20260423 (ver. 2.3)

Okayama University

Cryo-electron Microscope Manual

Titan Krios G4 and Falcon 4i

For Admin

Acknowledgements:
This manual was created with reference to the

KEK Cryo-Electron Microscope Initial Training Text for External Users (ver.3)
https://www?2.kek.jp/imss/sbrc/230203_KEKTitan_TrainingText_v3.pdf

We would like to express our sincere gratitude to all the authors of KEK text.

International Center for Structural Biology,
Research Institute for Interdisciplinary Science,
Okayama University

Tomoe lio, Nobutaka Numoto



TABLE OF CONTENTS

—_

SAMPIE EXCRANGE. ..ttt et n e e s n e e sr e e nneenare s 4
1= 01T O 4
ReSLArting the EPU ......coouiiiiie ettt 6
Get Atlas fOr adjUSEMENT.....cceiiie i 9

Beam adjustment (daily) .....oceeeeeeeee e e 11
Move to the broken square in the grid ..o 11
PivOt POINt AQJUSTMENT....eiiiiiiii ittt 14
(@ N o1 o (U LI @< o =] ] o PSPPI 17
Center Zero-10ss Peak (AULO Zero-lOSS) . ..cceeeeccurreieiiieeee e e e ee et e e e e e e e e e eeeeeaeeas 19
Alignment of the objective diaphragm .......ccoceiiiiiiiiie e 20
Center alignment between EPU magnifications..........ccccvrinneiiieeiie e 24
AutoCTF (Correction of Astigmatism and Coma Aberrations).......ccceeeeeeeceereieeesceenene. 30
SETHING UP DOSE ..ttt e e e s nane 34
Acquisition of Gain REFEIENCE ......oiiieiiiiie e 38

Adjustments and maintenance as NEEAEM ........ocueiciieiiieiieie e 39
(@oTaTe 11 Te] a1 o e PR PRSP PRSPPI 39
Energy filter related (adjusted using SHerpa) ......occeeecer e 42
Acquisition Of Gain REFEIENCE.........iiiieiiieee e 46
Sherpa-based AULOCTF ......ooi ittt sn e srenne e nane s 48
Recovery from Large Beam SHifts ......coiouiiiiiiiieiieeiese et 51



Rotation Center (passing the current axis through the center of the objective lens)....... 53

Other notes / Additional CAULIONS. ......eeiririiieri e 57
When Auto-eucentric fails in the EPU tab (Hole selection) ........ccoeeveeeececivveeeeeeeeeeeeeee, 57
Determining Eucentric Height at a Specific Location .........cccovviieriiierincin e 59
S D | = @] | F=Tat o o T A\ o {1 SRR 61
Dose Rate, Spot Size, IHuminated Area ........cieiceeieiiieiee e 62
A1aS ACGUISTTION ..nteereeeet ettt b e et sr e sae e e r e sar e eneesmneeaneena 63
DL = Yol [ U111 To] o PRI 65
(€] gTo ITe (=TT 011 o PSPPSR PR USRI 65
Confirming RESUIES iN CryOFIOW ......ciiieiiiieieece et 75
Continuous Data ACQUISITION .....eiiiiiiiiiie e 79
Data Acquisition Using Multi-Grid SESSION ......ccccueeiiierieiieeeeeee et 89



1.

Sample Exchange

*TEM User Interface is version 3.22.1, EPU is version 3.14

TEM User Interface (=TUI) T
=— - ‘ EPU

Inventory
Use TEM User Interface (=TUI)

TUI > Autoloader tab > Temperature Control

Norkset Temperature Control 4

- [ — Status

All Nitrogen Temperatue

Setup Autoloader Stage EFTEM (1" _popmiees—
Augoloader 61% 6h02mn
Column 79% 1M h04dmn
=
Docker 1033K -1638°C
Holder 835K -1837°C
Cassette gnpper 973K  1758°C
Cartridge gnpper 975K 1757°C
Autoloader Dewar 780K -1952°C
Coiumn Dewar 789K  -1942°C

State | Filling

Suppress AutoFil for

AutoFil starts in:

Reminder before fillng starts: I? 503 min

Fill Now

[0 min

5h10min

When the NanoCab Dock is finished (don't forget to take out the NanoCab!),

wait until the temperature display is all green, and then wait until everything is

below -160°C (a few minutes).

TUI > Autoloader tab > Autoloader > Option

Vorkset

| Setup Autoloader Stage EFTEM ([ ¢[*
click the Inventory button
*After docking, it will take some time

for it to become active

If the Option window is

not’open, click here
v
Autoloader (User) E [Opm:ns_
— Casselte [ —vazuum
= [urdock ] ||| @ Tt Auo 0 (dstaky
— Cartidge O Turbo Abwayz On
12 — Corti ol —————
n =
- ahickes | [Lozde-coce] [Vasuum 0n]
9 Inventoy
8 — Casalle Urdock
- 4] Laave cartricgs on CompuStage
6
5
4
3
1
Edi Shot Stat | Slees |
Load Unioad l
= Stelus




Make sure all grids you have entered are correctly recognized.

I options |
— Cassette — Vacuum
® Turbo Auto Off [defaul]
— Cartridge O Turbo Always On
12 — Control
il | Initialize: | ‘Llivadr’:f'v:j,‘vjfl ‘ Wacuum On

10

J
8 — Cassette Undock
d Leave cartridge on CompuStage
[
5

[

E

Edit Slot State [ Stege |

— Status

Mapping cassette slot
Moving cartridge arm to the cassette

Dark gray: Judged as having no grid
Blue: Judged as having a grid

Light gray: No recognition work has been

*If not recognized correctly, Inventory again.

If there is still a discrepancy, take out the Cassette and check it.
Is the grid falling?

If you still feel strange, contact FEI

When the number of grids entered is checked to +2, click the Stop Inventory
button to stop.

Enter the name of the grid after the inventory is finished (Unload if there is a grid
left on the stage)

* It's not good if an empty slot has a name

*This name will not be reflected in the resulting folder name, etc. Leave a note.



2.

Restarting the EPU

View TUI > EFTEM tab > Filter
Make sure the EFTEM button is yellow

If it is not yellow, click the EFTEM button to turn it yellow.

Vorkset Filter |
Setup  Autoloader Stage EFTEM [ «[» EFTEM l
o

Sitwidth[ev} [210 8

Energy shift [&V] |50 El

[ HT offset: 0 El
DeV Total: 0 eV
| oev |[ 20ev |[ 250ev |

TUI > Setup > E-CFEG
Check if the Operate button is yellow

If it is not yellow, click the Operate button to turn it yellow.

E-CFEG Control (Expert) o

Gun Lens: 18

Setup  Autoloader Stage EFTEM (/¢ [*

i

Aash

Vopt: 3561V  Bdractor: 3593V

BExractor range: 2561..3916 V
Beam cument: 50nA
Status:  Operate
T

EPU Restart

Click the x in the upper right corner to drop it. Wait about 30 seconds. Launch
from the pin icon




Only if the magnification changes from the previous time

*Or when you want to restore some set value.
EPU > Preparation tab, click Import to open the .sxml file below.

D:/EPU/temp_xxxk_YYMMDD.sxml

(xxx=magnification. Select the latest date at the magnification you want to use)

2V EPU

v el Preparation Atlas Auto Functions
Presets Atlas v Camera Falcon 4 v Exp.Time(s) 1.00
[N

L eaporn

v Tasks

Acquisition and Optics Settings

Atlas Optics Alignment
Calibeate Image Shifts

Activate Phase Plate

= Import Settings

™ > ThisPC > Data(D:) > EPU
Organize v New folder
B Desktop Co Name . Date modified Type Size
& Download: test 2/25/2023 240PM  File folder
] Documents | EPU_240111_130K.5xml 2024 3:05 PM XML File 52K8
& Pictures ] EPU_240111_215K.5xml 2024 10:29 AM  SXML File 52 KB
data 9 [ €PU_240111_270K.sxm 20242:43PM  SXML File 52 KB
EPU | EPU_240111_270K-Au.sxml XML File 52KB
screen 9 | EPU_setting_temp.saml XML File 52 KB
| temp.sxml 6/2024 3:45 PM XML File 52 KB
work [] temp_165k_240117.5xml 8/2024 11:13AM  SXML File 52 KB
[ This PC | temp_165k_240202.5xml 2/2/2024 1:10 PM XML File 52 KB
B Desktop | temp_215k_240117.sxml 2024 8:44 AM XML File 52KB
2| Documents | temp_270k_240117.sxml 8/2024 3:26 PM XML File 52KB
‘ Downloads || temp_270k_AU_240117.sxml 8/2024 3:30 PM XML File 52 KB
D Music
| Pictures

*If there is no change in magnification or settings from the last time, it is better not to

doit.



Check the settings at each magnification.

If it has changed, return to the our default values below.

