Figure 1. Energy-filtered CBED patterns recordedCfikV at the <110> zone axis of
Ni. The sample thickness increases from top toobatiNote how the centre of the
central disc remains bright at all thicknessesdative of a critical voltage.



Figure 2. {110} slices of bond charge density fay gilicon, (b) germanium, (c) diamond
reconstructed from CBED pattern matching. The ladkregions indicate from where
electron density has been moved into the yellowevtggions forming the atomic bond (taken

from Saunderst al. 1996).
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Figure 3. CBED pattern recorded from the [00015afirhombohedral LaAl©
Odd HOLZ rings (e.g. FOLZ) show one branch aridiogn scattering from only
oxygen atoms, even HOLZ rings (e.g. SOLZ) show namches arising from
scattering from separate strings of metal and axygems



Figure 4. Focussed large-angle CBED pattern ("fin@attern’) recorded from a
metastable Al-Ge phase. Annuli of HOLZ reflecti@me evident which were used to solve
the Al-Ge structure. Taken from Vincent and Exelb§93.



(b)

Figure 5. (a) An ‘inverse HOLZ’ pattern recordedrfran unknown phase of BiMaOrhe
crystal is tilted such that the Ewald sphere irgpts reflections in the ‘negative’ FOLZ layer
close to their Bragg condition. This enables detéin the FOLZ discs to be clearly seen,
such as the Gjonnes-Moodie lines, indicative oideglane in this case, arrowed in the inset.
(b) By setting up a hollow-cone illumination whasme angle is equal to the FOLZ radius, it
is possible to visualise a net of FOLZ reflectianshe centre of such a hollow cone pattern. In
this case we see the FOLZ reflections at a Si <Izblwe axis.
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Figure 6. (a) A schematic of the double-rockingaysproposed by Eades.
The upper coils enable an angular raster of thenlmrathe sample, the lower
coils compensate for the beam tilt to bring thenb&ack on axis. A STEM
BF detector is sued to acquire the beam intengjtyA( Eades double-rocked
pattern recorded from the <111> axis of Si. TakemfEades, 1980.
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Figure 7. (a) A block diagram of the double-coniwalking system to acquire
precession electron diffraction patterns such aotte shown in (b) recorded from
the [001 zone axis of KBe,0O;. Taken from Vincent and Midgley, 1994.
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Figure 8. The number of published articles relatm@ED as a function of publication
year. The popularity of the technique has increagedtly since precession apparatus
has become commercially available.



Figure 9. Diffraction patterns recorded from a skngb bismuth manganite, patterns are
recorded at several point around a precessioreadfchpproximately 13ilt. The diameter
of the Laue circle is twice the applied precessingle. The full PED pattern is shown in the
centre.
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Figure 10. A comparative ray diagram of (a) preiogsslectron diffraction showing the
central beam and one diffracted beam; and (b) LAGBEowing the central BF disc and
one diffracted beam stopped by the SA apertureeif flom Eggemast. al. 2010.
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Figure 11. DF 006 LACBED from Si with the integatipaths of two prececssion angles
shown. The larger (red) path will yield precessedrisities with less multi-beam
dynamical perturbation.
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Figure 12 diffraction patterns from orthorhombisrbiuth manganite with a) 0 mrad and
b) ~20 mrad precession applied. ZOLZ reflectioreslabelled with a red circle, FOLZ
reflections with a plain ‘X’. ‘HOLZ creep’ is mitigted by the non-overlapping reflections

in different Laue Zones.
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a b

Figure 13. Schematic diagram of the onset of systiermow excitation with precession

angle. Different azimuthal angles give rise to &pae circle of excited reflections, b)

systematic row excitation (indicated) in the Lauele. Adapted from Mornirolo and Ji
2009
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Figure 14 (a) A typical ‘knot’ of beam intensityeseon the specimen for a precessed
focussed beam. The ‘knot’ comes about through miyithe tilt coil electronics beyond
their specification. (b) and (c) Evidence of imgetfdescanning — the lower coils are not
balancing the upper coils and the CBED discs at@eidectly overlapped. Taken from
Sleight 1997.
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Figure 15 (a) Plot of the intensity of the kinernaliy forbidden (001) and (003)
reflections in andalusite as a function of preaessingle (taken from Cistaat. al. 2008).
(b) simluated intensity of kinematically forbiddesflections in silicon as a function of
precession angle (taken from Eggersaial. 2010).
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Figure 16. Comparison of the 004 intensity as fimncof sample thickness for silicon
(solid line) and the ‘randomised’ structure (dotlieé) with (a) 0 and (b) 50 mrad
precession angle (taken from Whéteal. 2010a).
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Figure 17. Correspondence plots between diffragtitensities from a silicon homometric
pair, as a function of thickness and precessioteamgth the most intense reflections
shown nearest the origin of the plots. High coroesience is seen at large precession

angles even for relatively thick samples. Takemfihiteet. al. 2010a.
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Figure 18. Average standard deviations of refletias a function of crystal thickness. 50
sets of random phases were simulated and the itiésrsveraged over, the number and
size of steps around the precession circle (praseangle is 36 mrad) included in the

simulations are indicated. Taken from Sinkler & k&2010.
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Figure 19. The modulus of the FOLZ conditional ®atbn map calculated for the [001]

