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Max Knoll

Ernst Ruska

Invention of the Transmission Electron Microscope

1932, TU Berlin
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Magnetic Lens for Electrons

Glaser's “Glockenfeld”
bell-shaped,
axial magnetic 
field

Focal plane

Image plane
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Otto Scherzer:   Z. f. Physik 101 (1936), 593-603.

Prof. Otto Scherzer
(TU Darmstadt)
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Path deviation of the charged particle:

Otto Scherzer:   Z. f. Physik 101 (1936), 593-603.

Prof. Otto Scherzer
(TU Darmstadt)
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Gaussian
image plane

spherical aberration

Object
plane

Imaging by a lens

chromatic aberration
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• violation of rotational symmetry

• space charge lenses

• high-frequency lenses

Otto Scherzer:   Optik 2 (1947), 114-132.

Prof. Otto Scherzer
(TU Darmstadt)
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CC- and CS-correction

at Uni Darmstadt

(Scherzer & Rose)

The Darmstadt project:   1974-1982

60kV test column
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H. Rose, Optik 34 (1971) 284.
„Elektronenoptische Aplanate“

Theory Experiment

The Darmstadt project:   1974-1982
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2 eV

130 eV

Proof of principle of CC-correction (1980)
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Darmstadt 1980
CC-CS-corrector
Scherzer & Rose

CEOS museum

Aberration correction was
successfully shown in principle
but did not improve
the image resolution
of the electron microscope.

- lack of precision machining
- lack of stability
- lack of aberration measurement
- ...

No more funding ...
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...until in 1990 …
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1997: Breakthrough in CS-correction for TEM

Philips CM200

Prof. Max Haider
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impact of Cs, Cc and diffraction limit

uncorrected

Cs-corrected

Resolution vs. optical aperture

Rayleigh criterion

Chromatic aberration

Spherical aberration

rd

Resolution

rc

rs
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a) Decrease wave length λ
→increase electron energy E

b) Increase optical aperture α
→ stronger impact of aberrations

Improving resolution

Rayleigh criterion

Chromatic aberration

Spherical aberration

rd

Resolution
Optimize diffraction limit:

rc

rs
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a) Larger electron energy E
(increase high tension)

b) Monochromator/Gun: dE

c) C
C
-corrector

Improving resolution

Rayleigh criterion

Chromatic aberration

Spherical aberration

rd

Resolution
Reduce the effect
 of chromatic aberration:

rc

rs
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a) C
S
-corrector

Improving resolution

Rayleigh criterion

Chromatic aberration

Spherical aberration

rd

Resolution

rc

rs

Reduce the effect 
 of spherical aberration
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Quadrupoles and octupoles
Two hexapoles
Electron mirror

Milestones in CC- and CS-correction

- 1936 … Scherzer's theorem
- 1947 … Scherzer proposed multipole corrector
- 1960's … Deltrap's corrector for STEM (UK)
- 1970's … Darmstadt corrector (Germany)
- 1970's/80's … Crewe et al. (Chicago, U.S.)

Zach & Haider (LVSEM) CS & CC 1990 - 1995

Haider et al.      (TEM) CS 1992 - 1997

Krivanek et al.    (STEM) CS 1995 - 1998

Schmidt et al.     (LEEM/PEEM) CS & CC 1995 - 2006

First successful attempts: (resolution improvements)
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Aim of aberration 
correction …

open up the aperture

Better and better
correctors for
more and more
aberrations!

uncorrected

Cs-corrected

Resolution vs. optical aperture

impact of Cs, Cc and diffraction limit
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Electron optical elements
and aberrations
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ideal lens

Lens aberrations
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Lens aberrations: Spherical aberration 

c

aberrated lens

delocalization

θ

δ
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Lens aberrations: Spherical aberration 

c

phase plate

with

delocalization:

χ=2 π
λ ⋅
C3

4
θ  4exp {−iχ }

δ  =∇ χ
2π

 =  C3  ⋅θ 3δ

aberrated lens
θ
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Dipoles – deflecting elements: x-section

α ~ B ~ Icoil

Basic Electron Optical Elements
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Dipoles – deflecting elements: x-section