EPU > Preparation tab > Presets > Atlas

Exp. Time (s) 1.00 v - 4 ‘L']'I Q 100x Spot Size 6 Insert Slit )

Get = (um) -1000.00 Il Area (pm) 1334.29 slit Width (eV) 80.0
C2 Aperture 50 Plasmon Imaging

EPU > Preparation tab > Presets > GridSquare

Exp. Time (s) 1.00 v - 4 ‘lj'l Q 740x Spot Size 3 Insert Slit °

Get < (pm) -100.00 Ill. Area (um) 400.00 Slit Width (ev) 40.0
Plasmon Imaging

*Magpnification should be 740x for 300 mesh, 470x for 200 mesh

EPU > Preparation tab > Presets > Hole/EucentricHeight

Exp. Time (s) 1.00 v — 4+ ‘E] ® NanoProbe v Spot Size 4 Insert Slit e
Q 6500x v Il Area (um) 12.00 Slit Width (ev) 20.0
= (um) -50.00

Fractions Manual : ) @© NanoProbe v Spot Size 4 Insert Slit @@
Compression L] % I Q 165000 v Il Area (um) 0.70 Shit Width (ev) 10.0
Align i < (pm) -2.00 C2 Aperture 50

*The above is for the case of 165k magnification.

It will be different when reading .sxml of other magnifications.

EPU > Auto Functions tab, Auto-eucentric by beam tilt

@&  Preparation Atlas Auto Functions EPU

v
} II . Presets Hole/EucentricHeight v Desired Defocus (um)
Start Iterate to (pm)

Use Three Image Method No

Execution Preset Selection Auto Function Settings
v Auto-Functions (TEM) Negative Beam Tilt

Autofocus

Auto-eucentric by Beam Tilt

Auto-eucentric by Stage Tilt

*Set Desired Defocus = 0, Iterate to = -10.



3. Get Atlas for adjustment

EPU > Atlas tab
Session Setup > New Session > Yes

PV New Session

Are you sure you want to start with a new session?

Specify the Output folder (save to: Z:/userxxx/yymmdd/atlas/) and click Apply

Click Screening, check the number of the grid you want to shoot (just one is

enough), and click Start to start shooting Atlas




Click Acquiring to view the image
* Wait a while to shoot the whole picture with 4 x 4. Including the time to replace the

grid, 7-8 minutes per grid? You can stop as soon as you have enough tile for beam

alignment.

* When for some reason you want to retake Atlas for only certain grids
Select the grid in the Atlas tab and click the Reset Selected button in the upper left corner
The data will disappear, so check the same grid and click Start

10



Il. Beam adjustment (daily)

1. Move to the broken square in the grid

EPU > Atlas tab, select the desired grid and click Load Sample

*Confirm that "Cartridge at slot x is now on the stage" is displayed in EPU > Status

11



EPU > Preparation tab > Presets -> Grid Square

For a grid of 300 mesh, select 740x Q 470 Spot Size 3
« (um) -100.00 Ill. Area (um) 400.00
For a grid of 200 mesh, select 470x C2 Aperture 50

Optics Settings

*Spot size, Ill. area can be left as it is.

Click Preview

Make sure you are in near center of the broken square

*If it is out of position, right-click again on the square image > Move stage here

12



Press R1 to lower (insert) the fluorescent plate.

*The status of the fluorescent plate can be checked on the TUI Flucam Viewer screen or

the TEM BlankerShutter Monitor screen.

0 TEM Bunberthume Montor

Fle  Vew Hep

Meracooeiem  Moracone Corbguon
v

|

| 1
*These are the states in which the H,

fluorescent plate is raised (not inserted) / i

COLUMN VALVES
OPEN

In the Flucam Viewer, confirm EF (= The center of the Energy filter is shown in a

green circle), Natural, and High Resolution buttons are active

13



2. Pivot Point Adjustment

Make sure the stage is in the broken square and the fluorescent plate is down

EPU > Preparation tab > Presets, select Grid Square and click Set

Press the Eucentric Focus button on the control board (*At x740, Obj lens = around

High tension: 300 kV Beam Current. Stable X: -108 57 ym
Screen current Stable Y: -127 .39 ym
LM 740 x Spot sze -0.01deg Z -10.22 pm

Bottom of TUI, make sure that Obj lens = around 7% at x740.

If Defocus is not 0, set it to 0 on the control board R2 (Reset Defocus).

EPU > Preparation tab > Presets, select Data Acquisition and click Set

thermoscientific

el
=

t

Press the Eucentric Focus button on the control panel (*Obj lens = around 80%
at the set magnification)

*If Defocus is not 0, set it to 0 on the control board R2.

As C2 Lens: 41.005 % Cooling BM-Ceta Stable X 520 90 pm
0nm|C3 Lens: 49.561 % Cooling EF-Falcon Stable Y: -623.28 pm
-0.01deg Z -0.01 pm

High tension 300 kV Beam Current: 5.0nA
o 2 Sereen current 0.066
SA 165 kx Spot size:

*The above operations are performed to reset the defocus of LM and SA.

14



TUI > Stage tab > Apertures, make sure that C2=50, Obj=none
*Check also C1=2000 and C3=1000, and don't change these at all in the future.

Condenser 1 2000

Condens=r 2 50 v Adjust |

Condenser3 1000 +
I Objective [none) VI Adjust

——

|
Selected Avea] |[none] || Adust |

TUI (at the bottom right) > Direct Alignment, select nP Beamtilt pp X

Direct Alignments

Gun Tilt ~
Gun Shift
nF Beam bt pp ¥
Beam shift
- Tomo Beam shift
Center C2 aperture
Condenser center TEM v

Done | [ Auto help

Use only Multifunction-X on the control board to adjust the two flashing lights

so that they overlap.

Click Done

Gun Tit PN
Gun Shift

nP Beam tik pp X

Beam shift

Tomo Beam shift

Center C2 aperture

Condenser center TEM v

[[] Auto help
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TUI (at the bottom right) > Direct Alignment, select nP Beamtilt pp Y

Direct Alignments

Gun Tilt ~
Gun Shift

-nP Beam tit pp X

Beam shift

- Tomo Beam shift

Center C2 aperture
Condenser center TEM v

Done | JAuto help

Use only Multifunction-X on the control board to adjust the two flashing lights

so that they overlap.

Click Done

Gun Tt ~
Gun Shift
nP Beam tik pp X
Beam shift
:-- Tomo Beam shift
i Center C2 aperture
- Condenser center TEM v

[ ko heb

16



3. C2 Aperture Centering

Make sure the stage is in the broken square and the fluorescent plate is down

1st time

Turn the Intensity dial to the left to narrow the light to the size of the green circle

in the center of the Flucam Viewer

TUI (at the bottom right) > Direct Alignment, select Beam shift and center the
light with the Multifunction dials

Gun Tilt "
Gun Shift

nP Beam tilt pp X

nP Beam tit pp Y

Tomo Beam shift

Center C2 aperture

Condenses centes TEM v

5729 ym|
-0.00 um -
S00deg Clutobet

0.00 deg

Turn the Intensity dial to the right and expand the light until it is the size of the

outer red circle

Light contrast can be adjusted with the mouse wheel

17



Click Adjust on the right side of C2, and use the Multifunction dial to move the

aperture so that the circle of light is inscribed in the red circle

Condenser1 2000 +
Condenser2 50 i Adut

Condenser3 1000 ~

il

[ Obrechve ] frone] ~

Selected Area| [none| dust

Click Adjust again on the right side of C2

2nd time
Narrow the light again to about the green circle and move the light to the center

with the Multifunction dial

Turn the Intensity dial to the right and expand the light until it is the size of the

outer red circle

Click Adjust on the right side of C2, and use the Multifunction dial to move the

aperture so that the circle of light is inscribed in the red circle
Click Adjust again on the right side of C2

Again, narrow the light to about the green circle. At this time, it is OK if the ring of
light spreads out almost concentricly. Repeat the above operations until the light

spreads in concentric circles.

If you're okay, click Done on the Beam shift in Direct Alignment

Gun Tilt ~
Gun Shift

nP Beam bt pp X

nP Beam bit pp Y

Tomo Beam shift

Center C2 apetture

Condenses centes TEM v

(7] Auto help

*C2=150 is used for Atlas, so if you feel a problem with Atlas, it may be a good idea to

make the same adjustment with C2=150.

18



4. Center Zero-loss Peak (Auto Zero-loss)

After conditioning, adjust the energy filter according to Section IlI-2 (p. 41 onwards).
*|t is assumed that it is a continuation of the previous part (i.e. the stage is in the broken

square and the beam is aligned).

EPU > Auto Functions tab > Auto Zero-Loss
Make sure the Presets are Zero Loss and click Start

U EPU

@&  Preparation Atlas Auto Functions EPU

v
» II . Presets Zero-loss v

Start

Execution Preset Selection
v Auto-Functions (TEM)

Autofocus

Auto-eucentric by Beam Tilt
Auto-eucentric by Stage Tilt
Autostigmate

Autocoma

Drift Stabilization

Center Zero-loss Peak

> Calibrations

* Centering the energy filter

EPU > Preparation tab > Presets, select Data Acquisition and click Peview

Make sure the image is flat

*If it is not flat, start over from the beginning of this page

19



5. Alignment of the objective diaphragm (Omit if not using UltrAufoil)

When using UltrAufoil, make this adjustment with UltrAufoil

EPU > Atlas tab, select a clean square and Move stage here

EPU > Auto Functions tab, select Auto-eucentric by beam tilt

Presets > Hole/Eucentric, click Start

EPU > Preparation tab > Presets, select Hole/Eucentric and click Preview

Between holes, right-click on the trash-free area and click Move stage here

Right-click
-> Move stage here

v Insensit @@
SlitWidth (e¥) 10.0

20



TUI > Stage tab > Apertures, make sure that C2=50, Obj=none

Be sure to press R1 here to put down the fluorescent plate!