FOLZ data seen in Figure 7b. The two peaks in tap oorrespond to Er-Er interatomic
vectors seen in the 36,07 [001] projection in (b). Adapted from Vincent & Naley, 1994.
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Figure 20. [0001] precession electron diffractiatt@rn from beryl. (b) The [0001]
projected structure of beryl. (¢) Calculated Faunap using the experimental
precession intensities in (a); and (d) the ideaylldeourier map using the same set of
reflections. Figures adapted from Sleight 1997.
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Figure 21. Structure solutions of the [010] praeiof GITO produced from (a)
precession electron diffraction intensities andogmventional electron diffraction
intensities. Figures adapted from Owtral. 2006a.
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Figure 22. (a) Schematic diagram of a charge-ftiglgorithm and (b) a representation
of the evolution of charge-flipped solution. Takesm Eggemaret al. 2009.
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Figure 23.CBED ZOLZ pattern recorded parallel tdl[Pof erbium pyrogermanate. GM lines
both horizontal and vertical together with rotadbaymmetry confirm the4gm plane-group
symmetry of this projection.
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Figure 24. (a) Schematic diagram of the symmetrdifreml charge-flipping algorithm. (b) a
representation of the evolution of charge-flippelilison after the introduction of projection
symmetry into the algorithm. Taken from Eggenaetal. 2009.
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Figure 25. [001] electron diffraction patterns of&s,0; recorded at precession
angles of (a) 0 mrad, (b) 20 mrad and (c) 47 mhagimulated kinematical
diffraction pattern is shown in (d). Figures fromgdgeman et. al. 2010.
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Figure 26. Structure solutions from [001] PED paiseof EkGe,O, recorded with

precession angles of (a) 0 mrad (resolution of @33, (b) 20mrad (0.499A) and

(c) 47mrad (0.718 A). The kinematical ideal solution at a resolutié®d18A is
included in (d) for comparison. Figures taken fieggemaret. al. 2010.
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Figure 27. (a) Phase residua}, Balculated from the structure solutions for aeseof
precessed diffraction patterns recorded at the][p@ie axis of EXGe,0;. The values
are the mean residual for five solutions for theipalar set of reflections, error bars
indicate the range of Rralues. (b) Unweighted intensity residualdalculated from
precessed electron diffraction patterns — sedoextetails. Figures taken from
Eggeman et. al. 2010.
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Figure 28. The relative order of the five kinemalli¢ strongest reflections in erbium
pyrogermanate, as a function of thickness, witlzéad and (b) 40 mrad precession
angle. Adapted from Barnard et. al. 2009.



Figure 29. A comparison of [001] electron diffractipatterns from a tetragonal inter-metallic
alloy phase AlFe. (a) SAD pattern, (b) precessed pattern witbgesion anglep = 2.35°. Taken
from Berget. al. 1998.
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Colour Symbol Orientation
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Figure 30. Precession diffraction patterns of AHMQg precipitates along the Al [110]
zone axis in (a), [112] in (c) and [332] in (e) vitorresponding indexing in (b), (d) and
(f), respectively. The table explains the symbaledito index the patterns and the

orientation of the precipitate phase with respec¢hée matrix (taken from Kvernelaetl
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al. 2006).
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Figure 31. Precession patterns ofPTirom (a) [001] and (b) [010] zone axis. Note i
of strong and weak reflections parallel @) and Kh0) indicating superstructures (c)
Proposed structure solution, ringed atoms indililedéy P vacancies (taken from Gemati
al. 2002).
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Figure 32. (a) micrograph showing primary tin paets and Sne(denoted A) and the
intermediate tin oxide phase growing from these (B)[001] zone axis precession
diffraction pattern and (c) detail from this pattefaken from Whitet al. 2010b.



Figure 33. (a) [001] zone-axis precession diffi@acipattern from MCM68 and (b) the
resulting structure solved from the diffractiontpat. Taken from Dorset. al. 2007.
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Figure 34 a) Experimental PED pattern recordedllgata the [011] zone-axis of copper
phosphonoacetate. b) potential map recovered fnenexperimental diffraction intensities and c)
the potential map of the ideal structure with teavy atoms sites labelled. Adapted from Bithell

etal. 2010

34



Figure 35. Precession electron diffraction pattémms (a) aspirin, taken from
Nicolopoulis 2007, and (b) sildenafil citrate.
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Figure 36. Sets of precession patterns taken frammaihs of twinned LaGaQ The

patterns from domain A are located around the<fre axis and from B around
the <101> zone axis, along mirrors and pseudo-mgirfeour equivalent indices
(A—A, and B-B,) are given for each of the patterns. Taken frosb. dil. 2009.



Figure 37. a) Reciprocal space wedge of Baiir@@onstructed from a PED tilt series and
shown projected along the [010]* direction, b) msture solved from the experimental
ADT data, the solid atoms are overlaid to indidagecorrect atomic positions, in this
structure the c-direction is horizontal and theraafion is vertical. Taken from Mugnaioli

et al. 200¢
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Figure 38. a) Sample diffraction pattern form atdity sampled precession circle with
experimentally recovered rocking curves for b) @) @&nd c) (19 19 0) reflections. Taken
from Zhanget al. 2010b



Figure 39. Orientation maps and typical diffractmatterns recorded using no precession (a and b
respectively) and those recorded using “pr@cession (c and d respectively). Taken from Moec
etal. 2011
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Table 1. Correction (Lorentz) factors for precesstectron diffraction intensities.

Note that@ is the azimuthal angle around the precessionegircl

5,(6) =

g% - 2k¢g cosd

2k

and sgﬁ = |2 -

iz . Adapted from Own 2005.
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