Basic Electron Optical Elements
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Quadrupoles – Stigmators

Basic Electron Optical Elements
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short
hexapole

Hexapoles – 3-fold Stigmators

Basic Electron Optical Elements
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for electron lenses
using hexapoles
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Aberration correction by means of hexapoles
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Aberration correction by means of hexapoles
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short
hexapole

Aberration correction by means of hexapoles

2nd order aberration
(three-fold astigmatism)
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extended
hexapole

Aberration correction by means of hexapoles

2nd order aberration
(three-fold astigmatism)

3rd order aberration
(negative spherical aberration)
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2nd order aberration
(three-fold astigmatism)

3rd order aberration
(negative spherical aberration)

Aberration correction by means of hexapoles

A2=3 ηΨ3S L f 0
3 C3=−3|ηΨ3 S|

2 L3 f 0
4<0

Ψ3S … magnetic potential
L … hexapole length
f0 … paraxial ray height

η … constant: η=√ |e|
2m0U 0

*

M. Haider et al., AIEP Vol. 153 (2008), 43-119, https://doi.org/10.1016/S1076-5670(08)01002-1

f0

L

extended
hexapole
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Aberration correction by means of hexapoles

1st order

3rd order

2nd order
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SAD planeOL TL11 TL12 TL21 TL22 ADLHP2HP1

transfer optics transfer optics transfer
optics

Cs-correction Cs-correction

Aberration correction by means of hexapoles

Ideal system  ...
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OL TL11 TL12 TL21 TL22 ADLHP2HP1 SAD plane

Aberration correction by means of hexapoles

Ideal system  vs.  real system:   small imperfections due to limited manufacturing precision

mechanical mis-alignments, imperfections of magnetic materials



CEOS
Corrected Electron Optical 

Systems GmbH 

QEM2025 ,  13.05.2025   Martin Linck, CEOS GmbH Aberration Correctors and Monochromators

OL TL11 TL12 TL21 TL22 ADLHP2HP1

HPol

QPol

DP11

DP12 DPH1 DP21 DP22 DPH2 ISh DSh

DSt

SAD plane

Aberration correction by means of hexapoles

Ideal system  vs.  real system:   small imperfections due to limited manufacturing precision

⇒ additional alignment channels required: deflectors, quadrupoles, hexapoles

Fundamental corrector alignment:
- Factory adjustment = fingerprint of machining tolerances and mechanical mis-alignments
- No change over time! … not even when moving a corrector to a different microscope

Daily corrector alignment procedure:
- Fine-tuning against hysteresis of magnetic elements and thermal drift.

mechanical mis-alignments, imperfections of magnetic materials
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Philips CM200

Prof. Max Haider

1997: Breakthrough in CS-correction for TEM
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Aberration-correction for TEM and STEM

object

objective 
lens

TEM

object

objective 
lens

STEM

electron 
source

scan 
coils

detector
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Aberration-correction for TEM and STEM

object

objective 
lens

TEM

objective 
lens

STEM

electron 
source

scan 
coils

detector

CETCOR

CESCOR

object
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uncorrected

Cs-corrected

resolution enhancement from 0.23nm to 0.13nm

Aberration-correction for TEM

Haider et al. Nature 392, 768 (1998)

1996
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uncorrected

Cs-corrected

resolution enhancement from 0.25nm to 0.136nm

Aberration-correction for STEM

Nion's Cs-corrector at 100keV
Dellby et al. JEM 50(3): 177-185 (2001)

twice the aperture
 → four times the beam current
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FFT pattern

0.78 Å

Raw image

Histogram

111 222

333 444(0.78 Å)

Intensity profile 

JEM-2100F with CESCOR

Direct observation of 0.78 Å resolution in STEM

Si[112] sample, C
S
-corrected HAADF imaging CESCOR in 2008
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Zeiss
Libra200

2100F
ARM200 

NEOARM200

CETCOR
CESCOR

CETCOR
CESCOR
ASCOR
LASCOR
ATCOR

CESCOR

CETCOR(+)
CESCOR
DCOR(+)
SCORR
(BCOR, CCOR)

HF5000

HF3300

D-COR

B-COR

BCOR
CETCOR-UHV

HD2700

CEOS aberration-correctors for TEM and STEM
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Daily corrector-tuning

Correct

Measure
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Correct

Measure

TEM: PCTF

STEM: probe shape

Tuning towards experimental requirements

Important feedback:
Good enough for desired experiment?

