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IHigh-resolution TEM-EELS

The most powerful method for chemicallanalysis on the
nanoscale Is electron energy loss spectroscopy (EELS)
N a scanning transmission electren micrescope (STEM).

Possibilities: Element analysis (compositien), coondination,
electronic structure, ...
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Atomic scattering
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Separation of the electrons

Elektronenschild
Gatan ENFINA 1000

YAG  Eiperoptik PEELS spectrometer;

Energy resoelution:
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Emtnttsblenden

Spreading of the electron beam due to the slightly
different kinetic energy of the electrons
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Electron Energy Loss spectrum

EEL spectrum; of silicon
[EELS Atlas]
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Intensity
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Element identification
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Energy loss (eV)

Example: silicon L, ;-edges of
amorphous silicen,
crystalline silicon and
silicon dioxide.

Intensity

110 120 130 140
Energy loss (eV)




S1/SIOx layers
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Superlattice with 2 nm Si/3 nm SiOx EELS in different layers

after RTA (1100 °C, 30 s) from
cooperation with BTU Cotthbus

High spatial and energy resolution Is indispensable
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Composition of mixtures of silicon phases
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Element quantification:
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Catalytically etchedi silicon
nanowires consist of perous silicon
applying centain parameters

Composition impertant for the
understanding ofi etch process

Multiple least squares fitting with
Spectra recorded at reference

samples
[Schade et al. APA 2009]

Reguirement ofi reference spectra
at the same thickness like the
sample

Problem: reference spectra of
silicon valence states Si*, Si**, ...



SI/SIO;, interface - silicon valences

But: Deviation to “real” spectra
s fine structure (ELNES)
s SUperpoesition of valence states
(spot size)
s guantity ofi scattering centers
(homogeneity: off atomic pillar)

2
wn
c
QU
-
=

Energy-loss, eV

Theoretical Si-L, ; edge at the SI/SIO, interface,
calculated by a combination of all-electron calculations
for the onset energy and density functional pseudo-
potential calculations within the Z + 1 approximation.
[Windl et al. 2004]
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Analysis of the composition ofi compounds

© Siranski—Krastanow: growth of Sii - xGex
Islands determined! by the incorperated

Glue Strain

©® Composition profile important for the
particular growth scenario

@ Strain distribution and different models

deviated from X-ray diffraction
[Hanke et al. 2004]

= Line scan

Island

Substrate

Germanium fraction X in a single Siz - xGex
Island derived from the integral intensity lce ()

as a function of the normalized height h (b).
[Schade et al. APL 2007]
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Plasmon energy less at defects

@ EELS analysis of {111} ¥3 and {112} ¥3/twin boundaries and their junctions
In phosphor-deped cast polycrystalline silicen at different temperatures.
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Plasmon-loss peaks and inner-shell edges of the EELS spectra acquired at areas around
the twin boundaries. [Kuchiwaki et al. 2008]
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Silicon band gap

@ EELS low loss spectra were recorded from pure Si and Ge crystals.
@ The spectra are then deconvoluted from elastic/quasi-elastic and! plural
scattering effects.
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Si and Ge experimental EEL spectra recorded with an energy dispersion of 0.02 eV/channel
(left picture). Si and Ge spectra in the energy range 0—8 eV calculated from the spectra in the
left picture. [Pantel et al. 2006]
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Cooperations within SINOVA

EELS characterization of SIO, as sul-steichiometric barrier material
2> HZE

Analyticall electron microscopy: at silicon nanestruciure absoerbers
2> 1HT EREE

EELS at amorphoeus silicon guantum structures
-2 IHT

EELS characterization! ofi the barrier materals Si;N,,, ONOand SiC
e | iF

Analytics at OES
HHIAERE

Diagnostics at doped nanodot-layers
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EELS investigations on light induced crystallization
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Milestones

24 36 Monate

Tests zur Prapar‘atmn EELS- Messrnutme und Simulation
I
Charaktensmrung von SIP{}S SRO u. verschiedener Barrierematerialien
1.1 Analytik an Absnrher— bzw. amorphen Si-Quantenstrukturen

2.1, 2.3, 5.1 Diagnnsiik an Nanodotschichten und OES

: : |
3 EELS-Diagnostik zur LIC

Low loss EELS
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