*Pressing the Diffraction button without inserting the fluorescent plate may break

the camera

Check also on this window

Bt bt 5D oy

Look bottom of the TUI and confirm that it displays "D = xx m" etc.

High tension: 300 kV Beam Current: 53 nA
nP EFTEM Screen current: 0.065 nA
D25m Spot size: 4

TUI > Stage tab > Apertures, set Obj=100

Condenser1 2000

Condenser2 50 v w
Condenser3 1000 ~

| obiectve | 100 | adus

Selected Area| | [none] v

21



TUI'in HDR mode
*If it is difficult to see the shadow of the objective aperture, adjust it with the mouse

wheel.

[E+ 700 1 a @8 e [ 57 BEw

If the beam is not in the center, it will be centered with a Direct Alignment >

Diffraction Alignment on the Multifunction dial

Direct Alignments
I Diffraction alignment I
- Loma-tfree Amplitude:

[ Auto help

22



(Is it safe not to do the following three points unless they are very off?)

Click the Adjust button next to Objective

Condenser1 2000 ~

Condenser2 |50 v
Condenser3 1000 ~

[ biective | (100 v| Adiust

|SelectedArea| [hone] v~ ‘ Adjust

Use the Multifunction dial to align the bright center of light with the

surrounding fuzzy center of light

With the center of bright light in
the middle

Click the Adjust button next to the Objective again

Press the Diffraction button on the control board again to exit diffraction mode.

*The FluCam Viewer display should automatically return to Natural

Observations with UltrAufoil can be made with Obj = 100

23




6. Center alignment between EPU magnifications

*When using UltrAufoil, it is better to make this adjustment with UltrAufoil

Move stage here where there is a noticeable garbage by looking at the EPU >

Atlas tab

* Choose garbage that is not too large. Zoom in/out of images with the mouse wheel
A relatively clean square is easier to make the following adjustments.

It is good to bring the center on the boundary between the garbage and the hole

EPU > Preparation tab > Presets, select Grid Square and click Preview

Right-click on a conspicuous piece of garbage > Move stage here

24



EPU > Preparation tab > Presets, select Hole/Eucentric and Preview

Right-click on a conspicuous piece of garbage > Move stage here

Right-click

-> Move stage here

EPU > Auto Functions tab, select Auto-eucentric by beam tilt

Set Presets to Hole/Eucentric and click Start

Check the display of "Auto-eucentric by stage tilt finished successfully" in Status

25



Acquiring positive tilt image (1)...

Succeeded=True, Measured defocus=-0.021um
Measured defocus = -0.021pm.

Automatic grid square preparation stopped due to failure.

20

EPU > Preparation tab > Presets, select Hole/Eucentric and click Preview

Move stage here to the corner of the garbage or the intersection of the garbage
and the hole.

Right-click

-> Move stage here

thermoscientific
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Start Velox (two windows, but only use Acquisition)

From the right-click menu

Can display the center cross-hair

Switch the EPU screen to the Atlas tab. Otherwise, it will cause an error as

they will compete for Falcon.
E Click on the icon. The beam irradiation begins and the image is captured.

*Be careful as it will continue to irradiate until you manually stop.
Double-click to move where you want to go to the image

It comes mainly to the corner of the garbage or the intersection of the garbage
and the hole.

*| thought | wouldn't double-click several times?

D Acquniton - veen o x

Double click to

go there

E Click the icon again to end the beam irradiation

21



EPU > Preparation tab, select Calibrate Image Shift and Acquire > Resume

v @&  Preparation Atlas Auto Functions EPU

@ a8 9 A

Acquire Reset
Calibration

Image Shi

Vv Tasks Atlas (10¢

Acquisition and Optics Settings v @&  Preparation Atlas Auto Functions EPU

Atlas Optics Alignment 9 o ’ .
o

Calibrate Image Shifts Tutorial Resume  Stop

Activate Phase Plate

Targeting Correction

v Tasks

Atlas, Grid square, Hole/eucentric, and Data acquisition are taken sequentially at

the magnification set.

28



In the image at each magnification, specify the corresponding point by double-
clicking.

*Performed in order from the high-magnification image. It is a good idea to match the

scale of both images as much as possible and double-click on the corresponding point.

Click Store Calibration

v & Preparation Atlas Auto Functions

@ v 2 A

Acquire  Reset
Calibration

Image Shift Calibration
v Tasks Atlas (10

Acquisition and Optics Settings
Atlas Optics Alignment
Calibrate Image Shifts

Activate Phase Plate

Targeting Correction

*If you change the magnification, you will start over each time.

29



7. AutoCTF (Correction of Astigmatism and Coma Aberrations)

*This correction can only be done with a carbon film grid.

*For the adjustment method using Sherpa, refer to Section Ill. S4.

EPU > Preparation tab > Presets > Hole/Eucentric, there should be a garbage

image left. Right-click on the nearest carbon surface and Move stage here

Right-click
->= Move stage here

Be careful if the observation sample is a fibrous polymer!

In many cases, the sample is also densely covered with carbon surfaces, and there is
a risk that the thon ring will be significantly distorted due to the regularity of the
sample.

If you proceed with the adjustment as it is, it will be very strange

Adjustment using Sherpa (lll. 4.) Somewhat safer because you take a Snap first

EPU > Preparation tab > Presets, select Data Acquisition and click Set

thermosdientific
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TUI > Autoloader tab > Apertures, make sure it's C2=50, Obj=none

Vorkset Apertures D
Setup AutoloaderEFTEM K }l Condenser 12000

Condenser 2 50 v Adjust

Condenser3 1000

Il Objective I [none] vI Adjust |

|SelectedAreaI [none] v I Adjust |

Press R1 to lower the fluorescent plate

If the beam is not centered, center it with Direct Alignment > Beam Shift and

click Done

Direct Alignments

Gun Tilt A
Gun Shift

nP Beam tilt pp X

nP Beam it pp Y

Tomo Beam shift

Center C2 aperture

Condenser center TEM v

[ &uto help

Set again in Data Acquisition and press R1 to raise the fluorophore

thermoscientific
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EPU > Auto Functions tab, select Autostigmate and click Start

*Adjustment of astigmatism is made
*Thon ring should be a perfect circle, so it should be adjusted to be that way

*Check the display of "Autostigmate finished successfully"

32



EPU > Auto Functions tab, select Autocoma and click Start

2 U

v @& Prepaation At AutoFunctions  EPU (_

Pl Frees honmeg v

v  Auto-Functions (TEM)

> Calibrations

*Adjustment of coma aberration is carried out

*The ellipse of the top and bottom (left and right) Thon rings should be similar, so they
should be adjusted so that they are

*Check the display of "Autocoma finished successfully"

Select Autostigmate again and click Start

33



8. Setting up Dose

EPU > Atlas tab, right click on the hole in the Grid > Move stage here

Right-click
-= Move stage here

EPU > Preparation tab >Presets, select Grid Square and click Preview

(Make sure you're in the hole)

EPU > Preparation tab > Presets, select Data Acquisition, Set and Press R1 to
lower the fluorescent plate
If the beam is not centered, center it with Direct Alignment > Beam Shift and

click Done

Gun Tilt ~
Gun Shift

nP Beam tilt pp X

nP Beam tit pp Y

Tomo Bearn shift

Center C2 aperture

Condenser center TEM v

[ Awto help
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Check Beam Current with TUI

High tension: 300 k|
nP EFTEM Screen current: 0.000 nA
SA 6500 x Spot size: 4
Py
Flash if it looks below 5 L L 2
Operate Gun Lens: 18
(TUI > Set up tab > E-CFEG Control) =
. Vopt: 3561V Bdractor: 3533V
*Close the column valve when flushing e 2561 2918V
Beam curment: 5.0nA

Status:  Operate

EPU > Preparation tab > Presets, select Data Acquisition and click Set

thermoscientific

TUI > Autoloader tab > Apertures and make sure it's C2=50, Obj=none

orkset Apertures |
Setup AuloloadelEFTEM K 'l Condenser 12000 v

Condenser2 |50 v Adjust

Condenser3 /1000

II Objective | [none] vI Adjust |

|5&IecledArea| [none] v~ | Adjust |

Make sure that fractions = Manual, compression is checked.

