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o Imaging
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EDX

Introduction to EDX

N, 7,72
KIS
38 7

J lll."l"#'l'iz"'Q\\\\
MU I3 TS
WSS

v il
VUV VL, VUL

—11]
- \"lu /]
My Nucleus QA7 1/
NN Ss=

<

Williams, Carter: “Transmission Electron Microscopy - A Textbook for Materials Science”, Springer 2009

W. Hetaba (FHI, MPI-CEC) Analytical Electron Microscopy 10.11.2017 4 /23



escence Yield

® Vacuum
Ep
Incoming Ec Conduction
g £
Continuum states electron, N
Valence
Band
Atomic ;. @ @ @
energy Ep, ® ) By Ls
levels - B Ly
Fuy e o
! B, oo L
+ e
Ex [ ] O K Characteristic Incident
X-rays electron
Y beam
Nucleus Energy-loss (... 100keV)
electrons B 0. K
Energy-loss
electron
'
hell
Nacerce
i
10?
104
TPEnE R ERT B uSuuw D Ew s
tig B € O Neiy SIS r G 7o Ge Se Kr 5 7¢ MoRu Pd CdSn
u "% A T N G T
— Atomic number

Williams, Carter: “Transmission Electron Microscopy - A Textbook for Materials Science”, Springer 2009

W. Het. 4

(FHI, MPI-CEC) Analytical Electron Microscopy




Detectors

Incident beam

Upper objective
pole piece

Be window

Desired X-ray
collection angle Q

Specimen
e P!

Lower objective
pule piece

Collimator

Transmitted
Undesued electrons

X-ray
collection annle. ‘

Detector area, collection angle
SuperX (ChemiSTEM): 4 detectors

Williams, Carter: “Transmission Electron Microscopy - A Textbook for Materials Science”, Springer 2009

W. Hetaba (FHI, MPI-CEC) Analytical Electron Microscopy



Detectors
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Detectors

EDX Signal
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Qualitative Analysis

EDX-Spectra
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Qualitative Analysis
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Qualitative Analysis
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Qualitative Analysis

EDX-Maps

MAG: 1300KHV: 20f
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Qualitative Analysis
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Quantitative Analysis

°© Ca/Cg =kag-la/lB

@ kag ... Cliff-Lorimer factor

0o Ch+Cg=1

@ For thin specimen, absorption can be neglected

@ kap either measured using standards or calculated
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Quantitative Analysis

(-Factor Method

° pt=Ca-Ia/Ca

o Ca/Cg = (IaCa)/(IsCB)

@ (-factors either measured using standards or calculated
°

For both techniques absorption correction (ZAF) possible
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Electron Energy Loss Spectrometry
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Electron Energy Loss Spectrom
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Electron Energy Loss Spect

Williams, Carter: “Transmission Electron Microscopy - A Textbook for Materials Science”, Springer 2009
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Electron Energy Loss Spectrom
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Schaffer et al., Phys. Rev. B, 79, 041401(R), 2009
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Electron Energy Loss Spect
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Hetaba: The Theory and Application of Inelastic Coherence in the Electron Microscope, PhD Thesis, TU Wien 2015
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Classical Scattering Theory

o Elastic vs. inelastic scattering

o Differential scattering cross section do/dS2 to describe scattering

Elastic Scattering

@ Transfer of momentum
@ Transfer of kinetic energy

@ No change of internal energy of particle and target

Inelastic Scattering

@ Transfer of momentum
@ Transfer of energy

@ Internal energy of target changed
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vs. Inelastic Scattering

target
interaction AE[eV] | apparatus crystal atom electron
Bragg 10-% in el - -
phonon 0.01 in in el -
at. displacement > 10 in in el el
interband 1 in in in el
exciton < 10 in in in el
plasmon > 10 in in - el
jonization ~ 100 in in in el
Compton ~ 1000 in in in el

Schattschneider, Werner, Hébert: Lecture Notes “Electron Beam Techniques for Nanoanalysis”, TU Wien 2007
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Elastic Scattering

Classical scattering
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Elastic Scattering

Rutherford scattering
do/dQ = |f(q)I?

, f(q) ... scattering factor
f(q) proportional to FT[V(r)], V(r)... atomic potential
Coulomb potential yields Rutherford cross section:

do/dQ = , g = 2kosin(6/2)
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Elastic Scattering
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Egerton: Electron energy-loss spectroscopy in the electron microscope, Plenum Press 1996
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Elastic Scattering

Rutherford scattering
do/dQ = |£(q)P?

, (q) ... scattering factor
f(q) proportional to FT[V(r)], V(r)... atomic potential
Coulomb potential yields Rutherford cross section:

do/dQ = %, q = 2kosin(0/2)

@ Unscreended potential

o Overestimates elastic scattering at small 6 (large b)
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Elastic Scattering

Yukawa potential

Screened potential:

V(r) = (Ze/Amegr) exp(r/ro)

do _ 49222 1
dQ a3ky (62+63)?

