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Interaction of high energy (~kV) electrons with
(solid) materials-I|

Interaction with a thin specimen (TEM & STEM)
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The instruments and techniques

« |Stationary Electron Beam

-- TEM: CTEM SAD/BF/CDF/WBDF, HRTEM
-- AEM: CBED, NBD, EDS, EELS, and EFTEM

- Conventional TEM/ Selected Area Diffraction/ Centered DF/Weak Beam DF

- Convergent beam ED/ nano beam D/ energy dispersive spectroscopy/
Electron energy loss spectroscopy/ Energy filtered TEM

« |Scanning Electron Beam
-- STEM (BF, DF, and HAADF)

-- SEM (SEl, BEl) High-angle annular DF
-- SEM + WDS = EPMA

Wave length dispersive spectroscopy/ Electron probe micro-analyzer

« Modern TEMs are all capable of HR works, but for

some analytic works, attachments such as EDS and
EELS must be added.



AEM vs. Conventional TEM

(Differences in aimed signals)

« CTEM and HREM deal mainly with the
elastically scattered electrons.

« AEM deals mainly with the in-elastically
scattered electrons and their resulting X-
rays (by EELS or EDS) for the composition
determination. But elastically scattered
electrons are also collected to obtain
structural information (by STEM).



AEM vs. Conventional TEM
(Differences in Instrumentation)

Different illumination requirements: parallel illumination
for CTEM (and HRTEM) but conical illumination for

AEM

Different designs for the |objective lens|to match the
illumination system
With analytical attachments: EDS for characteristic X-

rays, EELS for in-elastic scattered electrons, and
annular detectors for incoherent elastic electrons.




Types of Information from TEM

* Image
« Structure
* Chemistry




Examples of TEM applications to
the characterization of Materials

Morphology (imaging)\: CTEM (BF,DF), HRETM,

and STEM (BF,DF, and HAADF)

Crystal Structure (diffraction): SAED, NBED, and

CBED

Chemistry: composition (EDS,EELS, and STEM

HAADF), chemical state (EELS)



Image and Diffraction

Incident Electron Beam

Magnetic
Lens

. -; Image
Diffraction Pattern = _ = _ = " (Selected diffraction
(Fourier transformation® _ = _ = planes)

of periodic object) * , = _*

. Diffraction occurs from the planes nearly parallel to the beam direction

A =2dsIn HB, where 98 < 0.5 degree



Bright-Field Image
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Bright Field Imageing
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Electron diffraction

« Diffraction pattern locates at the back focal plane of
the objective lens

Sample =

0 L] l{.-l -
Objective lens -

Back focal plane / //—“

Image plane / /




Diffraction in TEM

Bragg's law ( < 0.5 ° scattering angle )
All planes parallel to the incident beam
Uniqueness of the pattern

Structure determination

Confirmation by the Simulation



Diffraction with parallel illumination and conical
illumination

Parallel beams are focused at the back focal plane
Parallel illumination results sharp spots at the plane
Conical illumination results discs at the plane

“




Diffraction pattern
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Spot pattern

Single crystal within the illumination area
The regular arrangement of spots

Spot brightness relates to the structure factor
Spot position relates to the d-spacing
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Diffraction pattern
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Diffraction from crystals
= Fourier Transformation of real space

(Atom A with
scattering factor )

(Atom B with
scattering factor f;)

eal Space Fourier Transformation
(= Diffraction)



Diffraction pattern




Example 1: f.c.c
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Electron Diffraction Pattern--Spot to Ring
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200 keV electrons - TEM mode
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Ring pattern

« Many fine particles in the illumination area, each of them
Is a single crystal and orientated randomly




Diffraction from polycrystalline phase

100 nm
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« Typical polycrystalline Au diffraction pattern




Ring pattern: what can we obtain

« d-spacing
Rd,,, = LA
R: the measured ring radius
d.: the d-spacing being measured
L. camera length
/. wave length of electron beam
« Camera length calibration
« Crystalline / particle fineness
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Amorphous materials

Diffused ring pattern
Reflecting the short range ordered structure

Often seen at contamination layer or on carbon
support film




TEM results for Nd;,Zr;,Al,Co44 alloy

291 A

237 A, 299 A

2.40 A

SADP and Dark-field TEM image



Thickness Atomic number Orientation Defects

Scattering Scattering Diffraction Scattering
&
diffraction






Lens arrangement for viswing the INAGE OF A SFECIMEN Lens Arrangement for the Diffraction Fattern
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Diffraction pattern =2

Ring pattern2| Indexing
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Diffraction pattern &4

Kikuchi pattern
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Image formation in TEM

* Phase contrast
 Diffraction contrast

 Absorption contrast



Weak beam darkfield

« Lattice defects generate strain field, which forms
complicated image in normal brightfield image.

« WBDF reveals defect structure close to the core.

500 nm




Dislocation images







am)
-

o
O




