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Principle remarks it
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Daily corrector alignment

- Is fast and fine-tuning against hysteresis of magnetic elements and thermal drift.
=> |f possible, prepare the microscope the evening before (HT, mode, sample)

- Is never a complete realignment of the corrector.

- Timeconsuming alignments indicate:
- Bad alignment files
- Broken hardware
- Tuning beyond requirements or beyond measuring accuracy
- Omitted check points during the daily alignment procedure
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Preparations —Correced Eectron Oy

Systems GmbH

1. Load trustful alignment files and choose mode (HT, TEM/STEM)

ThermoFisher JEOL

Microscope and corrector(s) Microscope Corrector(s)
File ! Alignment Panel ‘ __—i Fle Comector PC Preferences 7

- § ~Knob Assign

8 gompuStage Height - Current file: ISDUk\-r l SHIFT X Y Knob (free) DDEFI _— Ctd+0

] !
03 Mign NanoProbe Fim [ Date & time 0w 2] DEFLECTOR X Y Knob (free) —h e (i< R \/ Ch

H . —
-2 Align HM-TEM 300kY_ST.. BAB/202511:43  Ser ki alaCtn Lo - I

: : ec ad masterfile... | Cil+Alt+L
[:l Align LM 00KV _ST... 522720251842 Ser Deflector —M8M8MM
D Align Larentz J00kY_Tik.. 5/19/20251218  Ser GU Spot Beam | | Image | [ image PL
D Condenser durmmy-&L...  5/9/2025 15:52 Ser ALIGN || ALIGN ALIGN Shift Shift 2 ALIGN Sa'u'e_- I:trl-rS
[:l Stigmatars 300kY_Mi.. 444/20251350  Tec F
D Calibrate ManoProbe ‘NI*H DY S GNP VY ST WY | H_’ILI Save as . Ctrl+Shift+3
-0 Calibrate HM-TEM x| )

Stigmator
et
e Selected Available =1L AL SIS
O —— Exit Alt+F4

Compensator

User settings Co) o) ) (o]
! Options | File _ i~ STEM Corrector
= T e IFE I | 168 [ conrse | [57582| [ o | | Ban et

Monochiomator

Lbl Date  Pot  Exc |||} [Mode (normal/EFTEM/Lorentz/STEM) OO
TEM 4/2/2.. 3000 00 5&%2:& Save 2025-03-25_11.5r.ja|]
STEMDC 4/2/2.. 3000 00 ElD:egclll' o : E— O SR
STEM 3/8/2.. 3000 00 [ Condenser stigmator rAlignmentMode —————————————
40KV 3/7/2.. 3000 00 [ Stigmators
<l i > Apertures
————————— Ml O Ocz Oosi Osa
\dtk\-" J Add Last loaded :
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Check points STEM _CEOGS

Corrected Electron Optical
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2. Verify fix points and do basic pre-alignments

ThermoFisher JEOL

- Eucentric focus
- Normalise all

- Standard focus
- Lens relaxation
- Normalise correctors

- Center beam in imaging mode:
- Leave diffraction, use AT UserBeamShift - Switch to ALIGN, use AT ShiftOL

- Center the right aperture on last condenser lens
(or on flat area on Ronchigram)

- Adjust with AT BeamTilt:
- Rotation center of objective - High tension center

- Focus (in Ronchigram) with z-height on gold cluster sample
- Select proper magnification (FoV around 500nm)
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2. Verify fix points and do basic pre-alignments

ThermoFisher JEOL
- Eucentric focus - Standard focus
- Normalise all - Lens relaxation

- Normalise correctors

- Center beam with microscope Beam Shift
- Find nice amorphous area

- Check beam tilt pivot points
(tiny changes If at all due to hysteresis of objective lens)

- Adjust microscope BeamTilt w.r.t. specimen detail:
- Rotation center objective - High tension center

- Set slight underfocus with z-height
- Select proper magnification (C1A1 range 1...2um)
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Standard manual tuning loop for TEM and STEM Covesed Becon Opica
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3. Use corrector Ul's measurement procedures and auto-alignment tools

Iterate:

- Continuous C1A1 measurements
(up to second order in STEM,
up to first order in TEM)

- Use auto-alignment tools
while measurement is running

- Tableau measurements:
fast -> standard (-> enhanced if needed)
- Use auto-alignment tools
after accepting tableau in state of correction

Cross-check with the instruction manual for details.
Stop iteration if experimental needs are fulfilled or measurement accuracy is limiting!