Desired optical state  zero aberrations
• TEM:  Phase Contrast Transfer Function
• STEM: (sometimes) tailored probe
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Measurement settings
• magnification
• fraction and binning, defocus
• outer tilt angle, tableau type
• fit parameters
• aberrations to be corrected

Stop criteria
• confidence of measurement
• further correction not meaningful
• measurement failed

Error recognition
• wrong magnification
• messed-up illumination
• bad image quality

(Thon rings / deconvolution)

         Correction criteria
• confidence of measurement
• compensation schemes

(different orders of same multiplicity)

Auto-tuning developments

Automatic

Correct

Measure

Desired optical state  zero aberrations
• TEM:  Phase Contrast Transfer Function
• STEM: (sometimes) tailored probe
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Microscope configuration
and STEM setup

Auto correction
in progress

Probe simulation with
attainable probe size

STEM Auto-tune

Correct

Measure
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Microscope configuration
and PCTF requirements Final PCTF with

attainable resolution

TEM Auto-tune

Auto correction
in progress

Correct

Measure
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2008: DCOR/ASCOR for STEM

Six-fold astigmatism A5 is a 
function of hexapole length.

Shorter & stronger hexapoles 
allow minimization of A5.

DCOR/ASCOR:
• A5x corrected
• complete 4th order axial 

   aberration correction
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Hexapole with deflectors and quadrupoles

dipole x

+ +

--

dipole y

-

+

+-
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-
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TEAM project: 50pm STEM resolution with DCOR at 300 kV

~ 40 mrad
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ASCOR @200kV: JEOL ARM200, cold FEG

GaN
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ATCOR – Advanced HP-corrector for TEM (2020)

TL11

TL12

TL22

TL21

ADL

HP1

HP2

OL

original CETCOR

DCOR technology

BCOR technology

+QP

+QP

+QP

+QP

+QP,HP

+QP,HP

underfocus overfocusphase contrast

CETCOR

ATCOR

10 / nm

10 / nm

info limit ~30 mrad

100 mrad 100 mrad

small residual 
three-fold distortion

mix of strong six-fold and
three-fold distortions

CETCOR ATCOR
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Axial aberrations:  advanced two-HP correctors
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ASCOR/
DCOR
(2008):
D6-limited
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Stephan Uhlemann (CEOS), 2019

D6∼ ∫
HP1,2,3

Ψ3S⋅u ⟨ A2 ⟩
⋅u⟨D 4 ⟩

⋅uαdz

D6∼ − ∫
HP1,2,3

Ψ3S⋅u ⟨ A5 ⟩
⋅uα

2 dz

D6 aberration has two contributions

● strong intrinsic D6 of positive sign:

● small D6 side contribution
  with negative sign:

HP2HP1 HP3

A5 aberration ray is 
large in center hexapole

D6 correction part is considerable and
can be used for compensation.

(Not possible for two-HP-correctors.)

D6-correction principle with three hexapoles
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10 aligned images, pixel time 2 us

STEM HAADF GaN [211]:  HR-STEM experiments at 200 keV with oversized aperture

1 nm

CFEG (0.34 eV), α = 48 mrad

LASCOR: Three-hexapole corrector for STEM
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Axial aberrations:  three-HP-STEM corrector
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~150 mrad

r = 80 mrad

   LASCOR
     (2022):

G7/D8-limited
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LASCOR: Three-hexapole corrector for STEM

~150 mrad

r = 80 mrad

r < 10 mrad

uncorrected: CS-limited

r = 29 mrad

r = 37 mrad

   LASCOR
     (2022):

G7/D8-limited

Large Aperture STEM CORrector

CESCOR (2001): A5-limited

ASCOR/
DCOR
(2008):
D6-limited
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Unavoidable aberrations of magnetic lenses

