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® 1931 - Ernst Ruska, Max Knall
® 1936 - Otto Scherzer
® 1946 - James Hillier, E.G. Ramberg

® 1949 - Gabor Dénes

e 1998 - Harald Rose, Max Haider, K. Urban

® 2005 - elsd aberracio korrigalt mikroszkopok

-

“The electron microscope is not quite good enough,
] with the greatest care and effort, it can only resolve
about 10 angstroms. I would like to try and impress
upon you while I am talking about all of these things
on a small scale, the importance of improving the
electron microscope by a hundred times. It is not
impossible; it is not against the laws of diffraction of
the electron.”

Richard B Feynman
“There’s Plenty of Room at the Bottom”
Xll. 29. 1959

by Tom Harvey, 1962
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Aberration Symbol Value Symmetry N Wave aberration R(:--)
Beam /Image shift Ag complex 1 Apw
Defocus 4 real’ 0 % ClLww
Twofold astigmatism Ay complex 2 %A]IJQ
Second-order axial coma B complex 1 Bow?w
Threefold astigmatism Ao complex 3 %’Az—d}s
Third-order spherical aberration Ch real 0 %6’3 (w‘c&)z
Third-order star-aberration S3 complex 2 Ssw3w
Fourfold astigmatism As complex 4 %Ag&?“
Fourth-order axial coma By complex 1 Bayw3w?
Fourth-order three-lobe aberration Dy complex 3 Dy
Fivefold astigmatism Ay complex 5 %A4&75
Fifth-order spherical aberration Cs real 0 %05 (ww)?
Fifth-order star-aberration Sk complex 2 Sy wtin?
Fifth-order rosette aberration Rs complex 4 Rsw’@
Sixfold astigmatism As complex 6 -é-A5lTJ6
Sixth-order axial coma Bs complex 1 Bgwiw?
Sixth-order three-lobe aberration Dg complex 3 Degw’w?
Sixth-order pentacle aberration Fg complex 5 Fswbw
Sevenfold astigmatism Ag complex 7 %Aaaﬂ
Seventh-order spherical aberration Cr real 0 é—C"z (cuw)4
Seventh-order star-aberration S complex 2 S7w’ws
Seventh-order rosette aberration Ry complex 4 R7wbw2
Seventh-order chaplet aberration Gy complex 4 Grw e
Eightfold astigmatism Az complex 8 L A8
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Hubble space telescope
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Working on Hubble’s Main Mirror

Image Credit: NASA, 1990
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Aberration corrector using hexapoles and round lens

transfer doublet
H. Rose, M. Halider, K. Urban, ...

Mitglied der Helmholtz-Gemeinschaft

WL

1st order

2nd order

3rd order

2005

12



Mitglied der Helmholtz-Gemeinschaft

e-beam

sample

exit wave

— 7 | N | \TT/—

TEM

W

C000e0eo
C000e0eo
C000e0eo0o
0000000

C000e0eo0o
ANNNDNNNNNNN

A

aberr. correctorz

diffraction plane

CCD =

Scanning T

=M (STEM)

C

) aberr. corrector

0000000
0@0®0e0
0000000
0000000
0000000

focused
e-beam

sample

annular dark-field
detector

bright-field
detector or EELS

13



Mitglied der Helmholtz-Gemeinschaft

A TEM felbontas evolucioja

AIN

CM30-UT (1992)
300 kV FEG
no corrector

M. Lentzen

CM200-Cs (1998)
200 kV FEG
Cs corrector

Titan 80-300 (2005)
300 kV FEG
Cs corrector

PICO (2012)
300 kV X-FEG
Cc & Cs corrector

14



Mitglied der Helmholtz-Gemeinschaft

Incident

| Secondary
high-kV beam electrons (SE)

Backscattered

electrons (BSE) Characteristic
X-rays
Auger Visible
electrons \ / Light

‘Absorbed’ Electron-hole
electrons . puirs
/ N T Bremsstrahlung
Specimen X-rays
Elastically Inelastically
scattered Direct scattered
electrons Beam electrons

Williams, Carter: TEM, Springer
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Ferroelektromos domen PZT-ben
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C.L. Jia et al., Nature Materials 7 (2008) 57
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=> accuracy up to 4 pm

SNR = 0'2phasel 0'2noise =10

L. Houben et al., Ultramicroscopy 106 (2006) 200
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Crystal structure of YH2, ABF image, BF and ADF STEM images.
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Ishikawa etal Nature Materials 2011
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Atomi felbontasu EDX

FEI - ChemiSTEM technologia

filtered raw

FEI - ChemiSTEM
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Grafen

A. Geim, K. Novoselov
Nobel dij 2010

“miracle materia

 Elektron mobilitas ~ 2x10° cm?2V-1s™

* Young allandd

1 TPa (merevség) and szilardsag 130 GPa

* Magas hévezetés ~ 3000 W mK-'

* Magas optikai

abszorpcio

* Fenntarthatd magas aramsuriség

e Ellenallod

Knock-on damage of C ~ 86 kV
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U Kaiser, Proc. MC 2009
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Atom leképezés es analitika

CCD counts (a.u.)

280 290 300 310
Energy loss (eV)

|IOP physicsworld.com

Suenaga, Nature 2010
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;» Co nanokristalyok magneses tere

A Wei, R Dunin-Borkowski, T Kasama
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Magnetoszomak

holografia

M Pdsfai, R Dunin-Borkowski
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Osszefoglalasul

Egy modern TEM berendezés

e nagy felbontasu szerkezeti, dsszetételi, elektromos, magneses és kémiai
informaciokat kepes biztositani;

e clengedhetetlen része biologiai, kémiai, fizikai, nanotechnoldgiai, geologia
kutatasoknak;

¢ sajnos draga megvenni es fenntartani;

e specialis tudasu kutatokat igényel;
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—M-2 http://esteem?.eu

genteeme

european network for electron microscopy

pject Transnational-Access Outreach Contacts

Job opportunities
Workshops
Software
Intranet

Apply for access!

European network of transmission electron microscopy for
materials science
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