lenses
however convergent beam conditions are also possible producing a
large cone of illumination (0.5*) focussed on snail area, typically (50 Â) (Fig. 4).
In the high resolution scanning transmission electron microscope (STEM) (fig- 3) firstly developped by Crewe [32] a new type
of electron microscope has appeared. It consists in producing a
small focussed spot of electrons (2-3 A) which is then scanned
across the specimen. Any effect produced on the bean by interaction with matter is then detected and displayed as an intensity
variation on a synchroneously scanned T.V. display. In this
instrument the ordinary illumination condition is a large cone
angle. Images as well as diffraction patterns (especially convergent beam pattern) are also easily observable. Microdiffraction

Bend contours obtained
on abend crystal. 0 beam
intensity is varying
with the position. Patterns obtained around
symmetrical positions are
governed by electron
channeling,

- The convergent beam diffraction pattern obtained for a convergent incident beam. Only the
area United by the beam
on the specimen is diffracting.
o

from region as snail as !0 A can be recorded [33]In T M or STEM node nultibeam images (seve.al diffracted beams
are combined to form the image) give direct images of the projected
structure of the crystal if viewed along low index row. The present state of the art is United to a 2 A level but 1.2 A will be
possible in the near future on a few instruments. However in principle the diffraction pattern contains information on smaller details and much effort is at oresent applied to extracting this
information from convergent beam patterns.
r

o

STRUCTURE ANALYSIS
Some illustrative examples of structure analysis are now reviewed either in the diffraction or direct imaging mode. It must
be emphasized that dynamical scattering theories have been necessary to interpret correctly the experimental results. Furthermore
the high sensitivity of the dynamical conditions permits refined
analysis particularly of defects in crystalline structure.

L

Diffraction methods
Conventional methods of structural analysis by electron diffraction have been limited to polycrystalline samples or bent crystals. There has been little progress in this field since the work
of Vainshtein [1]. No real attempt has been made to calculate diffraction intensities by H-beam dynamical theories because of the
large number of parameters involved (thickness, orientation, crystallite size). Kineraatical or sometimes second-order approximation
of Bethe are often postulated. For randomly orientated crystallites
producing powder pattern special care is necessary to avoid non
systemacic interaction.
Localized_rnethod are, by far, much more fruitful. Convergent
beam methods offer great advantages over the conventional methods:
for an area limited to few hundred angstroms it is easy to control
the pertinent parameters. The resultant diffraction pattern is a
series of disc-like spot in each Bragg direction within which the
intensity distribution represents the variation of diffraction intensity with incident beam direction^ Thus these patterns contain
large amount of information recorded simultaneously. In contrast
to the kinematical case the symmetry information is not limited
by the Friedel's law and absolute symmetry determinations have
been made. This allows direct detection of structural polarity and
the distinctior. between centrosymmetry or non centrosymmetry
(Goodman and Lehmpfuhi [3^]). Complete space group determination
is then possible : when the convergent beam zone axis pattern is
taken on sufficiently thick specimen three dimensional interaction
occurs and all the elements of the space group can be determined
with one or two patterns (because of the upper layer interaction).
Useful information can be added from observation of Kikuchi
lines in convergent beam pattern. This represents an upper layer
interaction and provides additional space group information
(Rackham et al [35]).
Convergent baam pattern in a modern STEM is probably even
more interesting as coherence is preserved in all the diffraction
disc. The diffraction discs of very liraiLed region (down to 10 A)
will be sharply defined and as pointed out by Spence [36], will
overlap if the corresponding crystal lattice spacing is resolved.
The regions of overlap will have intensities varying with translation of the incident beam and with the relative phases of scattered beams. Such a method allows phase determination of all reflections in a zone within the resolution limit of the instrument.
The dynamical diffuse scattering is also commonly recorded
when studying high density of defects in a crystalline matrix. The
case of recording such diffuse scattering enables the study of

