ThermoFisher
SCIENTIFIC

Scios
AutoTEM4

Module 20

Proprietary & Confidential The world leader in serving science



Large sample holder; loading samples + TEM grids
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Cu Grids in vertical position
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- Multiple positions accommodate plenty of samples
- Easy and Fast sample Location/navigation with
Nav-Cam

- Bulk samples and TEM grids can be loaded
simultaneously (in vertical or pre-tilted position)
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Cu Grids in pre-tilted position

- TEM grids in pre-tilted position (R3) allows S(TEM)
sample preparation with STEM end pointing and

imaging without breaking the vacuum

Best way to load the TEM
grids in the TEM grid holder

212% mag ®  PW

1.65 pm

% HV url et mode WD
. 15.00kV 0.40nA ETD SE 7.2mm | 2.54 mm |50 x
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Pre-requirements

To run a successful AT4 project it is important to:

- Load the Copper grids in the correct position in the TEM grid
holder and load the rowbar correctly in large sample holder as well

- Home stage

- Run stage rotation alignment

- Check EasyLift needle; shape needle tip —

- Have a good vacuum <10-6 mbar
- Check settings AT4

% HV curr det mode WD HFW mag ® | PW
4 15.00kV 0.40nA ETD SE 7.2mm |254mm 50x | 1.65um

» This is the way to load the TEM grids in the TEM
grid holder: flat side to the front
* Mount row bar with clamps towards stage center

(as in NavCam image on slide2)
» This is the correct way for both the vertical and
pre-tilted position

ofe HV curr det mode mag ® HFW WD 1

]
:'0.0 30.00kV 0.10nA ETD SE 2500x 50.8pm 19.0 mm |
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AutoTEMA4; settings-1

FE| g v = Settings
EE SITE LIST Start Page Patterning

Dirift ¢
+ Import Template...

N Exit . g
H site #1 \Jl/ wisitu lift-c
15.0 um % 5.0 pm ._

1) Top-down default ten

Settings
Patterning
Drift Correction

Ion

Ion Current Density

Ion Application

Rectangle Application
Regular Cross Section Application

Cleaning Cross Section Application

Ion Quality of Match
Ion Uniqueness
Electron Quality of Match

Electron Uniqueness

Use Drift Corrected Milling

Refresh Interval

Use Drift Corrected Milling

Refresh Interval

15 pA/pum®

Pt dep

Si AutoTEM
Si-multipass AutoTEM

Si-ccs AutoTEM

Default application files:
Change Pt dep to Pt dep_high

Thresholds changed to 60% (default 50%)
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AutoTEMA4; settings-2

Settings

LI

< FEI .

‘.. m Project Site Help
Start Page

Current Resolution Dwell Time Frame Integration Auto Focus

+ Import Template... [on Scanning

Patterning
B SITE LIST

Settings

15pA  1536x1024 3ps

Exit 1 Electron Scanning Patterning
\Jl/ wisitu lift-¢ 10pA  1536x1024 ~  3ps

; Drift Correction n

Autornation Resolution 1536 x 1024

fi} Top-down default ten R 15361024~ | 1ps

Too-down ebn MNotifications S50pA | 1536x1024 v | 1ps

Ton-down larne Default © o010nA [REELESLEI v I 1ps Electron Scanning Frame Integration 1

lon Scanning Dwell Time 300 ns

0.20nA  1536x1024 v  500ns Automation

0.50nA 1536 x 1024 hd 500 ns Notifications

10nA | 1536x1024 ~ | 100ns
30nA | 1536x1024 100 ns

50nA | 1536x1024 100 ns Settings
70nA | 1536x1024 100 ns Patterning

15 nA 1536 x 1024 100 ns PP
Drift Correction Chunk Mill f Cross Section Automatic
30 nA 768 x 512 100 ns .

