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« Correction of mechanical mis-alignments and * Fine-tuning against hysteresis of
imperfections of magnetic materials magnetic elements and thermal drift
e One-time factory adjustment
* No change over time ‘

Goal: automate the procedure
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Tuning towards experimental requirements oo

STEM: probe shape Desired optical state TEM: PCTF
(YD 50 * STEM: “zero” aberrations, all aberrations .

sufficiently small

" Residual Only
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Good enough for desired experiment? e E——
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Auto-tuning developments

« STEM: “zero” aberrations, all aberrations

Desired optical state

sufficiently small
* TEM: # zero aberrations, PCTF shaped with round
aberrations, other aberrations sufficiently small

Measurement settings

* magnification

* fraction and binning, defocus
* outer tilt angle, tableau type
* fit parameters

Correction criteria
* list of aberrations
* confidence of measurement
* compensation schemes

Automatic

(different orders of same multiplicity)
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Error recognition
* wrong magnification
* inadequate illumination
* bad image quality
(Thon rings / deconvolution)

Stop criteria
desired optical state achieved
further correction not meaningful
confidence of measurement
measurement failed
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STEM auto-correction

Corrected Electron Optical
Systems GmbH

1/4 Connect to 2/4 Check data: 3/4 Running: 4/4 Result:
corrector software Microscope configuration  Auto-correction in Probe simulation with
and STEM setup progress attainable probe size

?::3 Auto Correction STEM = [m} ® ?:::s Auto Correction STEM = 5] %::3 Auto Correction STEM = (] x %::3 Auto Correction STEM = (=] X
File Help File Help File Help File Help
1/4: Connect to corrector software 2/4: Check data 3/4: Running ... & 4/4: Result

Corrector hostname or P address:

Microscope properties: Coarse correction O
corrector{ Select installed FEG: CFEG (normal condition) ~
Tableau correction

Reduced brightness: 1.10e+08 A/(m?srV)

Fine correction
Energy spread: 0.40 eV

Chromatic aberration: 1.58 mm Starting script

Current STEM setup: Starting continnon=s measurement ...
Probe semi aperture (o: 27.57 mrad %
Corrected: WD, Al, C1
Probe current: 30.00 pA
Probe size: 3
i i o Corrected: WD, Al
Diffraction limit: 92.39 pm Probe size:
+ Source size 41.06 pm 5 Optimum D50: 116.81 pm
Corrected: WD, C1 3 :
+ CcxdE 0.64 e¥ mm + Remaining geometrical aberrations
_ . T . = Total D50: 120.35 pm I
= Optimum D50 6.81 pm R RSB
B Advanced parameters Undo @ KEEP Stale

@ Import again @ Save log
@ Connect to corrector software ’ Run correction ... x Abort II Pause V Quit

Running script ...
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TEM auto-correction — et
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1/4 Connect to 2/4 Check data: 3/4 Running: 4/4 Result:
corrector software Microscope configuration Auto-correction in Final PCTF with
and PCTF requirements progress attainable resolution

€3 Auto Correction TEM = ] x &3 Auto Correction TEM — O by 3 Auto Correction TEM — O b4 €9 Auto Comection TEM — ] X
File Help File Help File Help File Help
1/4: Connect to corrector software 2/4: Check data 3/4: Running ... ) 4/4: Result
. . - = 10 —
Corrector hostname or IP address: Microscope properties: Check beam tilt v 4
corrector i c 200,00 kv
Acceleration voltage: ~ 200.00 kv e V E o
Select pole piece: HR ~ E T
Coarse tableau correction g}t i
Select installed FEG: CFEG (normal condition) v :
Tableau correction 10 *
Energy spread 0.40 eV o s o = @
. 1
PCTE: Fine correction g9/1mm
1 Jca- s6m Jaa- 65m
i Starting seript l--12.5um l--15.5um
Spatial frequency (gdesired): 1280 1/nm Max tableau angle: 35.3 mrad
Starting C1&A1 measurement ... Jes- semm lcs- 66m
1/9desired: 7812 pm . | svesires - 12.8 1/mm
Phase contrast: bright atoms (+7/2) ~ Corrected: A1, C1 % gattainable = 12.2 1/nm
Correct linear distortion: @ .. done
Starting C1&Al measurement ... Eocuslonisample
.. done
Recording standard tableau ...
.. done
10 Corrected: B2, C1, Al, A2
/\ /\ Starting C1&A1 measurement ...
. .
5 oo
B \J

10 T
o bl Fal
g/ lnm
I €1= 5.6nm Remember to check magnification and "C1A1 range” before measuring
IB - 19.5 um aberrations.
I 5= 5.8 mm Undo @ Keep state
@ Lo ICE C1A1 measurement range: 1.18 um B’ gavellon

e Connect to corrector software ’ Run correction ... x Abort II Pause V Quit

Running script ...
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Availability " Comsea euon Ot

ThermoFisher JEOL

TEM: Auto-CETCOR TEM: Auto-CETCOR+

Auto-ATCOR
CEOS
STEM: Auto-SCORR STEM: Auto-ASCOR
Auto-LASCOR
TEM manufacturer Sherpa Opti-STEM(+) COSMO
(using the corrector’s (using RPC)

Exported elements)
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