chapter 4

Kinematic and Dynamic Theory
(Chapter 11, 13,18)

For interpretation of intensities in diffraction
pattern, single scattering would be ideal
- i.e."kinematical” scattering

However, in electron diffraction there is
often multiple elastic scattering:
i.e.“dynamical” behaviour
(Chapter 11, 13,18, 24)

This dynamical scattering has a high
probability because a Bragg-scattered beam
is at the perfect angle to be Bragg-scattered

again (and again...)

As a result, scattering of different beams
is not independent from each other

(Chapter 26)
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Double diffraction (Chapter 18)

Special type of multiple elastic scattering: diffracted beam
travelling through a crystal is rediffracted

Example |: rediffraction in different crystal - NiO being reduced to Ni in-situ in TEM
Epitaxial relationship between the two FCC structures (NiO:a = 0.42 nm Ni:a = 0.37 nm)

NiO [110]

200
1M1 ¢
® 022

000 71

T =400°C T=480°C .
t=0min — t =75 MIN [ ————— t=115 min

T=250°C

10nm~] 10nm-]

Formation of satellite spots around Bragg reflections



Double diffraction (Chapter 18)

Example |l: rediffraction in the same crystal; appearance of forbidden reflections
Example of silicon; from symmetry of the structure {2 0 0} reflections should be absent

However, normally see them because of double diffraction

Simulate diffraction pattern
on [| | 0] zone axis:




Double Diffraction (Chapter 18)
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4.2 Kinematic Contrast

- mass/ thickness contrast
- Bragg (orientation) contrast

Bright Field Dark Field




Mass contrast, thickness_fringe and orientation contrast
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Excitation error

0.<0,
Trace of the (hkl) lattice planes
close to the Bragg position .t Specimen
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Tilted slightly off Bragg condition, intensity of diffraction spot much lower

G

Introduce new vector s - “the excitation error’ that measures deviation from
exact Bragg condition
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4.2.1 Thickness Fringe
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(111) Thickness Fringes

NS5 ealE an etch pit in a Ge sample
which i1s the usual inverted

pyramid with {111} planes
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4.2.2 Mass Contrast
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4.2.3 Bend Contours (Bragg contrast)
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e 4.3 BET-LENTE) I

(Dynamic Diffraction Theory)

(Chapter 13)

Strain Contrast
(defects: dislocation, interface, stacking fault)
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Perfect dislocation 5t -7 5F 7 %57 Truth Table fcce

g
b 200 | 020 | 1-11 |-1-11
ij »B[110] | 1 1 0 -1
(
A wl101] | 1 0 1 0
‘| w1101 | 0 1 0 0
“| wlo11] | 1 -1 1 0
»B[10-1]| 1 0 0 -1
»B01-1]| O 1 1 -1
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ark field and Weak beam

Weak beam




Examples of Internal Planar Defects

Upper
arain v
n 0
A ) Lower
arain
Planar
defect Structure Example Example
SF Diamond-cubic, fcc, Cu, Ag, Si, GaAs = 3[111] or
zinc blende R = 3[112]
APB/IDB Zinc blende, wurtzite GaAs, AIN Inversion
APB CsCl NiAl R=3{111]
APB/SF  Spinel MgAl,O, R =1[110]
GB All materials Often denoted by * where £ is the fraction of Rotation plus R
coincident lattice sites
PB Any two different Sometimes denoted by X4,X> which are not Rotation plus R plus
materials equal misfit
RB Extra translation {112} Twin boundary in Al R not related to lattice
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At the bottom surface: the contrast in BF
and DF are complementary

111
LLLA] P“” At the top surface: the contrast in BF and
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OTHER TRANSLATIONS: t AND 0 FRINGES
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APBsin T102

D@
R=1[101]
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APBs in TiO»
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APB (or IDB) of GaAs




Examples of Special Phase Boundaries

Boundary

Example of material

Features

Ferromagnetic domain
boundaries

Ferroelectric and
piezoelectric
boundaries

Composition boundary

Structure boundaries

Composition/structure

NiO

BaTiO3

GaAs/AlGaAs

2-SIC/B-SiC
hep-Co/fec-Co
NB/AI,O5
Al/Cu
a-Fe/FesC

Small tetragonal
distortion

Cg Is different on two
sides of boundary,
even for perfect
lattice matching
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The ferroelectric material NiO undergoes a structural
change from cubic to distorted rhombohedral at the Curie temperature.
Although the distortion in the rhombohedral structure i1s very small, it
does cause a detectable rotation of the lattice planes that results in the 6
fringes in the image.
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FIGURE 26.21. Steps at interfaces may also cause diffraction contrast
when associated with strain. In this Ge specimen, the steps displace the
thickness fringes in the GB so they arereadily visible. The fringe spacing is
different at the top and bottom of the boundary because the diffraction
conditions are different at each grain.
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Dislocation in 213 Grain Boundary of Zn
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