Spherical Aberration:  C3 ~ r0, α3

Off-axial Coma: B3  ~ r1, α2
Image curvature:  F3 ~ r2, α1

Field astigmatism: Af3 ~ r2, α1

von H. Rose: Geometrical Charged Particle Optics, Springer-Verlag

Pincushion/barrel distortion and spiral distortion:
D3 ~ r3, α0
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H. Müller, et al.: “Aplanatic imaging systems for the transmission electron microscope”,
Nuclear Instruments and Methods in Physics Research Section A, Volume 645, Issue 1, p. 20-27, 2011.

OL TL11 TL12 TL TL

HP HP

main HPs: strong and symmetric → C
S
-correction 

BCOR: off-axial coma correction 

HP HP

rotated HPs: weak and anti-symmetric → huge D
4
 and some B

3

ADLTL TL

HP HP

HP
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OL TL11 TL12 TL21 TL22 TL31 TL32 ADL

HP1

HP21

HP5HP3

HP22 HP41 HP42

main HPs: strong and symmetric 

rotated HPs: weak and anti-symmetric

H. Müller, et al.: “Aplanatic imaging systems for the transmission electron microscope”,
Nuclear Instruments and Methods in Physics Research Section A, Volume 645, Issue 1, p. 20-27, 2011.

BCOR: off-axial coma correction 
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off-axial coma B3
corrected

BCOR: off-axial coma correction 
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Diffractogram

 Cryo-lens, total Cc at 300kV  ~ 3.9mm
 monochromated illumination   (unknown energy witdh, no spectrometer on the system)
 indicated magnification: MH380kx   … Nyquist = 34.1 / nm  … pixel size = 14.7 pm
 Gold particles on ultrathin Carbon
 2 sec exposures on 4096x4096 CETA camera

15.1 / nm  …  ~66 pm

Titan Krios with BCOR:   Performance at 300kV
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Ka Man Yip, Niels Fischer, Elham Paknia,
Ashwin Chari, Holger Stark:
Atomic-resolution protein structure determination by cryo-EM.
Nature 587, 157-161, October 21, 2020.

BCOR in Life Sciences: 
First time resolving individual atoms in a proteine 
structure using cryo electron microscopy.

yellow:  part of an Apoferritin proteine
grey:     Tyrosin side-chain consisting of several atoms 
red:       individual resolved atoms in Tyrosin structure

Data was collected in a TFS Krios operated at 300kV
with BCOR and monochromator.

tuning the
off-axial 
astigmatism with 
BCOR

sample:
amorphous tungsten

field of view:
~ 191 nm x 191 nm

BCOR applications
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Aberration correction
for electron lenses
using quadrupoles

and octupoles
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1995: First ever working and resolution improving corrector

CC- and CS-correction for a low-voltage SEM
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CC- and CS-correction for a low-voltage SEM

1995: First ever working and resolution improving corrector
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CC- and CS-correction for a low-voltage SEM

10x higher probe current
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43 cm

SALVE-CC-CS-corrector

~ 185 kg

SALVE – Instrument Overview

TL11
TL12

OL

M01

M02

M03

M04

M14

M13

M12

M11

ADL1
ADL2

axial
rays

object plane

image plane

off-axial 
rays



CEOS
Corrected Electron Optical 

Systems GmbH 

QEM2025 ,  13.05.2025   Martin Linck, CEOS GmbH Aberration Correctors and Monochromators

SALVE – Basic Ray Path

x

y

axial 
rays

y

x

M01 M02 M03 M04 M14 M13 M12 M11
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SALVE – Correction of spherical aberration

