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e Lamella from beam sensitive / soft samples

- Lower the beam current (500pA and below) -> less melting -> more efficient
milling

- Lowerion dose

- Use negative OL -150% and faster DT

- Don’t use e-beam while patterning

- Sputter coat the sample

- Total process will take longer; use autoTEM4 to prepare a chunk

NOTE: Temperature increase during milling; conductive material a few degrees (<10K),
non-conductive material (low thermal conductivity) high temperature increases were
measured (SiO + 230K)
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2kV transparency in STEM

Thickness: less than 300nm thick.

Step 3 (CCS, 100pA, 30 kV) Repeat at +/- 1.2° tilt
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Experiment Medium Thinning
Bottom

- Tilt to +2 degrees
- in the ion beam, place a RCS pattern at the bottom of the chunk. It should:

- Start in the void, end in the chunk

- Be wide, but not until the end or beginning of the chunk

- Milling from bottom to top (thick yellow line on top)

- Z should be sufficient to mill through the entire chunk height. Usually 5-10 um
- Current: below 0.5 nA, use 30 kV

—— 5 pm ——f
ETD 19.0 mm 3:56:31 PM | 1.00 us = 30.00 kV 3.44E-4 Pa Prunus

det WD 4/2/2022 dwell HV pressure

The halfmoon grids have two sides:
- Matt side (=should be up). You can read the word “Omniprobe” and ABCDE.
- Shiny side (=should be down). ABCDE and the word “Omniprobe” are mirrored.

The row bars also have two sides:
- Bottom side: with 6 holes at each clamp
- Upper side: with flat clamps

Experiment: load a halfmoon grid in the row bar
- Place 2-3 halfmoon grids on the stage, matt side up

- Place the row bar with one hole over the stage pin. The upper side should align with
the edge of the front panel of the stage

- Place the stage screw over the row bar and tighten it. This will lift the clamp of the row
bar.

- gently guide the halfmoon grid towards the position with the opened clamp. Make sure
the shiny side is down (= You can read Omniprobe). Steer the round side of the grid under
the clamp.

- Release the screw. The clamp releases and holds the grid. Move to the row bar to the
next clamp if needed .
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Demonstration: Thinning

Demonstration: Ul setup

Prerequisites:
Lamella welded to the half moon grid
lon beam looking perpendicular onto the lamella

Action:
Reduce the thickness from 1-1.5 pum to 50-100 nm

Know your material!

In all cases: use

- cleaning cross sections
- Tilt angle: 0 degrees (=38 degrees due to pretilt).
- Electron beam: 30 kV, ion beam 30 kV.

Note: the automated routines have never worked. Here, everything is manual.

Prerequisites:
Running xT server
Running Ul
Stage vented
Row bar with half moon grids

Action:
Setup the software for autoTEM

Do not skip these steps!

To run a successful AutoTEM project it is important to:

Experiment: Move to thinning position

Tilt to 0 degrees and rotate the stage to -150 degrees. Now, you see the chunk under an
angle (with the baby fiducial). In the ion beam, the flat side of the finger is down.

Experiment: setup the system
- During pumping: home the stage

- When the vacuum allows, move the stage up, focus and link. Repeat until the sample
(not the half moon grids) is at 7 mm eucentric height. Set eucentric height (CTRL+f) and
repeat the 7mm setting.

- Take a nav-cam picture. Reset all the beam shifts.

- Save the position of your region of interest on your sample.
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The idea is the mill part of the Cu grid and use the redeposition of the Cu to attach the
lamella. Usually, this works very well.

Weld chunk

- A bridge from Pt will be created between the chunk and the finger. Repeat if you
consider the bridge not strong enough.

Cut off

The needle is cut off by a rectangle milling step. Make sure you remove all Pt. In this way,
the needle is ready to pick up a next chunk.

