ThermoFisher SCIOS 2 Introduction — Page 44

Summary
® Login )
¢ Vent the chamber, then load your samples (tallest on the right)
® Pump the chamber + Assure the door is tightly closed / Lean against the chamber door
eHome the stage during pumping y
e Switch on the beams )
® Choose a proper HV setting / Beam intensity
* go to minimum magnification (< 100X), find your sample

Beam e Focus and link your image )y
[ ~
* Eucentric height: decrease the Z position iteratively until Z=7mm. CTRL+F
¢ Perform beam coincidence point: go in steps to 52°. Use MMB to shift the Z position
* Match e-beam and ion beam using Shift + LMB. Use ion beam shift.
J
R
¢ Define image scanning properties
e Record your data
¢ Save data on D:/sharedData
J
* Secure your data through the support PC )
* Remove your samples and pump the chamber + + Assure the door is tightly closed /
Lean against the chamber door
¢ Switch off the e beam and the ion beam and Log out )
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Demonstration: Finishing your session

Prerequisites:
Data recorded

Concepts of shutdown and standby

As a rule of thumb SHUTDOWN: when FIB is not in use for 2 nights or more (36h)
STANDBY: when the FIB will be used again within 36h

Experiment: Standby

1. Electron beam
Select the electron beam quadrant (top left)
In the Beam controlg > Column. Click the yellow button “Beam On”

Colaiin » g <€ This icon symbolizes electrons
Beam Current: 50 pA
eam Un ‘ P II' R |
‘ - - 500 V
High Voltage ’ ‘ (] » l /'
2. lon beam

Select the ion beam quadrant (top right)
In the Beam controlg > Column. Click the yellow button “Beam On”

Column 2 @ < This icon symbolizes ions
Beam Current

L Beam On g "I"'l 0.50 nA ]'J

- - 30.00 kV

High Voltage |4 ] v 4]
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Demonstration: Beam deceleration

Prerequisites:
Imaging of samples

Learn about beam deceleration

The Beam Deceleration (BD) mode is based on a negative voltage (bias) applied to a
stage (i.e. a sample). An electrical field is formed between the sample and the nearest
surface (a column bottom or a detector), acting as an additional electrostatic lens. Its

power is described by the Immersion Ratio parameter:
HV + Bias

HV

ImRatio =

P —

-

Final Lens

BSED

Electrostatic
- 2 | ens

Specimen
% Beam Deceleration Woltage P

As the sample is at the negative potential with relation to the ground and detectors, the
initial SE and BSE energy (when leaving the surface) is accelerated by the Stage Bias

before the detection.

The higher the Immersion Ratio, the lower is the difference between SE and BSE energies
when detected. Signal electrons are accelerated upwards and deflected towards the
column axis.

Agenda
1Y =41 Ve - TSRS 5
Demonstration: xT microscope server and 108 ON ........oooeciiieiicciee e 6
Demonstration: SyStem STatUS.......uuueuiiiiiiiiiiieieieie e 8
Demonstration: Loading @ SAMPIE .......uueii i 9
Demonstration: BEam CONLIOl ......coociiiiieriiiieiiee ettt ere e siee e st s s sae e saee e 14
Demonstration: The inside of the e-beam........c.cociiiiiiiiiic e 16
Demonstration: First glimpse of your Sample ........coooviiiiiiciiei e 18
Demonstration: Eucentric height........cuveeiiiiiiiiie e e 19
Demonstration: Nav Cam Photo........ccuviiiiiiii it e e evree e 21
Demonstration: BasiC SEM iMAGING .......uuuiuieieieieirieieieieinrneerernrererernrerernnerenennnnnenenannn—n———— 22
Demonstration: Beam and 1eNs parameters.......ccueeiveceeieieciieee et ssieee s ssreee e 29
Demonstration: IMaging SEtHINGS.......uuiiiiiiiiiiiee e e e e e e e 30
DemoNStration: IMage PreSELS ...uuuuiuiuirieieiiieieirietririrrerrrrrerrrerererer———————————————————————————————— 32
Demonstration: Align Feature / scan rotation...........ccceeeeeeeeiveecceee et 33
Demonstration: COIUMN CASES ...cuuiiiiiciieeiriiiee ettt sttt e e s sree e e s sbee e e s ssbeeeesssataeessenbeeeesanes 34
DemonsStration: DELECTOIS ....coii i 36
Demonstration: Direct adjustments — SOUrce tilt........ccceeeeciieiieciiee e 39
Demonstration: Beam deceleration ........cccceeeieeiiieiiiee e 40
Demonstration: Finishing yOUr SESSION.......c.uiiiiiiiiei e e e 42
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detector! Be aware of sample and final lens collision when tilting large samples!