U EPU

v @  Preparation Atlas Auto Functions

Presets Data Acquisition v Camera Falcon 4i Fractions Manual v Dose (e/A?)
(& Import Compression L Exp. Time (s) 3.69 Vi e

(> Export Align Fractions (Nr) 42 Frames (Nr): 126

Camera Settings Exposure Settings

*Configuring in TIFF format

*If you want to shoot in EER format, please describe it separately.
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Click Measure

® ey thermoscientific

v @ Prepaation  Atlas  AutoFunctions

Presets Data Acquisition v Camera Falcon4i v Fractions Manual v Dose (e/A%) SiEle Measure I._I"l @ NanoProbe v

G Import Compression @I® Exp. Time (s) 3.69 v IS Get Q 165000x
(& Export Align Fractions (Nr) 42 Frames (Nr): 126 < (pm) -2.00
Exposur

Select 50 from the Dose pulldown (this value is often better)

2V EPU

v @ Preparation  Atls  AutoFunctions  EPU )

Presets Data Acquisition v

Fine-tune the Exp. Time so that the value of Fractions (preferably 40-50) x

(integer) = Frames. The value of Dose also changes accordingly.

BV EPU

v 8 Preparation Atlas Auto Functions EPU )

Presets Data Acquisition v

*If the value of Frames is not divisible by the value of Fractions, a problem occurs when

Motion correction occurs.

Finally preview and then take a screenshot
*When you preview, information such as pixel size appears in the lower right corner of

the screen.

thermoscients
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Take the entire screen with a screenshot app

*Save to the user's directory on the day

That's all for the daily adjustment!
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9. Acquisition of Gain Reference (Execute only after Conditioning)

*After conditioning, obtain the gain reference according to IlI-3. (p.46-).

This will take about 20 minutes.
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Ill. Adjustments and maintenance as needed

1. Conditioning

Basically, do it every two weeks

TUI > Autoloader tab > Temperature Control

| Setup [Butoloader | Stage  EFTEM (¢ d

— Status
All Nitrogen Temperature

— Dewar levels
Autoloader
Column

— Temperatures
Docker

Holder

Cassette gripper
Cartridge gripper
Autoloader Dewar
Column Dewar

5 h 34 min
9 h 53 min

-1828°C
-1838°C
-1855°C
-181.9°C

Filling

At Conditioning Column
' Conditioning Autoloader

Set: Conﬂlbonlng Botr I

— After Conditioning

Set:  None

Click the triangle to view the State tab

Go to: From the pull-down menu, select Conditioning Both

At: Enter the current date and time + about 2 minutes and click the enter button

I stete | Filing | IR

— Temperature State
Goto:

v

[ar | 20232024 1011 EE AM S

Set:  None

*Beware of mistakes in AM and PM

*Depending on the amount of liquid nitrogen remaining in the Dewar at the start, it may

take up to 12 hours to return to room temperature

*You want to ensure that the room temperature continues for at least a few hours after it

is fully returned to room temperature
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After the above settings are completed, the After Conditioning item will be
configurable, so

Go to: From the pull-down menu, select All Nitrogen Temperature delayed

! State | Filling !

— Temperature State

o to; S = 7:5
% an2imin ||| 4 [(2/23/2004 101158 AMES

Set: Enter the date and time you want to start cooling and click the enter button

The set time is displayed

— After Conditioning
Set: Al Mitrogen ‘eb-25-24 10:11
Clear Return Cmd

*You can redo the settings with Clear Return Cmd.

*Sufficient cooling is achieved in about 2 hours from the start of re-cooling
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If the Autoloader and column are at room temperature for a long time (more
than 12 hours), the detector will also stop cooling
*If the column is at room temperature, the vacuum will be a little worse. If the detector is

cooled in that state, it is easy for debris to stick to it

Double-click Falcon 4i Service Tool and Ceta Service Tool from the desktop

shortcut icon to open it

T 1}

FalcondSer... CetaServic...
- Shortcut - Shortcut

Falcon 4i Service Tool > Basic Operations tab, clear Cooling controlled by TEM
server checkbox

Change Cooling from ON to OFF

Cameras Selected camera
EF-Falcon
Operational Status overview Pl | CMTS | Sensor defects | Version Information
Acquisition contro Temperature control
Source: Sensor - | [Apply] Status [Off

[Acquird  Sensor temperature -0.7°C

Calibrations Current setpoint -20.0°C

Calibration Status Timestamp [C] Cooling controlled by TEM server
VCOcaibration  |NotCalibrated  |2023-06-067153323 | -
Dark level bias Calibrated 2023-06-06T15:34:48 Cooling On
U 4D Bandgap trimming Calibrated 2023-06-06T15:32:10 Setpoint -20.0°C
nassigned Devices ADC A e = e

Sensor calibration requires stable cooling

Ceta Service Tool > Basic Operations tab, clear Cooling controlled by TEM

server checkbox

Change Cooling from ON to OFF

*This is automatically turned off.

SU Camera Settings Monitor Network Version Information Sensor Defects Boot Info
Insertion control Temperature control
Actual insertion state: Retracted Status Off
Sensor temperature: 6.8 °C
Retract Insert oo
Current setpoint -18°C
Open Close Home
I@\ Off [ Cooling controlled by TEM server I
Board detection O Cooling On Setpoint: -18 °C

CSU Main board: Ok CSUDDR Ok

Falcon 4i Service Tool and Ceta Service Tool windows do not close

* When closed, the cooling control is transferred to the TUI, and cooling starts again.
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2. Energy filter related (adjusted using Sherpa)

After Conditioning (every 2 weeks), make this adjustment during the first

measurement
EPU > Atlas tab, right click on the hole in the Grid > Move stage here

Right-click
= Move stage here

EPU > Preparation tab > Select Presets or Grid Square and click Preview

(Make sure you're in the hole)

Insert it @
Slt Width (€¥) 10.0
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Press R1 to lower the fluorescent plate

If the beam is not centered, center it with Direct Alignment > Beam Shift and

click Done

Make sure the beam hits the entire green circle

Direct Alignments

Gun Tilt

Gun Shift

nP Beam tilt pp X

nP Beam tilt pp Y
Tomo Beam shift
Center C2 aperture
Condenser center TEM

~

v

[ Auto help

Press R1 to raise the fluorescent plate

Microscope Software Launcher > Tools > Sherpa

File | Tools

W Microscope Software Launcher

Windows  Options
Autoloader
Camera and detector
Optics
Other

Blanker Shutter Monitor

{2 Diagnostic Auto Report Tool

EPU

Microscope Ul Access Provider

Sherpa

&
as |
starl

{
Date tim¢
202501 *
202501 @
20250
20250
20250
20250
20250 u

Vacuum Analyzer

= X
Details
service
lessing Service' service.
Fvice' service

hation Service' service.
Service' service.
Service' service

vice' service.

2025-07-26 11:42:45
§ 202507-26 11:42:25
2025-07-26 11:42:25
2025-07-26 11:42:25
§ 2025-07-26 11:40:50
2025-07-26 11:40:45

Ttan
Tan
Tian

Titan

L
Starting "FluCam Viewer’ application

Starting Microscope User Interface” application
Starting "System Configuration Tracker' application
Tem' server is started

Starting Tem' server.

Starting "FW Validation Check' application.

o
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Click the Energy Filter button on the left side of the Sherpa Window

Look at the Settings square at the bottom left of the Sherpa Window

Check EF-Falcon, Bin=1, Exp time=0.5sec, Electron counting

Look at the Controls square in the top left corner of the Sherpa Window

Zero loss: Click the Center button to pass the beam through the center of the slit
Confirm that it says completed in the bottom right corner of the screen (same

below)

Isochromaticity: Click Tune to even out the energy hitting the camera
*After a while, an image of a red, green, blue image will appear. Wait a few minutes for

the color of this screen to turn green uniformly

[
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Geometric and Chromatic Distortions > Tune Magnification, click the button

mowesen ________
€00n 004 E10-0) E20w 0 30 08
eote0 on

o= 001
Max Non soctemateny © 022 0V [10ec 038
RS Nan-sactmatcty - 005 eV

Te-180050,
e 073077,

Nimax= 0.168, Nims= 0,080

Nimax= 0,168, Nims= 0,040

o '
o .—o——o-‘—‘—l
P ORI TR P Y

pre

P .
<o
Y
_ 10
ame
s
teora | EN—
Sosmsetme (4 e
e oo 505 €107 00 G- DB 007
[ 31 901 it 001 21e 400
[ S—) O e oot
e 001
R | | extesccmency ;017 o ponc 0

Geometric and Chromatic Distortions > Tune Distortions, click the button

mowmmen ___________
€00e 004 E10-0) G20 0 E30- 08
Evtem om

° o
oo
0
o1
o 00
ki
E1e 02 e21e

o= 001
s o sccrmateny - 022 0V [spac 038
RUS Nan-sachvmatcty - 008 eV

! |

NTe100:- 050, stap= 19, e

e 073077,

Nimax= 0168, Nims= 0.040

Nimax= 0,168, Nims= 0,040

e

Exponse tme (5]
2 et
Bectron countrg. 901 Ette 001 E21a 4
S e
[——] fo
[ ]

0 ._._4_.-4-‘-‘
E OB T TR

Zero loss: Click the Center button again to adjust the turn
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3. Acquisition of Gain Reference

After each conditioning (every two weeks), acquire the gain reference.