Ion Scanning Lift-Out Guided
50 nA 768 x 512 100 ns

Flectron Scanning | Thinning Automatic

65nA  768x512 100 ns Automatic

Automation Automatic (with manual fall-backs)

Natifications None Guided

Resolution Dwell Time Frame Integration Auto Focus Sleep

1536 x 1024 3us 1 v Beams Off

FIB imaging conditions changed for high BC Automation can be set here
and default BC is changed

NOTE: settings are not linked to a project or template (can be changed by any user)
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AutoTEMA4; starting by creating (or opening) a project
sosFEIN oo

PROJECTS TEMPLATES ALIGNMENT CHECK

AutoTEM_03-14 Rachid TEM Prep array-training training
3/14/2018 9:30 AM 3/13/2018 12:00 PM 3/13/2018 10:36 AM

.‘. F EI [ Project Site Help

BS_test Siemens R02-1 i PR OJ E C T S
3/8/2018 10:27 AM 2/28/2018 2:26 PM

1 ;: — | AutoTEM_03-14 Rachid TEM Prep

3/14/2018 9:30 AM

+

large XS in magnectic flakes v FT_Fotolens01 v i
2/15/2018 3:31 PM 2/15/2018 10:56 AM

. ._'(:“ Nz .\ I

; : }j!.\
SOt M e BS_test Siemens R02-1
1/31/2018 5:02 PM 1/31/2018 9:38 AM -
3/8/2018 10:27 AM 2/28/2018 2:26 PM

-~

=

Create new project

ThermoFisher
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AutoTEM4; workflow

L)
SFEl . .
[ ) File Project Site Help AutoTEM_03-14 ¢

o/
2= SITELIST Site Name Site #1

Template Top-down ebn

B site 71 X '&ﬂ/ In-situ lift-out N/ Ex-situ lift-out N Cross section
15.0 pm = 5.0 pm
0% 39min4d6s N[/ [§—| '%' ) Top-down default template ) Ex-situ lift-out default template {7 Cross section default template

Top-down ebn @ Large Cross section
Top-down large

Top-down MgO

Choose template In-situ lift-out Ex-situ lift-out

P

UPDATE UPDATE

) T
<- '\J‘l/ CHUNK MILL ,Sj LIFT-OUT T’ THINNING

Define a site: Automatic Guided
stage coordinates Chunk mill Lift-out

. . ThermoFisher
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AutoTEM4; templates
“FEl .

PROJECTS

Project Site Help

TEMPLATES ALIGNMENT CHECK

2 Lift-Out

85 TEMPLATE LIST NI Chunk Mill

'%'Thinning

Template can be modified

Clone (RM) an existing template
Rename

Modify and save changes

Note: in a site template temporary
changes can be made

Top-down default template [
Top-down

Large Cross secti
Cross section

Top-down ebn
Top-down

Top-down large

Ton-donwn

Save changes

Proprietary & Confidential

Cross section default templ... (&
Cross section

Ex-situ lift-out default temp... 5
Ex-situ lift-out

Top-down default template (3
Top-down

Large Cross section
Cross section

Top-down ebn
Top-down

Top-down large
Top-down

Top-down MgO
Top-down

Size
Thickness

Correction Factor

15.0 pm
2.0 pm

1.00

ELECTRON BEAM DEPOSITION

Thickness
Deposition Voltage
Deposition Current

Application
CREATE FIDUCIAL

Size

Depth

Pad Thickness
Horizontal Distance
Beam Current

Application
GROUND

Layer Thickness
Height

Deposition Voltage
Deposition Current

Application

500.0 nm
2.00 kv
1.6 nA

Pt EBID

7.5 pm
800.0 nm
300.0 nm
3.0 pm

0.50 nA

w

Pt Dep_High

6 nm
8 pm
30.00 kv

0.50 nA

w

w

Pt Dep_High

x 5.0 pm

Default

Auto

Default

Auto

Default

Welding Position

Attachment Offset

DRIVE TO CHUNK

ATTACH NEEDLE

Size
Pad Thickness
Deposition Current

Application
EXTRACT CHUNK

Cut Overlap

Milling Current

DRIVE TO GRID

GRID CLEANING

Size
Depth

Milling Current

Left

100 nm

1.5 pm
500.0 nm
50 pA v Auto

Pt Dep_High w Default

700.0 nm

1.0 nA

700.00 nm x 7.20 pm
5.00 pm

7.0nA

WELD CHUNK (GIS FREE)

Number of Patterns

Final Thickness 100.0 nm
Enable Windows v
MNumber of Windows 2
Window Width 3.5 pm