Select the CBS or ABS from the Detector Settings module > Detector list box. Choose the
required diode segment(s) by selecting the relevant radio button. The Custom mode is
used to define the segments for detection. Clicking on the + / - sign in a particular
segment activates it to add (yellow background) or subtract (blue background) the
segment signal. By double-clicking on the segment, its background turns grey, and it is
switched off. The Contrast button equalizes signals (contrast) from different segments
not to override one another. Distribution of electrons collected by detector segments
changes with setting of working distance, lens mode and Beam Deceleration mode.
Examples:

Sum all quadrants/rings: Pure Z contrast (e.g. Phase mapping in alloys)
Quadrant subtraction: Topographic shadowing (e.g. Fracture dimple orientation)
Ring subtraction: Topographic isolation (e.g. Nanoparticle surface roughness)
Hybrid: 3D tilt/Z hybrid (e.g. Crystal facet analysis in minerals)

SCANNING TRANSMISSION ELECTRON MICROSCOPY: STEM and STEM+ detector

This detector is retractable and is mounted below
the sample. It is only useable in conjunction with Detector [STEM 3+ B
the rowbars. The detector has selectable
segments that allow to operate the diode in

() Bright Field —
Bright Field, Dark  Detector Settings | / \
field and High e cEm— | R ’( "1
g © Dark Field 3 | |
Angle Annular  © eright Field — ) Dark Field 4 \ :

Detector Settings ?

. ) Dark Field N
Dark Field mode. g jaor © HAADF
() Custom Annular 1 —

The resolution of  ©custem
() Custom Annular 2

the STEM is 0.9 nm - D) (6
. ) Custom Angular
maximum. () Custom Annular 3
() Custom Annular 4 | Insert |

Slice & View
Nanobuilder
AutoTEM

xT server
FIB SEM GUI

Support PC (SPC)

- 1 screen

- EDX software

- Internet connection

- (Login: User / Scios+2)

Microscope PC (MPC)

- 2 screens

- FIB SEM software

- No internet connection (but connected to SPC)
- (Login: User / Scios+2)

The mouse moves between the two PCs.

MPC FIB SEM log on

You should find the FIB SEM User interface (Ul) on the MPC (central screen), a
username and password are requested. Every user has an own personal profile.

EDX DETECTOR: analytics

Experiment

Username: your last name

@) FEI microscope

First letter capital, no accents, umlauts, ... 4

v

‘vanhecke |

Password: your first name | |

First letter capital but no accents, umlauts, ...

Click the Log On button

Not part of this introduction.
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Demonstration: Detectors

Prerequisites:
Imaging of samples

Demonstration: Loading a sample

Overview of all installed detectors

The system has 8 detectors installed.

STANDARD DETECTOR: ETD (=Everhart Thornley detector = standard SE detector)

Detects low-energy electrons (=secondary electrons) generated by the primary
beam interaction with the specimen surface. It is permanently mounted in the

Detector [ETD -]

=== chamber over and to one side of the sample.

@  Detector Settings ;  Mode: keep this the Secondary electrons
— Grid voltage: Bias applied by the collector.
The higher, the stronger SE (and noise) are

Mode |Secondary Electrons - attracted. Sweet spot at +250 V. Negative

Grid voltage [=|+|250 v |

voltage repels SE from the ETD detector
and only BSE are detected.

Prerequisites:

Running xT server
Running Ul and successfully logged on

Action:
Load samples

Vent the chamber. Understand the height prerequisites of the load samples

IN LENS BSE DETECTOR: Trinity 1

Electrons generated by a primary beam can be collected by the in-lens Trinity

detectors T1 and T2, which are located
inside the final lens. Whenever the T1 or T2
is selected, the CCD camera infrared LED’s
are switched off not to emit the photons.
The T1 detector is primarily designed to
collect backscattered electrons (BSE) and
provides composite sample contrast. In the

Detector Settings &

Detector | T1 | = |

) Segment A
) Segment B
@A+B
OA-B

OptiTilt and OptiPlan column 'Use cases,' it detects backscattered electrons across the

full range of accelerating voltages.

Click the sample exchange button ‘E on the top left of the central screen.