Characteristic scattering angle: 6y = (koro)™*

Screening radius: rp = aoZ_l/3
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Elastic Scattering

® [mrad]

W. Hetaba (FHI, MPI-CEC)
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Elastic Scattering

Diffraction and channelling effects

@ Bragg scattering in crystals
@ Modifies scattering cross section

@ Channelling effects: redistribution of electron flux inside crystal

Elastic scattering changes probabilites for inelastic scattering
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Elastic Scattering

® [mrad]
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Elastic Scattering

Diffraction and channelling effects

@ Bragg scattering in crystals
@ Modifies scattering cross section

@ Channelling effects: redistribution of electron flux inside crystal

Elastic scattering changes probabilites for inelastic scattering
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Inelastic Scattering

Inelastic differential scattering cross section

do; _ 4y%°Z 1_ 1
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q* = k3 (0? + 0%)
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Inelastic Scattering
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Quantum Mechanical Description

Double differential scattering cross section
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Models for the DDSCS

Single pIane wave

Yir(r) =

(27r)3/2 explik; rr]

685259: Tf_‘tz P'Zfz |<f|e'QR ‘ >‘

Dynamic Form Factor (DFF):
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Models for the DDSCS

Superposition of plane waves
i) = a1 k1) + a2 [ka), |a1]? + |a2]® = 1

S8 = % ,.[’ 1179:S(Q, E) + a2 92 S(Q', E)+
+2%[aa;5%m5(Q,QQEﬂ]

Mixed Dynamic Form Factor (MDFF):
S(Q, Q' E) =32, X (fleOR)i) (ile~"@RIf) - 6 (B,

— Ejy — E)
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Models for the DDSCS
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Models for the DDSCS

Bloch waves

o 47 k ' 5x(Q,Q',E)
DEG = R Dx 2 N ,/,/ Xg,,g,,,/( )= 070m
/
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MDFF for Crystals

MDFF for Crystals
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Loffler: Study of real space wave functions with electron energy loss spectrometry, PhD Thesis, TU Wien 2013
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WIEN2k Simulations

Features of WIEN2k

@ Density Functional Theory, Kohn-Sham equation
@ Electronic properties of crystal

o Electron density
e Bandstructure
e DOS

e TELNES.3
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Density Functional Theory

Kohn-Sham equation

dreg ) |F— 1|

h2 2 = R R
= —— > Vi+ c p(r) d7 + Vie + Vext
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Calculated Spectra
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Hetaba: Fine Structure and Site Specific Energy Loss Spectra of NiO, Diploma Thesis, TU Wien 2011
Hetaba et al., Phys. Rev. B 85, 205108, 2012
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Applications
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Applications

Oxidation State
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Applications
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Egerton: Electron energy-loss spectroscopy in the electron microscope, Plenum Press 1996

W. Hetaba (FHI, MPI-CEC) Analytical Electron Microscopy 1.2017 20 /23



Applications
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Applications

states / eV

E - Ef [eV]

Hetaba: The Theory and Application of Inelastic Coherence in the Electron Microscope, PhD Thesis, TU Wien 2015
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Applications

Laue circle center position h=-0.25 k=0.25 |=-20

O+Ti 0 O+Ti o O+Ti

Hetaba: The Theory and Application of Inelastic Coherence in the Electron Microscope, PhD Thesis, TU Wien 2015

Hetaba et al., Micron 63, 15-19, 2014
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Applications

Intensity [arb. u.]

Energy Loss [eV]

Hetaba: The Theory and Application of Inelastic Coherence in the Electron Microscope, PhD Thesis, TU Wien 2015

Hetaba et al., Micron 63, 15-19, 2014
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Applications
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Hetaba: The Theory and Application of Inelastic Coherence in the Electron Microscope, PhD Thesis, TU Wien 2015

Hetaba et al., Micron 63, 15-19, 2014
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EDX and EELS complimentary techniques

Understanding of theory necessary for interpretation

Lots of different properties accessible

Analytical Electron Microscopy versatile tool
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Literature

Useful books (linked)

Analytical electron microscopy in general:

o Williams, Carter: Transmission Electron Micrsocopy - A Textbook for
Materials Science

Everything about EELS:
@ Egerton: Electron energy-loss spectroscopy in the electron microscope
Theory:

@ Schattschneider: Fundamentals of Inelastic Electron Scattering

@ Schattschneider: Linear and Chiral Dichroism in the Electron
Microscope
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Literature

Links to cited articles and EELS Databases

Schaffer et al., Phys. Rev. B, 79, 041401(R), 2009
Hetaba et al., Phys. Rev. B 85, 205108, 2012
Hetaba et al., Micron 63, 15-19, 2014

Demtroder: Experimentalphysik 1, Springer 2013
PhD thesis Loffler

PhD thesis Hetaba

EELS Database:
@ Gatan EELS.info, EELS-Atlas
o EELS Data Base

W. Hetaba (FHI, MPI-CEC) Analytical Electron Microscopy 10.11.2017 22 /23


https://journals.aps.org/prb/pdf/10.1103/PhysRevB.79.041401
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.85.205108
https://doi.org/10.1016/j.micron.2014.02.008
http://www.springer.com/de/book/9783662464144
http://repositum.tuwien.ac.at/obvutwhs/download/pdf/1636606?originalFilename=true
http://repositum.tuwien.ac.at/obvutwhs/download/pdf/1642836?originalFilename=true
http://www.eels.info
https://eelsdb.eu

Acknowledgments

M. Willinger

R. Farra

G. Algara-Siller

R. Schlogl

P. Schattschneider
o S. Loffler

e M. Stoger-Pollach
o A. Hiitten

W. Hetaba (FHI, MPI-CEC) Analytical Electron Microscopy 10.11.2017 23 /23



	Introduction
	EDX
	EELS
	Conclusion