Experiment: sharpen the EasyLift tip

- Goal: to have a sharp tip of about 2 pm width and 2 um height.
- In the ion beam image, place a milling pattern at the bottom of the tip needle,
perpendicular with the upper edge of the needle (see step 1 below).
- Pattern: Standard rectangle
- Z: 2-3 um (depending on how far inside the needle you operate)
- EasyLift: Rotation (R)=0 (or as close as possible)
- Current: 0.5 — 1 nA (few minutes)
- Magnification: 3000X-5000X
- Check if all material is removed. If not, repeat with the same pattern.
- Rotate the needle 90° (in the EasyLift window).
- Change the ion beam current to 10 pA. Lower the magnification
- Use the Step and Jog functions in the EasyLift window to position the tip in the middle
of the ion beam image (you might need a few seconds of continuous imaging). Use the
ion beam shift (hold shift, grab with left mouse) to optimize.
- Repeat the milling as described above.

EasylLift ?
[ Insert |

2 Jog Step Rotation Step

|100 nm/s +| [1o° =]

L3(E3{EIRE 3 CIRT=3

€ xv || 2z R=[03*

] &

Status: Retracted Stop

Park position

| Eucentric point ‘
Position 1 -
SAT repeatability

|SAT z

Add |

\ Remove AIIE
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Attach needle

The stage is moved back to eucentric/7mm. The EasyLift tip is inserted very close to the
lamellae. Follow the wizard and align the tip as shown.

- Read carefully what is expected!

- Align the tip on the left side of the lamella. Do not use “jog” unless you are sure what

you are doing!

- Carefully align the tip as shown in the steps. You want to align it to the upper part of
the lamella and get as close as possible in Z.

Connect with Pt
- Follow the on-screen wizard and attach the needle with a Pt layer to the lamella.
Extract chunk

- Follow the on-screen wizard and cut off the neck of the chunk with a milling step.
Afterwards, the Chunk, now connected to the needle, is retracted.

Demonstration: Start the AutoTEM software

Prerequisites:
Running xT server
Running Ul
Sample and half moon grid loaded
Stage linked and focused

Action:
Starting the AutoTEM

AutoTEM is the software that automates the lamellae making

Using the FEI menu, select AutoTEM 4.1
AutoTEM 4 has 3 tabs at the startup:

Projects Projects from the past are saved here
Templates Allows to save templates and change settings.
Alignment For technicians only

PROJECTS ALIGNMENT CHECK

Note: the software can take some load of the procedure, but is not always very robust.

Manual steps will be needed. However, it helps to structure your steps.
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Milling settings:

- Choose parallel milling (right top patterning page) this avoids redeposition. Z=2 um e 2

1314m = 50 pm
I e =

- voids redeposition- z=2um (about the lamellae thickness)

I —

Make absolutely sure the J cut has passed through the entire lamella and is only
attached with the bridge

Experiment: setup the project

Site list

You can batch create lamellae sites. Add more if needed. The sites will be created in
series.

In-situ lift-out

This means the creating of lamellae. Here, you can select the relevant templates. (ex-situ
lift-out and cross section are irrelevant)

TEM grid position

- This part is absolutely critical

- Place the AutoTEM on the right screen. Go back to the user interface (left screen).

- Tilt to 0 degrees

- Rotate the stage 30 degrees

- E-beam: Zoom out and goto the position of the finger of the half moon grid. Use the
electron beam. The word “Omniprobe” and the letters ABCDE are upside down, but not
mirrored.
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Demonstration: Chunk mill = manual procedure

Prerequisites:
AutoTEM 4 running
Project created and templates assigned

Action:
Manually milling a chunk

Try the multi site option!

Experiment: Manual procedure

Preparation
- Find the area of interest
- Set coincidence point using e-beam + Z-adjustment (start with: zero beam shift and
uncheck Z-Y link)
- Optional: e-beam deposition
- Tilt to 52° and cover the area of interest with Pt by Ga ion.
Rough milling
- Rough cut/bulk milling using Regular Cross Section + Si multipass:
- Regular Cross Section. Size of pattern: X slightly wider as Pt layer width
- Set Z to required depth , Y=2 times Z.
- Choose an ion beam current according to size and material (usually 5-50nA).
- Put the pattern not too close to the Pt layer, not overlapping with the Pt layer
- Start to mill front side first.
- Repeat from the other (back) side
- Rotate pattern 180°
- NOTE: end point (where patterning stops = the thick yellow line) is always the
Pt layer

- In the ion beam, press F9 to auto C/B. Then Click update in the AutoTEM chunk position
window. An ion beam image appears.