Concentrate on your experiment, not onto corrector tuning.
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Good and bad continuous measurements B s

Systems GmbH

STEM: deconvolution TEM: diffractogram analysis

Good
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Hints at continuous measurements

CEQS

Corrected Electron Optical

STEM: color code for size
Frabean W cial

Start Options B} |
Exposure time IO.SS 'l

®» cC1 | Al | Angle | A2 | Angle | B2 | Angle | wD | Angle | mean |
16.2nm | 1.66nm | 128.8% 155nm |-8.9° | 38.6nm -15.8% 963prad  105.9° 4367 mits
17.6nm | 3.97nm |90.5° | 186nm |-0.9° | 35.1nm 140.6% 292prad | 116.3° 4392 mits
17.7nm | 4.96nm | 123.4% | 48.4nm | 32 37.9nm | 127.7° | 551prad |82.9°% | 4414 mts
14.3nm | 5.53nm | 112.6% 123nm |28.1% 25.6nm -2.7° | 362prad 65.7° 4446 mts
16.9nm | 4.76nm | 120.6% 142nm |22.2% 72nm |81.6% 7i3prad | 101.6% 4465 mts
17nm | 5.95nm |93.5° | 66.4nm |-9.7% 41nm | 120.9% 456prad 41.1° 4493 ots
15nm | 3.24nm | 111.7° 129nm |-20.1% | 18.8nm | 22.3° 572urad 46.2° (4517 ants
17.7nm 4.6nm | 119° | 92.3nm -15.9° 49.5nm | 26.8° | 71lprad 84.4° 4547 ants
16nm | 6.46nm | 97.3% 115nm |-38° | 19.8nm | 11.9° 720prad | 127.6° 4567 ants
15.9nm  4.7nm | 123.1° 143nm |-0.3® |53.7nm|78.8° | 7S6prad 55° 4597 cnts

J

sl = > ] = = [~ ]

white: almost zero - no action
yellow: measurable - decide
orange: large - correct!

—Auto correct:
[100 % | WD | AL | c1 |

Systems GmbH

TEM: color code for range “violation”

[ Tableau Y/ C1A1 W Distortion W

Start | ‘ [~ Measure off-adial abemations

Exposure time ID.5 s - l

=)

c1

Al

mean

-861nm

311nm

-3

9346 crts

-861nm

3 1nm

3.1

5352 crits

-861nm

311nm

28

59357 crts

-861nm

31 1nm

26°

5358 crts

-859nm

313nm

2y

5358 crts

-865nm

7.14nm

165.4°

5364 crts

-865nm

5.52nm

140.1°

9365 crts

O~ || |d | |Pa)| =

-865nm

5.35nm

137.5°

9367 crts

=)

-865nm

5.16nm

136.9°

5368 crts

=

-865nm

7.37nm

179.6°

5368 crts

-865nm

6.86nm

178.9°

5369 crts

[

-866nm

6.16nm

137.6°

5368 crts

o

-866nm

3.02nm

137.2°

ase| WHite:

=

-866nm

3.07nm

139.2°

5368 crts

&

-866nm

3.64nm

139.9°

9370 crts

=

-866nm

3.34nm

138.6°

9370 crts

ci || _1_:2| um i+ 1/2range

i 1/8range

orange:

C1: 30% to 70% of range
|Al]: below 25% of range
- good

close to end of range

- correct!

c1

" Free

100 %

"Auto comect:

LI Focus

Al |
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Hints at tableau measurements and in state of correction
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TEM and STEM: color code for well measurable aberrations

Tabl Distortion [ﬁ-[ S [ [ STEM@300KV ~ | [225K +|| Propers
F Tableau 1AL W s\ /(SRS o ®| | [sTEME =l | Propeties
Start | [ Measure off-axial aberrations Close €3 | Estimation Latest accepted measurements
Value | Angle | Changes | Rel. size | Walue | Angle | Confidence | At |
- Tableau type Exposure time 0.5s -
@& Fast C Stendard ¢ Enhanced 1 55.13nm - 0 100% [C1 55.13nm - 8.294 nm 0 min
Cuter tableau tilt [mrad] I 15 — —
36.44 nm -79.0° 0 100 % | Al 36.44 nm -79.0° 5.21 nm 0 min
—Measurement results: — —
- 1.489 pm 891" 0 100% | A2 1.489 pm 891" 189.5nm 0 min
First ord
7 vale | Angle | Confidence rst order — —
c1 | -7350m | — 2 42nm I measured! B2 371 5nm 1507 0 100% | B2 371 5nm 180.7 109.4 nm 0 min
Al |24.2nm | -49.5° | 2.92nm Exduded images c3 -18.14 um - 0 100% |C3 -18.14 um = 11.24 ym Omin
A2 [280nm |-B8®  6B.9nm | N N
= Al 14.41 pm -1485° 0 100% | A3 14.41 pm -1485° 6.506 pm 0 min
B2 |607nm | -169.7° 39.8nm e | |
_ 53 2452 1338° 0 100% [ 53 2452 1338~ 3798 0 min
E -923nm 5.18um I 1.195nm > Hm > um Hm
A3 |1.83m 3.3°  3.06um B A4 114.3 pm 250" 0 100% | a4 1143 m 250° 2459 ym 0 min
53 |2.49um |[6.2° 1.91pm _ _

white: almost zero - no action
yellow: above measuring accuracy - correctable
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STEM: Tuning towards experimental requirements oo
STEM: Probe state tool Desired optical state = “zero” aberrations
R O * Reduce all aberrations sufficiently