TL11
TL12

OL

M01

M02

M03

M04
M14

M13

M12

M11

ADL1
ADL2

y

x

axial raysobject plane

image plane

astigmatic beam
in octupole field
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SALVE – Correction of spherical aberration

round beam
in distorted

octupole field

total effect

2C3 + 2A3

+

+

A3 → C3 + A3 + S3

A3 →C3 + A3 - S3

TL11
TL12

OL

M01

M02

M03

M04
M14

M13

M12

M11

ADL1
ADL2

y

x

axial raysobject plane

image plane
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SALVE – Correction of spherical aberration

total effect

2C3

+

+

-
2A3

TL11
TL12

OL

M01

M02

M03

M04
M14

M13

M12

M11

ADL1
ADL2

y

x

axial raysobject plane

image plane

A3 → C3 + A3 + S3

A3 →C3 + A3 - S3
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check  www.nion.com

from: Krivanek et al. Inst. Phys. 
Conf.Ser.153 (Proc. 1997 EMAG) http://www.nion.com http://www.nion.com

Nion UltraSTEM 100NIklas Dellby and ONdrey Krivanek

               :  CS-correction in a dedicated STEM

- resolution improvement by Cs-correction in a VG HB5 STEM (1997)
   based on a 1964 concept from J. Deltrap, Cavendish labs (UK)

- today: complete nion STEM column with monochromator and spectrometer

ka
vl

ip
riz

e.
or

g

w
ik
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ed
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.o

rg now part of
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Object
plane Gaussian

image plane

E0-ΔE < E0 < E0+ΔE 
electron energy:

Chromatic aberration correction
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Chromatic aberration correction
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Crossed electric and magnetic fields:

equation of motion

Wien filter:     = 0  
                        for exact energy E0

→"chromatic quadrupole" A1c

)()( BvEevm
dt

d


Chromatic aberration correction

E < E0 :    quadrupole effect

E > E0 :    opposite QP effect
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astigmatic beam
in chromatic QP

SALVE - Correction of chromatic aberration

TL11
TL12

OL

M01

M02

M03

M04
M14

M13

M12

M11

ADL1
ADL2

y

x

axial raysobject plane

image plane
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round beam
in distorted 

chromatic QP

total effect

-2C1c

+

-TL11
TL12

OL

M01

M02

M03

M04
M14

M13

M12

M11

ADL1
ADL2

axial raysobject plane

image plane

y

x

A1c → A1c + C1c

A1c → A1c - C1c

SALVE - Correction of chromatic aberration



CEOS
Corrected Electron Optical 

Systems GmbH 

QEM2025 ,  13.05.2025   Martin Linck, CEOS GmbH Aberration Correctors and Monochromators

Chromatic aberration correction: CCOR 

828 mm

470 kg,
160 channels

x
y

z

objective
lens
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PICO: application with 50pm at 200kV

Lei Jin, Juri Barthel, Chinlin Jia
and Knut W. Urban,
Ultramicroscopy 176 (2017) 99-107.

Atomic resolution imaging
of YAlO

3
:Ce in the chromatic and 

spherical aberration corrected
PICO electron microscope.



CEOS
Corrected Electron Optical 

Systems GmbH 

QEM2025 ,  13.05.2025   Martin Linck, CEOS GmbH Aberration Correctors and Monochromators

dE = 0                                        dE= +50 eV
                  

CCOR:   achromatic imaging

Cc-corrected Cc uncorrected

df = -675 nm
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CCOR:   achromatic imaging

defocus vs. energy shift at 200 keV
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CCOR:   achromatic imaging

defocus vs. energy shift at 200 keV
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CCOR:   achromatic imaging

→ unprecedented EFTEM experiments

in-focus-imaging of 
inelastically-scattered
electrons up to ~1 keV

energy loss

defocus vs. energy shift at 200 keV
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uncorrected  vs. Cs-only-corrected

HRTEM imaging at 20kV

  vs. CC-CS-corrected
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Imaging of fullerenes

1nm

C60 molecules in double-walled CNTs:  dose-dependent experiments

80kV Cs-corrected 20kV Cs-corrected  30kV Cc-Cs-corrected  
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- Aberration correction improves the resolution
   by increasing the usable aperture

from   d ≈ 100 λ  (10 mrad)  to  d ≈ 25…15 λ  (40...65 mrad)

for example: d = 50 pm @ 200kV and 300kV (CCOR+/TEAM)
d = 90 pm @ 50kV   and   40kV (CCOR+/SALVE)