EPU > Atlas tab, right-click on a grid area with a hole > Move stage here

Right-click
-> Move stage here

EPU > Preparation tab > Presets, select Grid Square and click Preview.

* Confirm that you are positioned over a hole.

EPU > Preparation tab > Presets, select Data Acquisition and click Set.

Press R1 to lower the fluorescent screen.

If the beam is not centered, use Direct Alignment > Beam Shift to center it,
then click Done.

Gun Tilt "
Gun Shift

nP Beam tilt pp X

nP Beam tilt pp Y

Tomo Beam shift

Center C2 aperture

Condenser center TEM v

[ Auto help
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Check that TUI > Autoloader tab > Apertures is set to C2 = 50 and Obj = none.

Workset Apertures |
Setup AutoloadelEFTEM (K bl Condenser 1 e

v Adjust

Condenser2 50

Condenser3 1000 ~

Il Objective I [none] vI Adjust |

ISeIectedAreal [none] v | Adjust |

Microscope Software Launcher > Tools > Camera and detector

> Falcon 4i Reference Image Manager

@ Microscope Software Launcher — X [ Falcon-4() Reference Image Manager - o x
File [Tools | Windows  Options Camens Eifeicond]
Acquisition Intensity
Autoloader v |
ki Camera and detector » I B Falcon 4(j) Reference Image Manager Ex ah e
—_
Optics > | @ FluCamViewer Meagued io
Other » |@ Reference Image Manager ] | |
i [ Blanker Shutter Monitor Reference Image Manager (Supervisor)
Datetim _' ; a g Ll Available reference images
20250] € Diagnostic Auto Report Tool ——
250 Py e Description Date Creted
Tl PSS e [Eestcounting Gain 6/26/2025 101937 AM_]
20250 ¥ nationService' service. Integrating Gain 12/20/2023 12:27:05 PM
20250] = Sherpa Service' service
202501 (@  Vacuum Analyzer Service' service.
20250 ' service.

L
Starting FluCam Viewer application
Starting ‘Microscope User Interface” application
Starting "System Configuration Tracker' application
Tem' server s started

Starting Tem' server.

Starting FW Validation Check' application

2025-07-26 11:4245  Ttan
20250726 11:4225  Ttan
20250726 11:4225  Tian
2025-07-26 11:42:25
j 2025-07-26 11:40:50
20250726 11:40:45  Tian

High tension: 300 kV [Reset dark referenc

Status: Operational
Insertion State: Inserted
Cooling State: CoolingStable

Ready for acquiring Reference Images

Since it is in counting mode, select Post-Counting Gain.
Press R1 to raise the fluorescent screen and click Measure Dose.

Confirm that the bar is within the green range.
*For Falcon 4i, 1-12.5 e/px/s is appropriate. If it is outside this range, check the settings

in Data Acquisition.
Click Acquire (this takes about 20 minutes).
Confirm that the date of the Post-Counting Gain has been updated.

EPU > Preparation tab > Presets, select Data Acquisition and click Preview.
Confirm that the obtained image is flat.
* gain file is copied into OffloadData/ImagesForProcessing/EF-Falcon/300kV/ when

measurement is started in EPU.
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4. Sherpa-based AutoCTF

* This correction can only be performed with a carbon film grid.

* |t is assumed that the operations up to this point have already established the eucentric

height.

EPU > Preparation tab > Presets > Hole/Eucentric, there should be a garbage
image remaining.

Right-click on the nearest clean carbon area and select “Move stage here.”

Right-click
-> Move stage here

Be careful if the observation sample is a fibrous polymer! In many cases, the
carbon surface is also densely covered with the sample, and the regularity
originating from the sample may severely distort the Thon ring. If you proceed

with the adjustment as it is, the results will become extremely incorrect.

EPU > Preparation tab > Presets, select Data Acquisition and click Set.

thermoscientific

Check that TUI > Autoloader tab > Apertures is set to C2 = 50 and Obj = none.
Setup  Autoloader| Stage |EFTEM (<[ Condenser 12000 v
| |

Condenser3 1000 ~ Adjust

Il Obijective | [none] vi Adjust

|Se|ecledArea| [none] v~ | Adjust




Press R1 to lower the fluorescent screen.
If the beam is not centered, use Direct Alignment > Beam Shift to center it,

then click Done.

Direct Alignments

Gun Tilt A
Gun Shift

nP Beam tilt pp X

nP Beam tilt pp '

Beam shift

Tomo Beam shift
Center C2 aperture
Condenser center TEM v

[ &uto help

Set it again in Data Acquisition, then press R1 to raise the fluorescent screen

Preparation  Atlas

Microscope Software Launcher > Tools > Sherpa

W Microscope Software Launcher = X m

File [ Tools | Windows Options =

Autoloader > — ]
h% Camera and detector » e
=3 Optics » _—
— e -
Other >
I Date tind B  Blanker Shutter Monitor Details
202501 €2  Diagnostic Auto Report Tool i
20250] @ EPU lessing Service' service.
20250 vice' service.
F
20250 ®  Microscope Ul Access Provider e
20250) L Sherp2 | Service' service
202501 (B  Vacuum Analyzer Service' service
20250 —z o wgrwhent: ice’ service.
2025-07-26 11:42.45 Tian Starting ‘FluCam Viewer’ application
2025-07-26 11:4225 Titan Starting ‘Microscope User Interface’ application ol
2025-07-26 11:4225 Ttan Starting "System Configuration Tracker' application i
202507-26 11:42:25 Tem' serveris started
J 2025-07-26 11:40:50 Starting Tem' server.
202507-26 11:40:45  Titan Starting ‘FW Validation Check application.

49



Click the AutoCTF button on the left side of the Sherpa Window.
Set Camera > Type to EF-Falcon.
Since it is in EC mode, check the box for Electron counting.

Set Exp. Time = 2, Binning = 2, Readout = Full, and check Auto-focus-to, then

set it to -1.0.

= Scroll down

Click “Measure” for Objective Stigmation.

* Is there any large debris visible in the carbon-film image?

* Is there any unusual pattern in the Thon ring?

* If any abnormality is observed, move the stage slightly and try again.

* If the Thon ring cannot be detected, turn the Focus dial and apply a defocus of -

800 nm.
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"

If the Thon ring is detected, click “Correct.

o | e

]

4PM error: o found. Loadng and propery. Please make sure the fle & prasent and restart Sherpa.
(Calulated reatwe EF entrance poston (1.56e-02, -2.83e-02) was stored o TEM calbrations to be used by other clents.

* |t corrects the objective-lens astigmatism. If the image is too dark, it may fail to detect

it.
* Do not stop the process midway. If you stop it, the system may remain in an abnormal

intermediate state.

When “Completed” appears in the lower right corner, click “Correct” for Coma

(to correct coma aberration).

Sherpa 3.0.1

9 Autafocusto fum:

When “Completed” appears in the lower right corner, click “Correct” for

Objective Stigmation once again.

* |f AutoCTF is not working at all, something is wrong. Start over from the beginning.

5. Recovery from Large Beam Shifts
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TUI > Alignment tab > Alignments > Option > File tab, select the item 300 kV

(the latest one created on 11/27/2024),

move all items in Available to Selected, and click Apply.

orkset Alignments —l Deflectar
Alignment G O Gun Curtent fle:  [@300kv
Camera Phase plate  Alig Magl [ ) Align EFTEM
{2 Align PhasePlate File Date & time 2
@300kY 12/21/20231413
APM_D4280H... 12/18/202318:06
factoryD4280H... 8/1/202316:21
factoryD4280H... 8/7/202315:02
User alignment... 12/22/202310:31 v
< >
Selected Available
Beam HM-TEW A
Beam LM
Beam NanoPrc <
Column
EFTEM HM
EFTEM LM
EFTEM NanoF >
Energy Filter
!Eun Y
Last loaded:
[Jauohelp [ Large font | 00

TUI > Setup tab > FEG registers, select Nanoprobe EFTEM 300 kV (the latest
version updated on 11/29/2024) and click Set.
* This is also effective in cases of beam loss. However, once you perform this operation,

all adjustments must be redone from the beginning.

Workset ‘ FEG Registers )|
Setup  Autoloader Stage EFTEM (¢ [» I Set Update Delete
Lbl Date
Nanoprobe TEM 300kV 1241872
Nanoprobe EFTEM 300kY 1241872
Microprobe TEM 300k 1241842
PP 12/419/2
< >
MNanoprobe EFTEM 300kY Add
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6. Rotation Center (passing the current axis through the center of the objective

lens)

*This adjustment is not necessary when performing AutoCTF
(the coma correction in AutoCTF is more accurate).

*Perform this adjustment? only when, for some reason, AutoCTF is not performed.

EPU > Atlas tab

Right-click on a location with noticeable debris > Move stage here

EDB‘Right-cnck

-= Nove stage here

ne
D.
L)
)
@
&
@

*Choose debris that is not too large. You can zoom in/out of the image using the mouse
wheel. A relatively clean square makes the following adjustments easier.

It is good to place the center on the boundary between the debris and the hole.

EPU > Preparation tab > Presets, select Grid Square and click Preview.