<+— Phase plate with pi/2 circle and limiting aberration,
considered aberrations selectable

Exchude T2t order | ™ Show aperture

Basic microscope properties
Reduced brghtness 1le+08  AmV

Chromatic sbemation 216 mm 4_ I .

oo [ Microscope properties

S <«— STEM setup

C— " Cailm <«— |deal and attainable probe size

+Geometric aberrations: [Bxclode Teoder v

= Total D50 [130] pm

Trmm | 259 % Dpgm| 69 pm . .. .
e | +— Probe shape and most limiting aberration

|

Most important decision:
Good enough for desired experiment?
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STEM: Tuning towards experimental requirements —orera e

Systems GmbH

STEM: Probe state tool

™ \ See help dialog behind “Info” button for

detailed instruction and complete workflow description.

Exchude T2t order | ™ Show aperture

Basic microscope properties.
Reduced brghtness 1le+08  AmV

Chromatic sbemation 216 mm
Energyspread PWHM [ 04 eV
Curent STEM setup

Frobe semi apertune 2727 mrad

Probe cument E
Frobe size

Dfractionbmt | 561 pm

+Source size | 322 pm

+CcxdE 085 eVmm

= Optimum D50 659 pm

+ Geometric aberrations: | Exclude 1st crder -
= Total D50 pm
Traanal 2596 %0 D el 69 pm

FProbe shape
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TEM: Tuning towards experimental requirements — o cegie
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TEM: PCTF tool Desired optical state # zero aberrations
* Shape phase contrast transfer function with round aberrations
* Reduce other aberrations sufficiently

Options
Phase Plate Display
 Tradtional

" Residual Only

" Resdual + Optimum PCTF
= _Residual + Measured PCTF
¢ Residual + Free PCTF

<«— Phase plate, considered aberrations selectable

[¥ Show transfer band sbove | 363 %

Leaming \/ Total Oulput \/ “wobbing \/ FCTF \ 4] " |
ClAlrange [3.713m 10 :
a) &

05

| | «— Phase contrast transfer function

0.5

1o 10 20 30 40 50 60

Transfer Band: W +pi/2 O -pi2 1]
Resclution g

= - = |<— Desired and attainable resolution

=1 || et x| | <«— Optimisation of spherical aberration C3
Cewlog | :ro:um.-ncsz cr: [@gam ]
Sava Logas HTML | || | ForMessured C3: ct:

— i o= Most important decision:

=S =k e e Good enough for desired experiment?
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TEM: Tuning towards experimental requirements — e
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TEM: PCTF tool total aberration = residual aberration + PCTF

Optians
Phase Plate Display
€ Tradiional
" Residual Only

" Resdual + Optimum PCTF
= Residual + Measured PCTF
" Residual + Free PCTF

[¥ Show transfer band sbove | 363 %

ClAlrnge [3713m

:I 10 T <

05

0.0

05}

e correct adjust

Desed  [500 Junm  — oatom
Hipnaie_ | vhm — [20%m

C5

" Zero & Measured Ias:}&\-m

— T = See help dialog behind “Info” button for
o] (ST~ detailed instruction and complete workflow description.
_sevoisgura ||[| Frbesmsedcy cv [oeam ]

Free Parameters
Print abemations 7 Show Pl C1: [29.00 |fren

| mimage coord. system CooyOptmmSmsl C3: [ 4367 |Jum

Zi Copy Measued 9ata | €5 [300__[frm
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Finetuning during experiment: Exported elements — o cegie
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B ASCOR_CM SERVICE UIC:/CEQS/C Al Files/ 200K\ p.sdb = x
Fle Corrector PC Preferences 7

Corrector GUI

F ToEm Fﬁmaﬂ|ﬁﬁm|ﬁm

N/~ Optical s2ate "\ Totaloutput: \/ Leam \/ Wobble |
|-Phase plate for state of correction 2

- Channels

Exported elements

0.000 | mA 0.000 | mA
UserBeamshift Stigal fine

- Exported 0.000 | mA 0.000 | mA

elements 0.000 | ma 0.000 | ma e <A
Beam Tilt StigAl o e

e 0.000 | mA Reducedbrghtness | L1e408  AmisrV
Chromatic aberration 145 mm
0,000 | mA EergysreadPWHM [ 04 eV
Stig2 Current STEM setup

\ ] ] 0.000 | mA Pubessperure [ Zal  oead
Controlable via microscope =

+CoxdE 0.58 eVmm

= Optimum D50 72| pm

+ Geometric aberrations: |Exdude 1st order i
= Total D50 pm

microscope software | ... .../

Probe shape
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