- Delocalisation vanishes with Cs-correction in TEM

- Higher probe currents and smaller probes in STEM,
  and better depth resolution

- Beyond ultimate resolution:
Cc- and Cs-correction open up new applications
in biology, in-situ, dynamic EM, Lorentz EM (large pole piece gaps),
low voltage (S)TEM, energy selective imaging (large ΔE)

Summary:   Aberration correctors
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Challenges:
- large dispersion
- small selection windows (narrow and clean slit)
- proper imaging conditions from source to selection plane

Gun energy selecting slit

gun images

dispersive
system

Monochromators:   Basic principles

Two main applications:
- improve lateral resolution in imaging
- improve energy resolution in spectroscopy



CEOS
Corrected Electron Optical 

Systems GmbH 

QEM2025 ,  13.05.2025   Martin Linck, CEOS GmbH Aberration Correctors and Monochromators

p(E)

Cut out the “right” electrons!

Monochromators:   Filter factor

FHWM = 0.7eV  (e.g. Schottky-FEG

E

slit width = 0.2eV

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

slit width

0       0.2     0.4      0.6     0.8      1.0     1.2      1.4  / eV

filter factor  (~ Error-function)

ideally only ~25%
of electrons left
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Solid Angle Ω

Current IΩ

Emitting 
Area A

Brightness cannot be increased but reduced by: 

•  beam limiting apertures (e.g., selection slits)

•  increase of source size due to dispersion

•  aberrations in slit plane

AArea   Emitting  Angle Solid

ICurrent 
  Brightness


 

example: STEM probe

probe current ~ Brightness, probe angle (→), demagnification (→A)

Monochromators:   Brightness conservation

Emitting tip



CEOS
Corrected Electron Optical 

Systems GmbH 

QEM2025 ,  13.05.2025   Martin Linck, CEOS GmbH Aberration Correctors and Monochromators

Undispersed
source image

Selection slit

dispersed source image

effective source size 

increases by factor of 5 

Brightness reduced 
additionally by a

factor of  1/5

   Example for 0.2eV  (filter factor 25%):
25%  / 5  =  5%  (loss of original brightness by factor 20)

Selection slit plane:

Dispersion

AArea   Emitting  Angle Solid

ICurrent 
  Brightness


 

Monochromators:   Brightness conservation
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source
magnification

dispersed
source image

dispersed 
source image

Selection slit

undispersed 
source image

- Size of source image should be equal to slit width
- aberration discs should be much smaller than that 

Monochromators:   Brightness conservation

Source size grows
 by factor of 5

→ high brightness loss

Source size remains
 roughly as is 

→ low brightness loss

→ additional requirements on gun and condensor optics

undispersed 
source image
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Simple monochromator:  homogenious field
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Simple monochromator:  homogenious field

Path of rays

No focus in y-direction
→ no image of source
      
→ use quadrupoles for 
     x/y-focus in exit plane
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slit

“Single focusing” Wien filter gives line foci

P. Tiemeijer

Monochromator without quadrupoles

simple line focus

“single” focussing Wien-filter
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x- and y-focus at the same exit plane

Simple monochromator with quadrupoles
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slit

Add quadrupole field to give point foci

P. Tiemeijer

double focus
at slit

Wien filter with additional 
focussing elements

Monochromator with quadrupoles
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Wien–filter: B

E

 crossed electric and
 magnetic fields

 pure electric or 
magnetic fields

Different flavours of monochromation

Axis Straight Curved
e.g. Ω–filter:

(TFS, JEOL) (CEOS, nion)
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Different flavours of monochromation

Axis Straight Curved

Potential

(TFS, JEOL) (CEOS, nion)

at high-voltage level    
     (CEOS, TFS, JEOL)

source

dispersion
[+un-dispersion]

accellerator

source

dispersion & undispersion

accellerator

- inside the gun, before acceleration stage
- high sensitivity to Boersch effect
- easy to produce high dispersion
- high vacuum requirements (UHV)
- additional electronics on the HV level

- below accelerator
- insensitive to HT instabilities
- very strong fields required
- complicated optics
     (requires correction elements)

at ground potential
(nion, CEOS)



