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Analytical TEM: Electron Intensity Distribution
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Inelastic Scattering, low energy losses:

phonon and plasmon excitation
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Inelastic Scattering: Inner Shell Excitation
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Schematical Energy Loss Spectrum
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Inelastic Scattering: Solid State Model
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HR-ELNES Mitterbauer, Kothleitner & Hofer, Ultramicroscopy
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EELS vs. EDX

EELS EDX
Count rate high low
Background high low
Quantification tricky easy
Mapping fast slow
Spatial res. atoms columns

Bonding info  yes no
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Energy Loss Spectrometer
(magnetic prism)
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The Omega Energy Filter
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elemental distribution images
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Optical elements of Gatan post-column filters
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The Gatan Imaging Filter

Meodels: GIF 2000 series, new GIF Tridiem



Wien Filter Monochromator

gun lens
monochr. aperture
monochr

2 crossed fields perpendicular to each other

slit
Two forces act on the particles:
Fe = qE, electrostatic field C1
Fg = qvB, magnetic field
For electron moving with v and E c2
parallel to optic axis the forces are balanced
and the electron travels straight

MC
Any other electron travelling with different v Obj

or at some angle to the axis execute a clycloidal motion Excitation=2.3



What is the best way to water flowers?




HAADF - STEM Imaging
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Example: individual Sb atoms in doped Si
Voyles, Muller and Kirkland, Microsc. Microanal. 10 (2004)



High Resolution Z-Contrast Imaging
Mn-Doped GB 1n SrTi0O;

@ full Sr column
@ half filled Sr column

T T T IR -‘ = e full Ti - O column
G. Duscher, Solid State Division, ORNL ® half filled Ti - O column



Atomic Column Resolved EELS
at SrT105 36.7° Grain Boundary

Doped with Mn

Intensity (arb.units)
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Electronic Band Structure

Energy Level Diagram
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Energy Loss Near Edge Structure (ELNES)

Energy Level Diagram
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ELNES-Interpretation

(one electron approximation)

1) Fermi's Golden Rule:

I(E) ~ [M(E)*N(E)

2) Dipole selection rule:

o =°1

3) Momentum resolved spectroscopy:
\ %

o o
q =g, t0.
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TiO, - Polymorphs

(F. Hofer, TU Graz)
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Molecular Orbital (MO) Term Scheme

Example: Ti o)
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Tsutsumi et al., Phys. Rev. B, 15 (1977) 4638
Leapman et al & Grunes 1983, 1984
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458.1 eV

| BaTiO,:
Ti in octahedral
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grain boundary

grain boundary

b (Burgers vector)

»
»
»
E D .
.
. »
»




HAADF+Sr+Ti

HAADF (51)

A EDX: Extra Ti-intensity at the tensional side of the dislocation

A HAADF: altered coordination at tensional side
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Core Structure PICO@80kV

d)a 0.39nm

EDX: Extra Ti-intensity confirms the presence of the FCC TiO
phase at the tensional side of the dislocation cores

A Result of strain energy (lattice constant of FCC TiO: 0.42 nm,
SrTiO5: 0.39 nm).

Edge-sharing TiOzoctahedra associated with the FCC & 0-42 nm RWIHACHE
TiO phase at the tensional side of the dislocation cores #) J0LICH

RRRRRRRRRRRRRRRRR



Intensity (a.u.)

Energy loss near edge fine structure
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Valence/Bonding state mapping

1 nm Bulk Core Sum

Reduction of Ti-valency state makes dislocation rwm
core electrically active! ) JULICH

FORSCHUNGSZENTRUM




Analytical TEM: Electron Intensity Distribution
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Energy Filtering TEM vs. STEM

specimen

Image mode: | = |(x,y,AE)
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