ETD

Sample Exchange

Working Folder

Electron gun

Root: C:\Users\User\Documents
Create Subfolders for Displays: Of
File Saving Settings..

lon gun

Chamber

Samples

Sample Cleaning

] Take Nav-Cam Photo

Multipurpose
holder

Holder

z j‘

Single Stub || Other

_3 . | | Pretilted
Hoer || accessory \i S positions
\ 'm - , ‘

Holder

System

Wake Up Sleep

det | x -16.1081mm | tiit
1 CCD y. -0.8964 mm _ 0.0°

Inserting samples

To insert samples, the chamber needs to be vented.
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Demonstration: Column cases

Prerequisites:

Eucentric height
Nav cam recorded

Image parameters sets

- Make sure that you place:

- at least 1 stub / sample in the central position (#9)

- the tallest samples on the left (standing in front of the FIB),

- the lowest on the right (this avoids pole touches while tilting).

- Gently close the chamber. There is no lock.

Learn about the three column cases: Standard, OptiPlan, OptiTilt

The electron column can be operated in different Use Cases optimized for specific
applications: Standard, OptiTilt and OptiPlan.

BSE

Sample

T3 detector

A-Tube

T2 detector

T1 detector

In the OptiTilt and OptiPlan Use Cases:
primary electrons are accelerated by the
potential of the Acceleration tube (A-Tube)
and pass through the column at high energy
(i.e. reducing aberrations). They are
decelerated between the T1 detector and
the sample. Secondary as well as
backscattered electrons are also collimated
the final by the A-Tube
electrostatic field and detected

by detectors T1 and T2.

into lens

The Sample exchange window

Working folder
Do not change

Chamber
Starts the pumping or venting

Sample-cleaning: starts an in-chamber plasma
cleaning of the stage/samples. Can help with the
conductivity of notoriously poorly conducting
materials.

Never use the chamber plasma cleaning with
the EDX detector inserted!

Standard mode

This is the basic mode, used for survey and TEM sample preparation mode. It is ideal

for navigating and reviewing sites at lower magnifications. Maximum e-beam current is

13 nA.

The take Nav-Cam Photos does not make sense
because the eucentric height has not been set
yet.

Holder
Always have the Multipurpose holder selected.

Never change this setting.

Tab Vacuum

Sample Exchange

Working Folder

Root: C:\Users\User\Documents

Create Subfolders for Displays: Off

1 | File Saving Settings... |

Chamber

Pump | Vent

Sample Cleaning 1

] Take Nav-Cam Photo

Holder
¥
K
R, o
Multipurpose| | Single Stub Other
Holder Holder ‘ Accessory
| System
Wake Up | | Sleep

The value mentioned under TMP1 is critical for the pumping of the chamber (see

below).
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Demonstration: Image presets

Prerequisites:
Eucentric height
Nav cam recorded
Image parameters sets

Keep the door firmly closed by leaning against the chamber door with your arm. This
is extremely important!?

Scanning presets simplify switching imaging conditions

By default, there are 6 factory toolbar Scanning presets (labelled s#) for each beam.
Clicking on any one starts image acquiring with corresponding parameters.

Scanning presets (s1 — s6) 2 3 s4 556

At the top right, 6 scanning presets can be chosen and edited.
Actions:

Select a preset: LMB

Edit a preset: RMB > edit... (click apply to save)

Activate Click Scanning presets %
Multiple Activate shift + Click Basic Setup
Name LiSlowScan_001
Snapshot ctrl + Click Resolution 768 x 512
" Duwell Time 300 ns -
+ +
Multiple Snapshot Ctrl + shift + Click Bit Depth ”~ .
w Update with Current Settings Filter Setup

. Scan Interlace 1
Edit...

Line Integration 1

I s inaID " Frame Average 8 -
mpol canning Presets... Erame Time

Export Scanning Presets... Image Acquisition

Reset to Default Integrate

Drift Correction No e
Continuous Scan No -
Action Save As e
Acquisition Time

Shared Settings
Mains Lock 0
Start scan on left click Yes -

Close

Mains Lock When ticked, the scanning (line sawtooth signal) is synchronized with
the mains AC oscillation. This greatly diminishes blurring and jittering of
the electron imaging resulting in smooth image edges at higher

magnifications.

- Click the Pump button in the exchange window.

- Keep leaning against the door / holding it tight until you see the TMP1 value increasing
to at least 5% of the TMP1 (you stop hearing the rotation pump in the back). Now you
can take back your seat.

- While waiting for the vacuum, home the stage: Stage > home stage.

After pumping, you should reach a chamber pressure of about 1 - 10 Pa. This is not yet
sufficient for a focused ion beam (1 - 10 Pa is needed), but it allows e-beam imaging.
Pumping will go on in the back, and by the time you have set up the e-beam, the
necessary vacuum for the ion beam will be achieved.

LIf the door is not properly sealed, an overheat safety will halt the pump. The pump (and the
system) can only be reset by a technician. Hence, not sealing the door will mean the end of your
session and about 1 week of downtime for all other users.



