Very short summary (a recap for expert user)
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Purge the GIS by opening the valve for 10 seconds 2 times
Purge the chamber with 3 cycles if it was purged more than 5 days ago
Remove the shuttle from the chamber
Refill the LN, Dewar of the heat exchanger. When the temperature is below -160°C cool down the loading
station
Load your grid in the shuttle
Insert the shuttle in the microscope
Check both grids with the e-beam. If the loaded sample is good poor out the liquid nitrogen from the
loading station and leave in purge setting to dry and warm up.
Open Maps and aquire an overview image of the grids.
Target in Maps the cells you are interested in creating lamellas.
Do Eucentric and find minimum milling angle in Maps and store this data for all lamella site
Start milling your favorite site with ~1nA down to 3 um thickness.
Decrease the current to 0.5 nA - 0.3 nA down to 1.5 pum thickness.
Decrease the current to 0.1 nA - 50 pA down to 800 nm thickness.
Evaluate the thickness of the lamella
a. if above 400nm thin down to around 400nm at 0.1nA-50pA
b. if below 400nm go to the next lamella site and repeat step (11) to (14)
when all lamellas are below 400nm start the cleaning of all of them with the cleaning cross section pattern
at 50pA-10pA. Make sure to have a Z depth high enough to mill the full length of the lamella.



Preparing the System for use

1. Make sure that the shuttle is not on the stage (this can be

done by checking the chamber camera). :{n:
2. Purge the GIS at room temperature by opening the valve for _Sputter Coating
30 seconds 2 or 3 times minutes. You do not need a sample Recover from Sputtering |
fOI‘ thlS — ‘ Number of Cycles
= |

3. Purge the chamber if has not been done in the last 7 days. To
do so open the cryo-tab and click on prepare for sputtering.
When the “purge” button is available set the purge cycles to
3 and click “purge”. When the purge finish click on “recover Current |30.0 mA |
from sputtering”.

Voltage 600 V |

Pressure |4 [ II] a2

4. At this point you can remove the shuttle and place it in the
preparation station. However, make sure that during the
night it warmed up to room temperature for at least 4
hours, otherwise it must be backed in a fume hood to
remove the toxic residues of GIS deposition.

Run Time |=|+] 10 Sec |
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Run ‘




FIGURE 5-1 [NZ2 reservoir with Heat exchanger inserted / Heat exchanger itself
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Cooling the heat exchanger

1. Make sure you are wearing suitable personal protection
from liquid nitrogen (LN,) splashes.

2. Fill the heat exchanger dewar with LN,

3. Set the Pico-logger recording so that you can monitor the
cool down curve.

4. Once again verify that there is nitrogen flowing through the
lines; at least 6 liters per minute in both the stage and the
shield lines.

5. Lift out the plug from the dewar.

6. Lift the heat exchanger into the dewar taking care to lower it
into the LN,. Do this slowly to prevent the nitrogen from
being splashed from the dewar.

7. When the stage temperature is below -160 degrees, you can
start to cool down the preparation station and prepare your
samples.




Loading the sample 6
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. Start by pouring clean and fresh LN, into the preparation base central cavity, then into

Make sure you have samples, 4L of LN,, and the preparation station is dry and clean.
Make sure the shuttle is placed into the slide dock in the preparation station and locked.

Turn off the purging

the outer insulation with the aid of the funnel.

Keep refl“lng untll the LN2 Stops b0|||ng FIGURE 5-7 Standard lid / Transfer rod lid

Open the Autogrid slots by using the flat screw driver Open position is recognized by
the larger opening being at the top.

Pick your sample from the Autobox and directly insert it in the shuttle. y
Visually align the milling slot (if using cryoFIB Autogrids) in vertical position.

Repeat with the second grid if required.

___ Transfer Rod
Lid Hose

Close the Autogrids slots by rotating the eccentric screw. This is identified by having
the opening bellow screw.

Sliding Valve

Rotate the shuttle lock to allow the shuttle dock to be tipped up to the pick-up position.

Remove the lid from the preparation pot and replace with the load lock lid complete
with the transfer rod.




13.

14.
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To minimize contamination, these steps must be done without interruptions.

Place the transfer rod gripper into the open position, open the sliding valve, wait 40 seconds.
lower the rod into the shuttle and lock the sample. Retract the sample into the transfer rod and
lock the rod. Close the sliding valve.

Pump the transfer section for 20 seconds and close the transfer rod valve.

Vent the load lock and remove the transfer rod. Walk to the microscope and press vent on the
cryo loader. Remove the blank cover and replace it with the transfer rod.