Right-click on a spot with noticeable debris > Move stage here.
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EPU > Preparation tab > Presets, select Hole/Eucentric and click Preview.

Right-click on a spot with noticeable debris > Move stage here.

B Right-click
% - Move stage here

EPU > Auto Functions tab, select Auto-eucentric by beam tilt.
Set Presets to Hole/Eucentric and click Start.
In Status, confirm that the message "Auto-eucentric by stage tilt finished

successfully” is displayed.

*The tilt axis runs horizontally relative to the screen.
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Press R1 to lower the fluorescent screen. (If the debris is not at the center of

the green circle, move it to the center using the joystick.)

At this magnification, it's hard to see on
the fluorescent screen, but you can use
the mouse wheel to adjust the contrast.

As long as you can faintly see a dark

shadow, that's enough.

EPU > Preparation tab > Presets, select Data Acquisition and click Set.

thermoscientific

TUI > Stage tab > Apertures: set C2 = 150 (to widen the field of view) and Obj
none.
*Since the image orientation differs between EPU and the fluorescent screen, keep that in

mind (is it rotated by 90°7?).

Turn the Magnification dial several clicks to the right to increase the
magnification to x350k.

High tension 300 kV Beam Current 5.0 nA Unavail. Convergence angle:  0.00 nrad

v
Screen current 0.000 nA Defocus 358 um Obj Lens: 80.8623 %  Cooind ch aeen s i
8

Stable
Spot size: 4 llluminated area: 700 nm C2 Lens: 41.005 % x: 261.93 ym

Confirm that it is

set to 350 kx

* |f the debris is hard to see, click

‘Natural’
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TUI Bottom-right > Direct Alignment > Rotation Center

Direct Alignments

- Center C2 aperture A
- Condenser center TEM

Tomo Rotation center

Coma-free Alignment X

Coma-free Alignment Y

i Coma-free Pivot Point X

i Coma-free Pivot Point Y v

Done I [ &uto help

Use the Multifunction dial to make fine adjustments so that the debris no

longer moves up, down, left, or right.

* Since coma aberration will be corrected later with AutoCTF, it only needs to be

reasonably aligned at this stage.

Click Done.

- Center C2 aperture ~
i Condenser center TEM

otation center

- Tomo Rotation center

- Coma-free Alignment X

i Coma-free Alignment Y

. Comarfree Pivot Paint X

i Coma-free Pivot Paint Y v

[ Auto help
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V. Other notes / Additional cautions

1. When Auto-eucentric fails in the EPU tab (Hole selection)

Prepare all
Squares

Auto Functions tab > Auto-eucentric by beam tilt > Start

If it still fails, select Auto-eucentric by stage tilt > Start

Either one succeeding is sufficient.

Once the Eucentric height has been determined, return to Hole selection and
click Acquire.

*If you do not do this, the Eucentric height will not be applied.

*However, with this method, you must perform the operation
manually each time it fails.

*This cannot be handled when using Multi-grid.

Eucentric failure generally occurs because the image is dark (poor contrast) and
proper correlation cannot be achieved.

*It often fails when the ice is thick.

> Increase exposure time (increase beam intensity) or increase defocus to

compensate.

EPU > Preparation tab > Presets > Hole/Eucentric, adjust the Exp. Time and
defocus values.

*Increasing exposure causes more damage. With Spot Size = 4, up to around 4 seconds?

v B Tee ) 2 v - ) fl @ Narcirobe v oot Sue 4
il
Lt St

Q o0 v B

- ) NN 2 Apertane ¥
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However, the defocus value set in the Preparation tab under Hole/Eucentric is not
reflected in Auto-eucentric in the EPU tab.

*It seems to be fixed at 5 um.

Therefore, the only option is to compensate by increasing the Exp. Time.
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2. Determining Eucentric Height at a Specific Location

EPU > Preparation tab > Presets > Hole/Eucentric:

Set the Exp. Time and defocus values to larger values.

EPU > Auto Functions tab > Auto-eucentric by beam tilt > click Start

Or:

EPU > Auto Functions tab > Auto-eucentric by stage tilt:

Check the values in Auto Function Settings.

P
Maximum Z-height Deviation (pm)

Final stage tilt (°)

Auto Function Settings

Default values are:

0.5 ym,15°

*If you increase the value of Maximum Z-height Deviation, the tolerance becomes looser,
making it more likely to be judged as “success.”

*You may also try setting the Final stage tilt to around 30
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There is also the option of manually determining the tilt angle (o) and the Z-axis
position using Stage2 while checking the image in Velox.

*|t seems that this is how it used to be done in the past.

I e set | sett ]

Current  Undo

x [ Jum 4 7as

¥ un 95490 65197
Iz 50 umI 8 27
Go add | [Update| [Dekete o 008150
* 0.0 0.0

o

FR | Tracks Tit Beta Compucentiicaly
- GoTo Undo
v [l ]
Ozis relative Z2=0
Pressing Enter => Go To
JLJ

Y

The a wobbler on control

panel L1 is also enabled
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3. EER Data Collection Notes

EPU > Preparation tab > Presets, select Data Acquisition

Set Fractions = EER and Compression = No.

BV EPU

Y @&  Preparation Atlas Auto Functions EPU )

Presets Data Acquisition v

*The number of frames in an EER-format movie will be the value of [Frames (Nr) found

under

EPU > Preparation tab > Data Acquisition > Exposure Settings.

* When you divide this value by the| Dose (e/A?) bnd enter the result into EER

fractionation in RELION’s Motion Correction, the Dose per frame becomes 1 (e/A?).

(For example: if EPU displays 50 e/A? and 1220 frames, divide 1220 by 50 to obtain 24,

and enter this value in EER fractionation.)
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4. Dose Rate, Spot Size, llluminated Area

When the magnification is increased, the dose rate also increases.
-> If you want to keep the total dose constant, the exposure time becomes

shorter.

oV EPU

v @ Preparation  Atls  Autofunctions  EPU )

Presets Data Acquisition v

In addition to magnification, spot size and illuminated area also affect the dose
rate.

@ NanoProbe v Spot Size 4 Insert Slit Yes
Q 270000x v Il Area (pm) 0.45 Slit Width (ev) 10.0

< (pm) -2.00 C2 Aperture 50

[R—
*When you decrease the spot size number or narrow the illuminated area, electrons are
concentrated into a smaller region, increasing the dose rate (i.e., the image becomes
brighter).

*Lowering the spot size number by one step roughly doubles the brightness.

*If the dose rate is too high, it results in lower DQE and increased damage to the sample;
therefore, settings should be adjusted so that the indicator bar does not reach the red
zone. | :

*For the illuminated area, adjust it so that the beis larger than the green edge of the
fluorescent screen, and set an appropriate value while comparing it with the detector size

in the Template Definition.

If it is too narrow, the beam may easily shift out of view during focus adjustment or near

the edges of AFIS.

The square indicates the detector’s

field of view.

The circle represents the illuminated

area. It should be taken sufficiently

wide relative to the field of view.

* As a standard, at a magnification of 165k, use Spot Size = 4 and Illluminated Area =

0.70.
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V. Atlas Acquisition

EPU > Atlas tab, select the atlas acquired for adjustment and click Reset
Selected.

* |t is better to rewrite (reacquire) the Atlas after performing Calibrate Image Shift.
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Click Acquiring, and the image will be displayed.
* Since a 4 x 4 overview image is acquired, wait for a while. Including the time required

for grid exchange, it takes about 8 minutes per grid.

thermoscientfic

If, for some reason, you want to re-acquire the Atlas for only a specific grid:
Select that grid in the Atlas tab, click the Reset Selected button in the upper left,
and the data will be cleared.

Then, check the grid again and click Start.

thermoscientific
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VI. Data Acquisition

1. Grid Screening

EPU > Atlas tab, select the target grid and click Load Sample.

EPU at the bottom right > Click CryoFlow Login

CryoFlow Login

Enter the User ID (epu) and password, then click Sign In.

CryoFlow™

Email or Username: *

Password: *

Remember me

Once you are logged into CryoFlow, the display at the bottom right of the EPU

screen will change.
epu CryoFlow Logout
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EPU > EPU tab, select Session Creation > New Session > Yes.

Atlss  AutoFunctions  EPU

EPU New Session Setup

, o You are about to create a new EPU session.
(o Do you want to use the preferences of the current session?

Session Setup
Square Selection Yes No Cancel
Hole Selection

Template on

Template Execution
Execution

Automated Acquisition

Click Session Setup.
Session name: Do not change

Select Session type: Manual and Acquisition mode: Faster.

Preparation Atlas Auto Functions

Start Session

Session Creation General session settings

Preparation Session name: Supervisor_20250902_131458_75
Session Setup Seid pe: >
Geometry type: .
Session type: Automated ® Manual
Acquisition Mode: Accurate ® Faster
Tilted Acquisition:

Use Phase Plate

CryoFlow settings

Selected workflow:

Selected dataset:

Output settings

Image format:
Output folder: z 0 26\Screening
Set as default storage folder

Email settings

Email recipients:

CryoFlow settings > Select

CryoFlow settings

Selected workflow:

Selected dataset:




Create newFolder

@u  CryoFlow

isher

ThermofFi:
SCIENTIFIC

CryoFlow

A Mylab

EPU_RUN_QM

EPU_RUN_QM

Thermofisher  CryoFiow

Mylab

thermoscientific

My Lab

@ No details available

© No recent activities found

thermoscientific

My Lab

© No details available

[

Name

250001

Description

Confirm that a new folder has been created.