Spacing 250.0 nm

DRIVE TO THINNING POSITION

COARSE THINNING

Target Thickness 300.0 nm

Owvertilt 16°
Depth Correction

Milling Current

MEDIUM THINNING

Target Thickness 250.0 nm

Owvertilt 14°
Depth Correction

Milling Current
MEDIUM POLISHING

Target Thickness 150.0 nm

Overtilt 12°

Depth Correction 50 %




AutoTEM4; creating site — stage position

File Project Site Help AutoTEM_03-14

Site Mame Site #1

Template Top-down ebn

%ﬂ/ In-situ lift-out \Jl/ Exsitu lift-out \J— Cross section

150 pm = 5.0 pm
0% 39mind6s ]~ [‘S—\ '%' ) Top-down default template {r) Ex-situ lift-out default template fr) Cross section default template

Top-down ebn @ Large Cross section
.-'.- F EI Top-down large
Y File Project Site Help Top-down MgO

o= SITE LIST Site Name Site #1

_’_ Template Top-do

] [ ]

UPDATE UPDATE

B site 21 :\tﬂ/ In-situ lift-out

15.0 pm = 3.0 pm
. New
0% 39mind6s template
Clone as Array

Clone

Save As Template...
Update Template
Delete

Go To Chunk Position
Go To TEM Grid Position
Delete All

_ &
Selact All \Jl/~ CHUNK MILL ,§_| LIFT-OUT - THINNING
Deselect All

_ —_— ThermoFisher
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AutoTEM4; when bulk sample it too high

I — O
> FEl
(X ) File Project Site Help R
85 SITE LIST X E1D Digital Zoom: 51% \ LFT-OUT
5 UPDATE ok pot
Site #1 X

13.0 pm x 5.0 pm _
8% 3min3s

DRIVE TO CHUNK

ATTACH NEEDLE

EXTRACT CHUNK

DRIVE TO GRID

GRID CLEANING

WELD CHUNK (GIS FREE)

WELD CHUNK

CUT OFF

@ Please meet all the preconditions, then locate a grid finger
in XT UI and update the image. Move graphic to the left
edge of the grid finger.
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X

-

When a sample is too high,

Run entire process without
updating TEM position at the
start.

Arriving at this point of the
process a TEM grid position
needs to be defined. This can be
done after venting and taking out
the sample. When vacuum is ok
again, move to the TEM
position, set height and tilt if
needed. Update image and
continue process from here.
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AutoTEM4; building an array followed by lift-out and thinning

— O

File Project Site Help AutoTEM_03-29

,L| LIFT-OUT

UPDATE Welding Position Left

Array [1, 1] ® Attachment Offsat 100 nm
12.0 pm = 5.0 pm
46% 14 min 195 [s NE'I."."
v Array[1, 2]
12.0 um = 5.0 pm Clone as Array
46% 14min19s ]/ |3

Amay [2,1] Clone
12.0 pm = 5.0 pm
0% 26mn3ss \i/ry Save As Template...

DRIVE TO CHUNK
ATTACH NEEDLE
EXTRACT CHUNK
DRIVE TO GRID
GRID CLEANING

WELD CHUNK (GIS FREE
Array [2, 2] { )

12.0 pm x 5.0 pum Update Template
0% 26min35s ]/ |S

Array [3, 1]
12.0 pm % 5.0 pm

0% 26min35s ]~ ,3 Go To Chunk Position F’Iease meet all the precqnditions, then locate a grid finger
in XT Ul and update the image. Move graphic to the left

edge of the grid finger.

A4

W

W

A

A

A

“  WELD CHUNK
Delete . CUT OFF

Array [3, 2]
12.0 pm x 5.0 pm
0% 26min35s N\~ |S‘

Go To TEM Grid Position
Delete All

Select All
Deselect All

Array [1, 1] 43
< 12.0 pm x 5.0 pm CHUNK MILL =—— THINNING
Top-down default template -\'"'/- - i

RUMN CHUNK MILL ONLY

RUN LIFT-OUT ONLY
Guided
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When building an array: choose a
template with all 3 steps (chunk
mill, lift-out and thinning)

Run drop down: “Run chunk mill
only”.

When finished, the chunks can be
revisited and decided to lift out one
(or more) of them.

Revisit chunk position (RM on
array site go to chunk position) and
press run.

Guided lift out until “drive to grid”
Define a TEM grid position: move
to the TEM position, set height, tilt
if needed and update image

and continue process from here.
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