Click the pump button on the cryo loader (it requires a long press). After around 5-10 seconds
you will hear a ‘click’ and the gate valve will be unlocked. You can then open the gate valve on
the Aquilos side. This is done by rotating the lever towards you then pulling the gate open.

Allow the vacuum to equilibrate for a few seconds to ensure that contamination is cleared, then
open transfer rod valve.

Unlock the loading rod lock and slide the shuttle in. The rod is the exact length so slide it in all
the way to the end stop. The stage is automatically moved to the loading position when the pump
button is pressed.

Release the clamp by pushing and rotating the trigger on the slide.
Retract the rod and lock it.

Close the Aquilos side gate valve and leave the transfer rod attached to the Cryo Loader.

13,18,19,20




Overview imaging of the grids Shuttle Controls

9 Grid 1 Grid 2

1. Start by taking a navigation camera image if required.

Move to Mapping Position

. Adjust scan rotation of both beams to 180 degrees (Shift+F12). Move to Miling Position

Move to Deposition Position

2

3. Drive the mapping position for grid 1 or 2. | e
Pre-tilt Angle |"| Y-Z Correction

4. Select OptiTilt imaging mode, focus and stigmate as required. Select a suitable

voltage, dwell and current. Typical values range from 2-5 kV with 13-50 pA and

around 1-5 ps dwell time.

Example of Tile set (~2.5 min acquisition)

5. Launch Maps. Tiles 3%
6. Create a tile set to cover the grid area. The resolution will depend on requirements ~ Tile HFW 1000 pum
_ _ Resolution 3072x2048
7. Once you have an overview you have a set of coordinates for the stage. Dwell 1us
8. Once you have verified the quality of the grids, prepare the preparation pot for the

unloading sequence by:
a. Pouring off the LN, from the preparation base.
b. Press purge on the base control.

c. Leave the transfer lid purging with nitrogen until it is dry and warmed up.



Targeting a Cell

1.

In the Maps overview image locate a cell and right click, select create lamella site to add a
position based on the image.

First click calculate eucentric position. Verify the cell is in the center of the imaging quad,
then click the pop up dialog as requested.

Next tilt the stage with the left arrow then after the movement has stopped click and center
the feature again. Repeat this for up to 30 degrees for more accuracy.

Next click calculate eucentric position and the value is stored.

Now drive to eucentric position. Tilt the stage around 35 degrees and observe the live electron
image. If the cell move up or down more than 1 um refine the eucentric position.

Next go to lon imaging and view the cells. It may be necessary to correct with beam shift the
relative position of the co-incidence point (i.e. center the cell). This can vary from cell to cell.

Decrease the tilt until you do not see any more the target cell (10-15°) then increase it to the
minimum to have an uninterrupted view of your cell. Once a suitable angle is reached store
this as the milling angle in maps.

This process can be repeated until all the sites are identified on both grids.



GIS coating

1.

In the cryo tab, select the Grid 1 and then click on
“deposition position”. In Maps go to “GIS deposition” in the
menu “Microscope” and follow instructions.

Check the GIS status is warm and then open the flow.

Count the required number of seconds (standardly between
10-15 seconds) then close and retract the needle.

Repeat with Grid 2.
Don’t forget to retract the needle.

It is possible to take another overview image of the grids to
see how good is the GIS coating.

Needle is not inserted,
Check the box to insert it

Shuttle Controls

9 Grid1 Grid 2

Move to Mapping Position

Move to Milling Position

Move to Deposition Position

Pre-tilt Angle || Y-Z Correction
J/

>

Gas Injection
Gas Ingert Heat Flow

@ Ptde |‘-.|"|.I'arr'r| |CI::|5E|:J |

Crucible is warm.

: Flow cIosed
Never change it,

Click to open it

it must remain warm




Rough Milling

1.
2.

9.

In Maps click on one of the stored lamella positions and select drive to milling position.

Verify if the cell of interest is still in the field of view and correct/update the maps positions
and if needed also ion beam shift.

Next place 2 rectangular milling patterns (using the silicon pattern file). Make sure the upper
box milling direction is top to bottom and the lower is bottom to top.

Link Rectangle 1 and 2 in the cryo tab to measure the lamella thickness (thereafter the
thickness can be adjusted by entering a new value directly)

Choose parallel milling strategy.

Typically start with a high ion current of around 500 pA, with a pattern not more than % cell
width for stability.

In the 1st step the boxes should be approximately 3-5 um apart.