CEOS
Corrected Electron Optical 

Systems GmbH 

QEM2025 ,  13.05.2025   Martin Linck, CEOS GmbH Aberration Correctors and Monochromators

Different flavours of monochromation

Axis Straight Curved(TFS, JEOL) (CEOS, nion)

Dispersion 
management

“Rainbow” illumination:
- dispersion remains in whole beam path
- source images for different energies
  at different positions
  → emission in different directions

- dispersion removed in illumination
- no brightness loss due to dispersion
- source image looks as usual
- source images for different energies
   might emit in different directions

(TFS) (CEOS, JEOL, nion)

Potential at high-voltage level    
     (CEOS, TFS, JEOL)

at ground potential
(nion, CEOS)
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Advantages:
- TEM + STEM
- simple design
- continuously
   adjustable dispersion

from: Peter Tiemeijer

           monochromator:  single Wien filter

Disadvantages:
- dispersed spot (“rainbow illu”)
→ special usage of condenser
- drift after excitation changes
  (magnetic elements)
  

tip

from: Koji Kimoto, Microscopy, 2014, 1–8.
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from: Masaki Mukai, Microscopy, 2015, 1–8.

                monochromator:  double Wien filter

tip

Advantages:
- TEM + STEM
- achromatic spot

Disadvantages:
- many voltages and currents
    on high-tension level
- residual angular dispersion

from: Koji Kimoto, Microscopy, 2014, 1–8.
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Advantages:
 - TEM + STEM
 - purely electrostatic: 
   no drift, no hysteresis
 - achromatic spot

CEOS monochromator:   electrostatic Omega

from: Koji Kimoto
Microscopy, 2014, 1–8.

Disadvantages:
- moveable slit on HT-level
- currently not available:
  ZEISS has quit TEM business

accelerator

tip
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               monochromator:  magnetic alpha filter

tip

from: Koji Kimoto,
Microscopy, 2014, 1–8.

from: Krivanek,
Phil. Trans. R. Soc. A (2009) 367, 3683–3697.

accelerator

upside down!

Advantages:
- less sensitive for HT instabilities
- coupling of main filter current
  and monochromator current
- achromatic spot

Disadvantages:
- large effort to create dispersion
- many current supplies 
- STEM only
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from: Koji Kimoto, Microscopy, 2014, 1–8.

Summary:   Monochromators

- Only one single choice of monochromator for each microscope manufacturer.

- Remember the strengths and weaknesses of the monochromator you have to live with!
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Summary:   Monochromators

- Only one single choice of monochromator for each microscope manufacturer.

- Remember the strengths and weaknesses of the monochromator you have to live with!

(e) 

MLs

MLs

MLs

MLs

B1

B4

B2

B3

MLs
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CEOS ground-potential monochromator

- 1 lens
- 4 sector magnets
- 17 quadrupoles
- 4 octupoles

Dissected ray path:

MLs

MLs

MLs

MLs

B1

B4

B2

B3

MLs

CFEG

JEOL
NEOARM

200kV

GPMC

ASCOR

B2: 1
35 deg 

+ 1
st  slit 

half
B3: 135 deg 

+ 2 nd slit half

GPMC:
view from below

B4:
 9

0d
eg

B1: 90deg

Börrnert et al., Ultramicroscopy 253 (2023), 113805. https://doi.org/10.1016/j.ultramic.2023.113805
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● Thanks to QEM organizers!

● Thanks to all collegues at CEOS!

● Thanks to the colleages at JEOL and TFS 
  for sharing content.

● Thanks to QEM audience for listening!
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Interested to learn more? … Meet the experts!

“Practical aspects of aberration correction in TEM and STEM”

Corrected Electron Optical
Systems GmbH

CEOS

pre-conference workshop WS 3

Learn how to get the most out of your aberration-corrected electron microscope!

Dr. Penghan Lu
ER-C Jülich, D

Dr. Lothar Houben
Weizmann Institute, IL

Join an intense half-day workshop with renowned invited speakers ...

Prof.Dr. Rolf Erni
Empa Dübendorf, CH
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