- You cannot set the magnification! Magnification is calculated (and applied) based on
the chunk size you want to use. Change the chunk size to change the magnification.

- Unlock the yellow lock sign on the top e ' . p.
right of the yellow chunk overlay.

- Reposition and adjust the size of

the chunk over your ROI.
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- Place the red fiducial on the right.
- Leave space between the chunk
And the fiducial

- In the Ul: update the position of
Your ROI.

Experiment
Ready to start.

Go back to your sample. Setup eucentric height, focus at 7 mm.




"19s AjJood si
92U3PIdUI0D Weaq ay3 JI Ajje1dadss ‘|OY Yl 3S00| 01 34eM0s 3y} asned ued sadued Sun|i suoq,
|elanpiy ay3 8z1ugodas 01 3dueyd ay3 Sulamol ‘sagew Auun|q Jayied asned syualund Suljjiw ysiH ;

$$920Ns JO 9dueyd y3iH (jerdnpiy Aqeg eye) jeronpiy Suluuiyl e a3eau) 8
3unyd ay3 JO puUd JOMO| Y3 3
SS320NS JO dUBYI MO  SMQIP dA0WJ 03 Junyd ay3 Suiy|i3ano :dnuea|) L

93pliq 1HOoYs e yim apis
1y314 9y3 uo payoeiie Ajuo sijunyd ay3 ‘dals

,SS9J0NS JO 2DUBYI YO  SIY} J91Y IN2Japun pue apis e Suieatd :3noin) 9
"S3UdLIND
[SS9I0NS JO 2DUBYI YO  Jamo] 1e Youauy ay3 Jo Sutuuiyy :8uljjiw wnipay S

juawydelle 3|pasau
aY1 21e}[12.} 0} PAAOWAM S| [B14BIBW “YUNYyd

$$920N5 JO 9dueyd y3iH 91 JO 3pIS 13| Y3 UO :YoudJ} d|pasu 33eas) %
unyd ay1 Jo sapls
$$920NS JO 9dueyd y3siH y30g U0 SayouaJl} om} 93ea4d :3ujjjiw y3noy €
(Vu € Jo peajsul YuT) Sjua4and 3uljjiw JOMO| J3S ‘T (2&]|We 24N3Ny) YUNYD/153433Ul
[elonpiy ay3 Ul X 4adasp ein) T $$920NS Jo dueyd ydiy Asap  Jo uoi8aJ unoA Jan0 J3Ae| 1d DA1303104d B 91BBID rd
$$920Ns Jo dueyd y3iy Asan p331E3J2 S| JIJJEW |eNply VY T

0P 03 38YM "p3jie} s52004d 31 :Al|e211_LIOINE [[IM WYILIOS]E SIYL “W03I0Q BY1 18 ,J[IW 3UNY,, Y2II

3
O ] WIDNAL ONINNIHL 3LY34D NN ?
(O ] dNNVITD
(O ] 1noLNd
- ONITIIA WNIGIN juonndo aus 1nw ayy Aiy
@ HON3YL 3103IN
g SNITIA N0 sunyd e uISSip Ajjeanewolny
HIAYT JALLOTLOUA
ANNOYD UOI1:)V
'S104J9 1n0oYyUM Ajjednnewolne
C ] IVIONAH L3I0
s1y3 Sutuunu Jo adueyd y3iy A1 e s aud
4 sul ) 42 4siy teloul ISR VD MR EETE paugdisse saje|dwal pue paleaud 139(oid
. 00T [ RRE]uomauos Suluunu ¢ NTFL0INY
9IS 4ad awi] JO saNUIW OE Inoge saye) pue — — . )
Ajjeannewolne unJ pjnoys ainpadsoad a413ud siyl url g0t -S9HsINbaJa.d

T INNHD TN

[llw juny) :uonensuowaq