Decrease the thickness gradually by entering the value or directly moving the boxes closer to
each other and also decrease the lamella width in steps. Reduce the milling current at the

same time, typically 1 nAat 3 um, 0.5 nAat 2 um and 0.1 nA 1 um 50 pA 800 nm to 300 nm.

Aim to finish the rough cutting at 300-500 nm final thickness.

10. Once one site is finished, move on to the next until all sites have been milled.

Properties | Selective Mill

Basic Properties

Application
X Size
Y Size
Z Size

Si

19.34 ym
1045 pm
1.00 um

Scan Direction

Bottom To Top

Dwell Time
Beam
Time

1.000 ps
Ion
00:12:38

Advanced Properties

Rotation

Position X
Position ¥
Overlap X

Overlap Y

Gas Type

Pitch X

Pitch Y

Area Calculation

Dose

Volume per Dose
Saturation Sputter Rate

0 ]
214 pm

15.57 pym
50 %

50 %

none

0.02 pm

0.02 pm
Pattern

3.4E-9 pC/pm*

-

2.700E-1 pm3/nC ||~

0.000000




Final Polishing Cleaning Cross Section (CSS)

f
1. After all the sites are done, return to the first site using maps. B T Lo /
2. Start with 50pA and use the rectangle boxes to remove the material down to G <L
300nm. n Patterns
3. Lower current to 30 or 10pA and polish to the final desired thickness, typically O 7 O @ L] © &= O

around 200nm.
4« Measurements

4. The final polishing can be done with cleaning cross section pattern for ultimate
quality (see pictures on the right for the set-up).

L] 4 @ o Zo o

a. Imaging can be done with iSPI during the milling and polishing. Enable this 9 Annotations

and use an appropriate voltage for the desired final thickness. Typical value (6 /6 (6 +o To

would be 13 pA at 5kV in Standard mode or Optitilt at 2kV and 13 pA.

b. Contamination will grow on lamella eventually. Fast polishing of the lamella SPL | Monitor® | Drift Suppression ’

ensures are within the desired final thickness. It should be possible to polish Pause Save
at least 4 lamella within the final hour before removal.

Time Interval |—[ - 30 s
c. Itisalso possible to tilt the stage between 0.25 to 0.5 degrees during the ces tne Iterva l
polishing for a more parallel lamella.
At the end of the thinning an optional sputter layer may be added. This layer helps to J
dissipate charging artefacts in the TEM and is typically required for use with the Start with 5 CCS line and decrease it gradually
Volta phase plate. to 1 to monitor more frequently the milling

toward the end



Sputter Coating (OPTIONAL)

1.

Select the current and time that you require for sputtering.
Use the preset values in 1

Purging cycles are optional if desired, set the desired
number of purges.

In order to switch to sputter vacuum press “Prepare for
sputtering”. Once the vacuum change to sputter vacuum and
the sputter coater inserts, press run to initiate sputtering.

Then press “Recover from sputtering” to return back to high
vacuum.

After coating the samples will charge less, be more
thermally and electrically conductive so it is easier to do the
Imaging after coating.

If using OptiTilt imaging mode, after sputtering check the
Imaging mode has not been set back to Standard, if so
reselect OptiTilt.

Sputter Coating

Recover from Sputtering

Number of Cycles

Purge

+ 3

Voltage | 600V

Current | 30.0 mA

- 10 Pa
Pressure | ¢ |L| ’
Run Time |=|%+ 10 Sec

1|23 5

Run




Unloading the lamella
1. When you are done on the final polish of the final lamella, cool down the preparation station.
2. Press the pump button on the quick loader.

3. When the pressure is reached and the gate valve is unlocked. Insert the rod, grip the shuttle and retract. Once in the transfer
rod, close the rod valve and then the gate valve.

Vent the cryo loader and remove the rod, replace the rod with the blank cover and click pump.
Take the rod to the preparation station and replace the plastic lid with the transfer airlock.
Remove the blank and replace it with the rod.

Pump the airlock for 30 seconds. Open the transfer rod valve.

Then vent the airlock for 5-10 seconds before stopping.

© © N o 0 B

Slide the lower valve out wards.
10. Unlock the rod and lower the shuttle on the dock. Detach and retract the loading rod.

11. Close the sliding valve and pump. After 30 seconds close the transfer rod valve, vent and reattach the transfer rod to the
Aquilos.

12. Remove the airlock lid and replace with the plastic lid.
13. Flip the shuttle to the horizontal position and lock it there.
14. Move the Autogrid to Autogrid boxes for transport to the TEM loading station in an Autogrid Box.



