








• Factors limiting resolution in TEM
– Optics
– Signal-to-Noise Ratio
– Radiation damage

• Cs correction
– What is it?
– What do we have out of it?

• Application examples
– (Dy@C82)@SWNT
– Monoatomic carbon chains
– Fullerene formation
– Carbon nanoribbons
– High resolution tomography
– Visualization of chemical bond









Aberrations of round static space-
charge-free electromagnetic lenses 

are unavoidable and their 
coefficients are always positive.

Scherzer O, Über einige Fehler von Elektronenlinsen. Z. Phys. 101 (1936) 593-603
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Typical values: 

Cs = 0.5 - 2.5 mm
 

  5-10 mrad

NAo ~ 0.01

HT [kV]   [nm] do [nm]
1500 0.0006 0.084
400 0.0016 0.171
300 0.0020 0.196
200 0.0025 0.235
100 0.0037 0.315
80 0.0042 0.345
60 0.0049 0.387
40 0.0060 0.454
20 0.0086 0.592
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Contrast 100 1000 10000 100000 1000000

Au 0.18 5.47 1.73 0.55 0.17 0.05

Fe 0.08 12.75 4.03 1.28 0.40 0.13

Si 0.05 19.95 6.31 2.00 0.63 0.20

C 0.03 32.85 10.39 3.28 1.04 0.33

HT ‐ 300kV, instrumental resolution ‐ 0.1 nm

Electron dose [e‐/nm2]

Noise limited resolution [nm]

Au Fe Si C

1000 e-/nm2

10 000 e-/nm2

100 000 e-/nm2

1 000 000 e-/nm2

 



• ionisation



• ionisation
• heating



• ionisation
• heating
• knock-on damage
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Aberrations of round static space-charge-free electromagnetic lenses 
are unavoidable and their coefficients are always positive.

Scherzer, 1947, Optik 2, 114
Seeliger, 1949, Optik 5, 490
Rose, 1990, Optik 85, 19
Haider et al. 1998, Nature 392, 768
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Si 4H-SiC Si3N4

0.135nm

0.109nm 0.09nm



HT [kV]   [nm] do [nm]
1500 0.0006 0.084
400 0.0016 0.171
300 0.0020 0.196
200 0.0025 0.235
100 0.0037 0.315
80 0.0042 0.345
60 0.0049 0.387
40 0.0060 0.454
20 0.0086 0.592

0.05

0.1

• instrumental resolution increase

• possibility to decrease HT

• contrast increase

• dose decrease



Cs 1.4 mm Cs 5 μ
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