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Analytical Electron Microscopy
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Analytical Electron Mlcroscopy
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Analytical Electron Microscopy
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Analytical Electron Microscopy
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Analytical Electron Microscopy
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Electron Diffraction Selected Area Electron Diffraction (SAED)
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Electron Diffraction
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Electron Diffraction SAED
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Electron Diffraction
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Electron Diffraction Kikuchi lines
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Electron Diffraction
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Imaging Diffraction contrast

Applications

l incident

electrons
[0o1]
(o]e])
precipitate
I > [010]
\i: (010)
\
(100)
[l00]

} Dipartimento di Ingegneria Industriale
g/l(figD Trento Universita di Trento




Diffraction contrast
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Imaging
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Imaging

Bright Field — Dark Field
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Imaging Diffraction contrast
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Spectroscopies
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Spectroscopies EDXS
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Spectroscopies EDXS
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Spectroscopies
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Spectroscopies
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Spectroscopies
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Spectroscopies EDXS
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Spectroscopies
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Spectroscopies

Qualitative analysis
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Spectroscopies

Qualitative analysis
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Spectroscopies
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Spectroscopies EDXS
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Spectroscopies EDXS

Spuroius peaks - Detector

5 Pile-up peaks

Fekp

INTENSITY(CPS)
10°

FeRd+FeK/@

10?

10

Bl v

6.0 10.0 14.0
EMISSION ENERGIES(KY)

18.0

MAUD - Trento Dipartimento di Ingegneria Industriale
2015 Universita di Trento




Spectroscopies

MAUD - Trento
2015

EDXS

Spurious signals - Microscope

Incident beam

Desired
X-rays

Contmuum/

fluoresced
spurious
X-rays Scattered
electrons
Back-scattered .
Anti-contam

electrons
fie=——————x}

Lower
pole
piece

Direct electron beam

Upper

pole

piece ( SPU“
& X -rays

ous

Anti-contaminator
Back-scattered electrons

Specimen-

/ generated
continuum

Dipartimento di Ingegneria Industriale
Universita di Trento




Spectroscopies
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Spurious signals - Microscope
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Spectroscopies
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Spectroscopies

Extra signals

EDXS
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Reese, GM, Spence, JCH and Yamamoto,N.; Coherent
Bremsstrahlung from Kilovolt Electrons in Zone Axis Orientations

Phil. Mag. A 49 697—716 (1984).
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Spectroscopies EDXS

Test strategy

Instrumental parameters:

Channel width: 10 eV/ch or better

Time constant: generally better low values to maximise count rate

Multichannel energy resolution: to be periodically checked.

Critical parameters:
Spectrometer resolution
Calibration of the energy range

Maximum output count rate

MAUD - Trento Dipartimento di Ingegneria Industriale
2015 Universita di Trento




Spectroscopies

Quantitative analysis
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Spectroscopies

Quantitative analysis

EDXS

K, for bulk/thick samples depends on:

-Atomic number
-X-ray absorption
-X-ray secondary fluorescence

Thin sample(foil) criterion:

MAUD - Trento
2015

Dipartimento di Ingegneria Industriale
Universita di Trento




Spectroscopies

Quantitative analysis

CLIFF-LORIMER equation:

CA

B

K

N
il

B

EDXS

EDXS quantitative analysis is usually quite
straightforward in a TEM (thin-film approximation)

MAUD - Trento
2015
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Spectroscopies EDXS

Quantitative analysis

How to decide if the above approximationis valid!?
When the bremsstralung X-rays are not absorbed in the specimen.

DAEDAX32\MTHIN{201 #Amicrostrutture}2014-11-141CuMn003_foto4_spot2.spc
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Spectroscopies EDXS
Quantitative analysis

Step by step gquantitative analysis — Standard approach
1. Verify thin sample approximation

2. Acquire standard sample spectrum/a
3. Measure |, Ig, Ig,....

4. Evaluate K,g, Kgc, ...

5. Acquire sample spectrum/a

6. Measure l,, Ig, Ig,...

/. Evaluate C,,Cg, C,...

MAUD - Trento _ _ . Dipartimento di Ingegneria Industriale
2015 TEM. A Textbook for Materials Scince, 2nd ed. William & Carter (2006) Universita di Trento




Spectroscopies

Quantitative analysis
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Spectroscopies

MAUD - Trento
2015

Determination of K,g

More accurate results

2) First principles calculation
Quick

Less reliable results

TEM. A Textbook for Materials Science, 2nd ed. William & Carter (2006)

EDXS

1) Experimental determination, using standard samples
Time spending

Dipartimento di Ingegneria Industriale
Universita di Trento




Spectroscopies Electron Energy-Loss Spectroscopy (EELS)

EELS —vs ~EDXS

ﬂ— Incident Beam

Auger Electrons

Cathodoluminescence

Absorbed Electrons

- Transmitted Electrons
Bragg Diffracted Electrons

|
&— Energy Loss Electrons
|

Y

* Inelastic interaction “products”
- Interband transitions (few eV)
- Plasmons (10 eV)
- Phonons (102 eV)
- Core electron excitation
Characteristic X-rays (E>102 eV up to E>10% eV)
Energy loss electrons (102 eV (range) < E <104 eV (range))
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Spectroscopies EELS

EELS —vs - EDXS
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Spectroscopies

spectrometer
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aperture
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Spectroscopies

A
! Specimen
<—¥— Objective
Intermediate lens 1
Diff. patt.
Image

Q-filter
A

\Sextupole
lens

CCD camera

Instrumentation

EELS

1 To projector lens crossover

Alignment coils

Magnetic prism

object plane of spectrometer

Viewing screen

Entrance apertures

CCD

{Qnadrupoles detector

R
S1 S283 S4 S5 S6

Sextupoles

(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.
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Spectroscopies EELS

Spectrum components
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Spectroscopies

Quantification
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Spectroscopies EELS

Fine structure
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Spectroscopies EELS

Imaging & mapping
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Spectroscopies EELS

0
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