* When creating a new Session after changing the grid, select this folder.

Create new > Single particle analysis with...

u Cryoflow

ThermoFisher

CIENTIFIC

CryoFlow

A wywb

EPU_RUN_QM

EPU_RUN_QM

thermoscientific

250902

‘ Folder

&h  single particle analysis

@ No activities found

o/

Sep 2, 2025, 1:41:10 PM

+ &k Single particle analysis witl




Enter the grid name, etc. in Name (e.g., slot_x, etc.) > OK

w Cryoriow thermoscientific

ThermoFisher  CryoFlow

MyLab 250902

o
] ‘ Folder Sep 2, 2025, 1:41:10 PM r/ Sep 2, 2025, 1:41:10 PM

s
B Folder &k Single particle analysis &k Single particle analysis witl
Name
siotd

Description

Create new > Screening

Leave Name as it is > OK

ThermoFisher  (ryofiow

A ww

L)
Single particle analysis 7 epu Sep 2, 2025, 1:42:18 PM (7 Sep 2, 2025, 1:42:18 PM

Sareening

Imaging
LN B courun

Output settings > ... and select the destination folder.

Example of a save location : Z:/userxxx/yymmdd/screen/slotxx
Click Apply.

Output settings

Image format: ® MRC TIFF
Output folder: Z:\user010_tokunaga\250902\screening\slotd

Set as default storage folder

Email settings

Email recipients:
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Click Square Selection > Squares are automatically selected, but click Unselect
All

thermoscientfic

* |t is good to include a variety such as thin ice, slightly thicker, and thick areas.

* If you want to display the numbers of the selected squares, right-click and choose Show
processing order.

* Take a screenshot: right-click — Export image with overlay.

Be careful: if you perform the above operations while zoomed in, the zoomed-in image

will be saved.
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Right-click on the screen > Show processing order

Open tile

Hole selection > click Auto Eucentric

Wait for a while as the system automatically searches for the Eucentric height.
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*|f Auto Eucentric fails, go to the Auto Functions tab and confirm that
Auto-eucentric by beam tilt is selected, then click Start.

* |f it still fails, select Auto-eucentric by stage tilt and click Start.

* |t is fine as long as either one succeeds.

* Once the Eucentric height has been determined, return to Hole selection and click
Acquire.

(If you do not do this, the determined Eucentric height will

not be applied.)

When the Eucentric height is successfully determined, click Measure Hole Size
to define the size of the hole and the spacing between adjacent holes.

thermoscientit

cle by

dragging with the mouse (precisely).

Align it exactly with the adjacent hole—
either vertically or horizontally; diagonal

alignment is not acceptable.

thermoscient
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If the holes are successfully detected, click Unselect All, then select several

representative holes (Ctrl + left-click).

Select with Ctrl + left-click.
| Deselect with Shift + left-click.

* |t is good to consider the apparent ice thickness—such as holes near the center or at

the edges of the square—when choosing them.

Click Prepare all Squares to apply the same procedure to all selected squares.

o/ SelectAl  fastscreening
#
e ton Unselect Al

Brush  Invert

Template Definition

Use Next Square / Previous Square to move between squares and confirm hole
detection.

For each square, click Unselect All, then select several representative holes.

/SN pustsasenng

Preparation

* For each square, take a screenshot of the selected holes.

Right-click > Export image with overlay
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Click Template Definition.

L=

Acquire > Find and Center Hole

Confirm that the hole is correctly recognized and positioned almost at the center
of the screen.
* If this does not work properly, all subsequent acquisitions will fail.

thermoscientif
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In Add Acquisition Area, specify which part of the hole to capture. You may

select multiple locations, such as the center and edge.

Under Add Autofocus Area, turn Auto ON.

v EPU

v @& Preparation  Atlas  Autofunctions  EPU

o 1[Gt 7
a S g @

Alternatively, turn Auto OFF and manually specify the irradiation position used

for focusing.

Accurately specify the

center between the holes.

Specify the defocus value. For screening, it is better to use a slightly larger value,
such as —2.0 ym.

If multiple capture points are specified, each can be configured individually

* Take a screenshot (use an app to capture the entire screen including the defocus value).

Automated Acquisition > Start
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2. Confirming Results in CryoFlow

On the CryoFlow monitoring PC, Edge > Bookmark > Sign in to CryoFlow

AR Type here to search

:. ) (5 Newtsdb x |+
G

m Import favorites iLO: esxi-1.dmp - IL... | B4 Sign in to CryoFlow E?, Home | CryoSPARC

On the login screen, enter the ID (epu) and password, then click Sign In.

CryoFlow™

Email or Username: *

epu

Password: *
]

Remember me

The CryoFlow Workspace will be displayed.

200 @ crren-vene  x [E —

€ C Aw g/ athenscryoem s ckayams-uacip oDt @ ! (b
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Click through the following in order:

Folder (date) > slot_x > Screening > Supervisor_xxx

Screening
CF Folder

+Add Fokder

Completed
..1S0r_20250902_160321_71 i

& D | @ oo s x |+ - 0 x
« C an g/ athenacryoem s okayama-u.acjp) ¢ D e R - (b

CF Dataset < A

SUploadFile  +Add Dataset o = = ks

L S Dae- sypervisor 20250902 16032171

—

a23A

Motion Traces

FoilHole_1786908_Data_1784496_0_20250902_162419

Mation corrected FFT and fit

* From the CTF, you can evaluate the resolution?

Click the Discovery viewer icon at the upper left of the screen, .

and select the grid you want to view.

.
: 0 B Cryoflow x |+
& G A Notsecure | hitps;//athenacryoem.riis.okayama-u.ac,jp/discovery-viewer

Sep 2, 2025, 2:05:16 PM

Sep 1, 2025, 7:43:38 PM

Sep 1, 2025, 7:10:16 PM

Aug 18, 2025, 6:58:40 PM

Aug 18, 2025, 6:48:52 PM

Jun 24, 2025, 4:38:44 PM
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The atlas is displayed, and the squares where data were acquired are highlighted.

Click the square you want to check.

Discovery Viewer Mierarchy  Links

* No ierarchy o dsplay

The square is displayed, and the holes where data were acquired are highlighted.

Click the hole you want to check.

The image captured from that hole is displayed.
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*When you click the bar, thumbnails of the images taken at that hole are shown.

Compare the acquired images from various locations on the grid and identify the

characteristics of good squares and good holes.

Once the screening of one grid is completed, replace the grid and repeat the

same procedure.
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3. Continuous Data Acquisition

EPU > Atlas tab, select the grid for data acquisition and click Load Sample.

thermoscienti

EPU New Session Setup

You are about to create a new EPU session.

. .
reparation Do you want to use the preferences of the current session?

Session Setup
Yes No Cancel

Execution

Automated

Click Session Setup.
Select Session type: Manual and Acquisition mode: Faster.

*CryoFlow is not used.

Session name: Supervisor_20240205_125754_32

Grid type: .
Session type: Automated ® Manual
Acquisition Mode: Accurate ® Faster

Use Phase Plate

Save destination : Z:/userxxx/yymmdd/data

Click Apply.
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Click Square Selection > Squares are automatically selected, but click Unselect

All, then select 20-30 squares.

*If the movement distance between squares is too large, measurement time will be lost.
* It is better to select squares so that the system moves sequentially through nearby

squares.

Click the Change button, then click the squares in the desired order to renumber
them accordingly.

BV EPU

o @ Preparation Atlas Auto Functions EPU

. h
C’\Sownl

8

Right-click the first square (No. 1) > Move stage to grid square

I ' ALl N 11 :
Bl Right-click =

-> Move stage to grid

Move stage here:

Move to the clicked location

Move stage to grid square:

Move to the center of the clicked square
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Click Hole selection.

Click the Auto Eucentric button at the upper left.

*If Auto Eucentric fails, go to the Auto Functions tab

and run Auto-eucentric by beam tilt or

*Once the Eucentric height is determined, return to

Auto-eucentric by stage tilt — Start.
| Hole selection and click Acquire.

If the Eucentric height is successfully determined, define the hole using Measure

Hole Size.

thermosc

s

© Adjust the size of the yellow circle

e S )

- by dragging the mouse (precisely).
Align it precisely with the adjacent
hole (vertically or horizontally;

; diagonal alignment is not allowed).
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If the holes are successfully detected, click Prepare all Squares.

* The same procedure will be applied to all selected squares.

Fast Screening
ect All

* |t takes about one minute per square.
* |f Eucentric fails, that square will be skipped.

If too many squares are skipped, adjust the Hole/Eucentric settings.

Check the automatically detected holes.
For holes containing debris or cracks, remove them manually using the selection
brush.

You may also adjust the two bars under “Filter Ice Quality” at the bottom right.

