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(A) Ray paths through the Q filter system inserted in the imaging lens system of the LEO TEM. (B) The Gatan Imaging Filter attached
to the TEM column after the imaging lenses, in the same position as a PEELS.



Filtrovany obraz — pouziti v obrazovém 1 difrakénim modu
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(A) Experimental CBED two-beam pattern (000 and

220) from a Si specimen, 270 nm thick. (B) The same pattern energy-fil-
tered using the Zeiss Q filter with an 8-eV window revealing the K-M
fringes useful for thickness determination. (C) Densitometer traces across
the 220 diffraction disk, unfiltered (above) and filtered (below).



EELS — spektrum a/nebo filtrovany obraz
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Spektrum EELS a vvhodnoceni tloust’ky vzorku
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Definition of the zero-loss intensity I, the total intensity
L;, and the low-loss (/) intensity required for thickness determination.

Dominantni piky ve spektru:
» pik u AE=0 (zero loss peak)
* plasmonovy pik (zde u 15eV)

Intenzita plasmonového piku
roste s tloust’kou vzorku a plati

A ... stredni volna draha



Spektrum EELS a vyhodnoceni obsahu prvku
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A Ni L, , edge before and after background subtraction.

The fit region before the unprocessed edge is extrapolated to give the esti-

mated background, which is then removed, leaving the background-
subtracted edge.

pozadi se urCuje z useku
pied hranou prvku:
fituje se nejCastéji jako
A(AE)™

(U tlustsich vzorka se nejdiive provadi dekonvoluce s plasmonovym pikem.)



Krom¢ samotného poctu pulzi lze porovnavat I tvar spektra za
hranou, ktery vypovida o povaze vazby atomu (o jeho okoli):

EXELFS ... Extended X-ray edge Electron Loss Fine Structure
ELNES ... Electron Loss Near Edge Structure
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Intensity (arb. units)
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,,FINgerprints”: porovnavani namétenych spekter EELS s vypoétenymi nebo

zmérenymi na jednodusSich slouceninach nebo na standardech.
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FeO vs. Fe;0,
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0 EELS a obrazy tvorené elektrony z tizkych
a s Intervali energie (E-AE, E-AE+dE)




Elastické interakce:

U¢inny prifez elastické interakce s jadrem atomu stinénym okolnimi elektrony
je
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E je energie v keV, Z je atomove Cislo, a(Z,E) popisuje stinéni.
A

N o0

A je atomova hmotnost (g/mol), p je hustota.

Stfedni volna drdha elektronu je A =

Statisticka pravdépodobnost drahy s mezi dvéma srazkami je P(S) = eXp(— s/A)
Rozd€leni uhlovych odchylek je dano diferencidlnim Gu¢innym prutfezem
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Kromé¢ uvedeného tzv. ,,single scattering* modelu elastické interakce existuje
| mén¢ presny ale rychlejsi tzv. ,,plural scattering™ model, ktery statisticky
praméruje vice elastickych interakei v jednom kroku.

Inelastické interakce:

Zahrnuji Sirokou Skalu procesti. Zapocitavaji
se v simulaci jako plynulé snizovani energie
E umérné délce urazené trajektorie (s):

Lo —27e*N, Zp In (—1'166Ej
ds AE J

J=3(2)

J ... stfedni 1onizacni potencial
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U slitin/sloucenin se pocita s vazenym prumeérem Z.



Srovnani citlivostt WDX a EDX:
WDX: rozliseni jednotky eV (EDX ~140 eV)
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A WDS spectrum from BaTiO,, but plotted against en-
ergy rather than wavelength. WDS easily resolves the Ba L /Ti K over-
lap, which is impossible with an EDS as shown in the overlapping spec-
trum. The improved resolution of WDS (~8 eV) is obvious.
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Figure 6.7. Energy level diagram for an atom. The energy of the atom increases upon ioniza-
tion of the K, L, M, or N shell (excitation). As the atom’s energy returns to normal, K«, KB,
Lo, and M« x-rays are emitted from the atom. Each horizontal line represents the energy of an

Figire 6.9. Electron transitions in the atom that give rise to M-series, L-series, and K -series x-rays. By reference to a table

el t rest with no electrons missing (normal).
ectron state. Zero b represents S © g ( ) of atomic energy levels, the x-ray energy of each photon shown can be calculated as the difference between the associated energy
levels (Woldseth, 1973).