order-disorder, thermal motion, point defect ordering or charge
density waves even on very small specimens. In particular the
short range order (S.R.O.) has received much attention (D. Hatanabe
[37]). The diffuse scattering can be interpreted qualitatively by
kmematical considerations. However for quantitative purposes dynamical diffuse scattering must be taken into account. The most
commonly assumed model (Gjtfnnes [38]) is given by summing the amplitudes (or the intensities if there are no correlation) of the
diffuse scattering given by all the individual slices taken independently, in the multislice model. Diffuse scattering of individual defects (point defect and dislocation) has been calculated
by Fields and Cowley [39] using the periodic continuation construction and a full multislice method, but there are still no experimental results to take advantage of this elaborate analysis.
Imaging methods
The transmission of a perfect crystal for one particular beam
(either 0 or diffracted beam) varies with the angle of the incident
electron beam. This effect can be recorded in the imaging mode as
illustrated in fig. 5 and is called bend contour electron microscopy (Steeds et al [40]) : this method is limited to special specimen geometries but small magnification is needed so that they
are easy to obtain on ordinary electron microscopes. Images taken
with a high resolution electron microscope gives direct insight
in the projected structure as illustrated in fig. 6. Numerous
examples [5j are now available which show applications in various
fields : solid state physics, solid state chemistry, geology and
biology.
For a periodic struccure the image intensity is given by :
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where C is the spherical aberration of the objective lens and Az
the defocusing distance. All the art of the electron microscopist
is to minimize the effect of (16) by appropriate choice of the

defocusing distance so that the image will be very close to the
intensity at the specimen exit face. The conditions for which (16)
is stationary over a large range of g vector is the optimum focus
or Scherzer focus. The aperture function is introdu~ed as fluctuations (mainly due to energy spread at the emission) would anyway
not allow higher order g diffracted beans to interfere constructively with the central 0 bears. Depending on the gun, and on the
voltage this limit is actually between 1.5 A and 2 A. Thus the
number of Fourier coefficients is rather limited. From the intensity in the image (15), it is easy to deduce the phases of the
diffracted beams and this represents a great advantage over the
diffraction methods. It must be emphasized however that these phases are dynamical phases and have to be interpreted by the methods
already mentionned above [41] (see fig. 2 ) . For the optimum focus
direct interpretation of the iaage in terms of the projected potential is very often possible. However it must be checked carefully especially for small details by image matching with computer
simulations [42]. This is even more necessary for images of defects
in crystals : by careful image matching on trial structures it
should be actually possible to locate the atomic positions at a
0.3 A level [23]. An example of such a computer simulation is
given in fig. 7 for the detect experimentally observed in fig. 6.
INVESTIGATION CF THE "OPTICAL" POTENTIAL
Precise measurement of the "optical" potential seen by the
electrons or. a material is usually dene by two methods :
- Intensity measurement of diffracted beams on the convergent
beam pattern (precision usually of the order of 1 Z).
- The critical voltage method. This method consists of measuring the voltage at which two branches of the dispersion surface
touch one another. At this voltage there is an apparent vanishing
of the second order 3ragg reflection intensity and an associated
reversal of Kikuchi line contrast. The effect is very sensitive .
and allows a determination of some of the Fourier components of ;
the optical potential with a precision approaching 0.5 % [43]. On
a few cases [44, 45] (graphite, M0O3) experimental results were
compared with calculated values including bond redistribution of
electrons. Results on redistribution of electrons due to solid
state bonding effects were also deduced in Copper [46].
Intensity distribution of flux at the exit face of the specimen has been recorded in details by Hashimoto et al [47]. Fine
structure of the flux distribution, which is due to strong dynamical condition-, reproduces some of the Bloch waves bound to the
atomic strings. The txact flux distribution is very sensitive to
differences in the atomic number expecially for thick specimens.

Fig. 6 - High resolution direct
Fig. 7 - Computed image of a disimage of a dislocation
location in a germanium
in a germanium crystal
crystal. Dynamical raulas
viewed along [Oil]
tislice calculations
axis. 100 keV. Thickness
with 128 x 128 beans.
- 4 ris, defocusing dis100 keV ; thickness =
tance = - 80 nm.
2.5 nn defocusing distance = - 80 nm.
CONCLUSION
Although electron diffraction and imaging methods necessitate
elaborate dynamical theories for correct interpretation, they are
very complementary to the other structure analysis methods. The
dynamical scattering should be regarded as a sensitive tool for
exploring fine details either in the structural arrangement or in
the electron distribution in the crystal via the "optical" potential. A good understanding of the scattering and the elaborate
theory of the electron optics systems are now available and will
be more widely used in the future. But the domain where electron
multibeam diffraction offers a unique and definite advantage is .
the microlocalization. Structural details in high resolution TEM
are recorded at a scale comparable with the atomic distances so
that the core of defect is directly accessible and the new generation of STEM instruments will allow by microdiffraction to use
the signal coming from a few hundred atoms. The flexibility of
the actual instruments is also a great advantages as it allows
different detection signals to be used, and chemical analysis is
possible in addition to structural analysis.
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