L4 o Ld o ® (] o &

Left-click to align the orange circle with the hole

you want to remove; that hole will be deselected

(swiping is also supported).

Use Shift + mouse wheel to adjust the size of the

orange circle.

* |t is safer not to select squares with cracks, as they tend to shake when irradiated with

electrons.

32



Use Next Square / Previous Square to move between squares and confirm or

correct the hole selection described above.

If you want to delete an entire square, display that square and select Unusable

square.

BV EPU

NG & Preparation Atlas Auto Functions EPU

B & 5 [T Z Q

* In Square selection, the square will be shown in red.

Move to the first square (Square Selection > Move stage to grid square).

Click Template Definition.

Aquire > Find and Center Hole

Confirm that the hole is correctly recognized and positioned almost at the center
of the screen.
* If this does not work properly, all subsequent acquisitions will fail.

* If it does not work well, redo Measure Hole Size in Hole Selection.
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Use Add Acquisition Area to specify where in the hole the image will be
acquired (shown in green).

* Multiple areas can be set (e.g., center and edge).

Specify the defocus value:
-0.6,-0.8,-1.0,-1.2,-1.4,-1.6, -1.8 um, etc.

When you check the button on the right, the value is applied to all areas.

Under Add Autofocus Area, turn Auto ON.

Alternatively, turn Auto OFF and manually specify the irradiation position used

for focusing.

Take a screenshot (use an app to capture the entire screen including the defocus

value).
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To estimate the dose, move to a hole in the grid.

EPU > Atlas tab, right-click on a hole in the grid > Move stage here

Right-click

A -> Move stage here

EPU > Preparation tab > Presets, select Grid Square and click Preview.

* Confirm that you are positioned over a hole.

EPU > Preparation tab > Presets, select Data Acquisition and click Set.
Press R1 to lower the fluorescent screen.
If the beam is not centered, use Direct Alignment > Beam Shift to center it,

then click Done.

Direct Alignments

Gun Tilt ~
Gun Shift

nP Beam tilt pp X

nP Beam it pp Y

Tomo Beam shift

Center C2 aperture

Condenser center TEM v

[ &uto help
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Check the Beam Current in the TUI.

High tension: 300 kV/| |
nP EFTEM Screen current: 0.000 nA
SA 6500 x Spot size: 4
If it appears to be below 5, perform a Flash.
*TUI > Set up tab > E-CFEG Control Operate | Gunlens: 18

. Flash
* When performing a flush, close the column valve.
Vopt: 3561V Bdractor: 3593V

Extractor range: 2561...3916 V
Beam curment: 50nA
Status:  Operate

High Tension

EPU > Preparation tab > Presets, select Data Acquisition and click Set.

thermoscientific

Insert it @8
St Width (e¥) 10.0

TUI > Autoloader tab > Apertures, confirm that C2

Apertures |
Setup AutoloaderEFTEM K .l Condenser1 2000 v

Condenser2 |50 v Adjust
Condenser3 1000
I Objective [none] v I Adjust |

50 and Obj = none.

Confirm that Fractions = Manual and Compression = Yes.

U EPU

v @&  Preparation Atlas Auto Functions

Presets Data Acquisition v Camera Falcon 4i Fractions Manual v Dose (e/A%)

(& Import Compression L] Exp. Time (s) 3.69 hal — il
(> Export Align Fractions (Nr) 42 Frames (Nr): 126

Exposure Settings

* Settings for TIFF format

* If you want to record in EER format, please refer to the separate description.
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Click “Measure”.

2 EPU

¥ @  Preparation Atlas Auto Functions U )

Presets Data Acquisition v

Select 50 from the Dose pulldown menu (this value is often appropriate).

2 EPU

¥ @&  Preparation Atlas Auto Functions U )

Presets Data Acquisition v

Adjust Exp. Time and the Fractions value so that:
Fractions (preferably 40-50) x (integer) = Frames.
*The Dose value changes in conjunction with Exp. Time.

v @ Preparaion  Atls  Autofunctions  EPU )

Presets Data Acquisition v

After that, perform a Preview and then take a screenshot.
*When you preview, information such as pixel size appears in the lower-right corner of

the screen.

(Capture the entire screen using an app.)
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EPU > Auto Functions tab > Center Zero-loss Peak

Change Presets to Zero-loss and click Start.

Preparation Atlas Auto Functions EPU

- X
> I I . Presets Zero-loss v

Start

E tion
v Auto-Functions (TEM)

Autofocus

Auto-eucentric by Beam Tilt
Auto-eucentric by Stage Tilt
Autostigmate

Autocoma

Drift Stabilization

Center Zero-loss Peak

> calibrations

EPU > EPU tab > Automated Acquisition
Set Auto Zero loss = Yes and Periodicity (hrs) = 12 hrs

Enable Close Col. Valves so that the column valve will close after measurement.

Click Start to begin the measurement.

Preparation Atlas Auto Functions EPU

Close Coll. Valves | Auto Zero Loss Yes v
Start Periodicity (hrs) 20
Run

urrent Session s Auto Zero Loss

Start

Session Creation
Preparation

Session Setup
Square Selection
Hole Selection
Template Definition

Template Execution

Execution

T
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4. Data Acquisition Using Multi-Grid Session

EPU > Atlas tab, select the first grid and click Load Sample.
Following pp. 85-87, estimate the dose.

EPU > EPU tab, go to Session Creation > New Queue > Yes

EPU New Session Setup

don. You are about to create a new EPU Session queue.
Do you want to use the preferences of the current session?

Preparation
Yes No Cancel

Execution

Automated Acquisition

Session name: Supervisor_20240731_200417_69 (SaVe d eSti nati on .
Grid type: .

Session type: ® Automated Z:/userxxx/yymmdd/multi)

Acquisition Mode: Accurate ® Faster

Session type: Automated (can only be selected)

Acquisition mode: Select Faster

Click Apply.
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The first grid is added to the Queue, and the Atlas is displayed.

Following pp. 80-81, select the squares and select the holes.

* Since this is Automated, hole-selection operations are performed only for the first
square.

* You also cannot manually include/exclude holes (selection by Ice Filter settings is

possible).

Click Template Definition.

Acquire > Find and Center Hole

Confirm that the hole is correctly recognized and positioned approximately at
the center of the screen.
* If this does not work properly, all subsequent acquisitions will fail.

* If it does not work well, redo Measure Hole Size in Hole Selection.

Following pp. 84, set the autofocus position, irradiation position, defocus values,

etc.
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EPU > EPU tab > Automated Acquisition

Auto Zero loss = Yes, Periodicity (hrs) = 12 hrs

(Adjust the timing so that it runs at least once per grid).

Enable “Close Col. Valves” to ensure the column valves close after measurement.

Preparation Atlas Auto Functions EPU
Close Col. Valves | Auto Zero Loss Yes U
Periodicity (hrs) 20

Auto Zero Loss

Start

Session Creation

Preparation

Session Setup
Square Selection
Hole Selection
Template Definition

Template Execution

Execution

i Acquisit

(With this, the setup for the first image is complete.)
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Replace the grid (Load Sample in the Atlas tab).

EPU tab > Session Queue, Add Session + Be Yes

Add

Session

Enter the save destination in the new Session window and click Apply.

Session

General session settings

Session name: Supervisor_20240731_200417_69

Grid type:

Session type: ® Automated

Acquisition Mode: Accurate ® Faster

Athena settings

Selected workflow:

Selected dataset:

Output settings
Image format: ® MRC TIFF
Output folder: Z:\user001_shen\240731\multi_grid
Set as default storage folder
Email settings

Email recipients:

The current grid is added to the queue.
As with the first grid, perform square selection, hole selection, and Template
Definition.

Repeat this for all target grids.

Set Max Exposures as needed.

Queue

Slot Session Name Status  Gridsquare Progress  Completed Exposures Max Exposures

@) @ Supervisor_20240731.200417.69 Planned 0/508 0

Once the set number of images is reached,

it moves on to the next grid.

Automated Acquisition > Start Queue
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* Batch setup using Auto-create Sessions

Complete the dose estimation (pp. 85-87) in advance.

After finishing the setup for the first grid, select that queue in Session Queue

and click Auto-create Sessions.

Auto-create
Sessions

Select the grids you want to add to the queue.

. Auto-create Sessions X

Select slots to fill queue

#@ Slot3 (slotDescription2)

@ Slot5 (slotDescriptiond)

® Slot9 (slotDescription8)

Click OK, and the selected grids will be added to the Queue. Cance

The newly created queue has its save destination set directly under the Z drive,
so enter the desired save destination in the Session window on the right and

click Apply.

From Square Selection, select the squares.
* Since the grid is not on the stage, hole settings and Template Definition cannot be

performed (the same settings as for the first grid will be used?).

Set Max Exposures as needed.

Queue

Slot Session Name Status  Gridsquare Progress  Completed Exposures Max Exposures

K

Once the set number of images is reached,

€0) @ Supervisor_20240731.200417.69 Planned 0/508 0

it moves on to the next grid.

Following p. 91, configure the Auto Zero-loss settings.

Automated Acquisition > Start Queue -

Start
Queue

That's all.
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