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Transmission electron
microscopy (TEM)

Levels of investigation of structures

• Atomic level (X-ray diffraction XRD, 

transmission electron microscope TEM, 

atomic force microscope AFM)

• Microstructure (scanning electron

microscope SEM, X-ray spectroscopy)

• Macrostructure (classical metallography –

„materialography”, non-destructive

methods)

Resolution

Ernst Abbe

1840 - 1905
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Trasmission electron microscope 

(TEM)
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100 keV electron energy: =3,89 pm, theoretical 

resolution d=1,95 pm → atomic resolution!

Thermoemission electron gun

Emission current vs. heating current

emission
current

first maxima heating current

saturation
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Electromagnetic lenses

• Lorentz-törvény:
)( BvEqF +−=

coil

Electromagnetic lenses

• Lorentz-law: )( BvEqF +−=

Focus and rotation

Fókusztávolság:
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Operating modes of TEM

• Image formation (grains, grain boundaries, 

crystal defects, dislocations, precipitations, 

inhomogenities)

• Electron diffraction (crystal structure, 

crystallographic orientation)

Operating modes

specimen

objective lens

diffraction plane

image

Projecting system
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Bright Field, BF inage

Specimen 

(with reflecting planes)

objective aperture

Dark Field, DF image

Centered Dark Field, DF image
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Bright field images

Bright field images

Dislocations

Deformált AISI 316-os 

ausztenites acél, 

diszlokációk az (111) 

síkon.
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Dislocations

Deformált platina 

kristály.

Dislocations

Diszlokációk egy 

rozsdamentes acél 

kiválásában.

Misfit-dislocation

19

20

21



2021. 09. 16.

8

Dislocations

Csavardiszlokációk mászással hurkokat hoznak létre

Thickness contour

Dislocations

Ni-bázisú szuperötvözet diszlokációs szerkezete
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HRTEM

Szemcsehatár

HRTEM

Vegyületfélvezető rétegek

HRTEM

Fe-Pt mágneses nanorészecske
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Frank-Read source

Frank-Read source

  

Dislocation structure
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Electron diffraction 

Sample preparation

• Thin foils are needed

• dmax=100 nm!

• Electrolithic etching

• Uncertain area of investigation

• Ionic bombardment
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