's9z|s 98ew| / saw}

||loMp Jo d3ueyd Joy pp ou si a43y] ‘(zd) oroyd e jo uolsinboe ay3 40j anoge paule|dxd
se dn3as ag ued 19saJ4d ay] ‘sanjeA 39saad 3uisn 3uipaodas mojs ‘Ayjenb y3iy e s oyoyd v

oloyd e

‘(dweu 21u3uUd3 B Y3IM) dAES JO (Sweu 3|14 e 104 Sojelp e YylM) Se aAes 39 ‘uoiouny
Suipadaud ayy pue ‘s3uimes (jop) 19-9T / (j1,uop) 1g-8 19s 01 Moj|e s1asaud sy

i suQos
i su00E
iosuo0Z

sUQ0T

su Qs

9£5E * 960
89/T > 8¥0Z
88 > +Z0T
b = 21§
960% > ¥¥19
8+¥0Z > ZL0E
20T = 985T
TS x 89L

Sy anes

anes

auop

auon

@

39 9T

T

ZH 89
SW £pT
st OT'v8z
Z1S = 89/
T

U 00E

Bl o |
su 00¢ | X5y
Keidsig =1l og
uoIy sioz
UEDS SNONURUOD
s T
uoNR2LI0) Yug
uidag g s @
ajeBajup s g
31eY Ysauay s
awi| awedq cu00s
awi] aur
uonnjosay 54 00€
uonesbajuf aury su 00
awiy llamg sU00T | (@)
sbumas 5U 05
(4) 195914 10ysdeus Su 5T

weag uosafz ﬁ

buiuunas < saaualafaid < sj0o) nua & (N3S) wupiponb 1fa) dog ayl 211D

:$92UaJ9)a4d BY3 Ul 39S 9q UBI INd}0YS 3Y3 404 SSUINIBS BYL
‘nuaw umopdoup ay3 3uisn oy pe padueyd Jo husaw doj ay3 ul padueyd
9 ued 19saud ay] "sad10yd 19sa4d 3uisn Suipiodas }dInb e si (p4+141D) 10ysdeus y

sjoysdeus e

o 0] +]=| uonejoy uess

uol1e10Y Ueds

HIYS weag | Jo1ewbns

weag

N1 007 | +] =] 3Bevon b

_—
[<] vd 05 [+ -] :
uQ weag
JuBLIND Weag
ﬁ i uwnjo)
daajg | dn axem
i wayshs
i ¢ Buiues|) ajdwesg
UET) | | dwng
i wnnaep

—
|0J3U0d weoag ﬁ

d|Npow |0J3U0d weag

:9|qe|IBAR S| NUSW PISEQ-U0J] UB “US3JIS [BJIUSD dY3 4O 3pIs WS 3yl uQ

weag-a ay3 Suiyels

Jamo| Jo ed ,.0T - T 1e 24nssaid

papeo| a|jdwesg

:sa11sinbaJald

|0J1U0d weag :uoljeiisuowag




Demonstration

: Imaging settings

Prerequisites:
Eucentric height
Nav cam recorded

Save optimization and image settings

e Image setup and filters

The image scan is a combination of:

Image size (in pixels). The larger, the longer scan will take.

Dwell time the amount of time each pixel is scanned.

1536 = 1024 l'l
[=[#]z00ns [+]

Scan interlacing Splits an imaging area into n number of blocks. The first line of each

block is scanned followed by the second one etc. This

imaging method

significantly reduces sample charging. Abbreviation: Sl

Line integration Each line scan is repeated n times. Data are integrated.

This imaging method reduces sample charging
and improves overall image quality. Abbreviation: LI

The use of these tools is visible in the dwell time adjuster: |- +[: s “|+

e Image averaging

Three settings are possible:

Live. The default mode. One frame follows the other.
(ama]

F

Average. Continuously averages n images to improve the signal to noise.

Setting n > 4 will create difficulties to operate a live image (focusing, moving,

)
Integrate. Collects n images and integrates (=sums) them. Not
live imaging.

H

compatible with

Experiment
System ?
Click in the top left quadrant (the SEM window). | Wake Up | [ T |
Then click the top icon (Beam control) i e
- Click Wake up Beam Current
|=[+[050 nA [~]
Under the column tab: - _ 3000kv
- Click beam on High Voltage | ¢ (] v[7]
You should hear a click from the back.
Stage navigation module
Stage s P
|Actua| : Go ?t/ Goto / StOp
Navigation " (G | |£| button stage
L Y | -0.0001 mm | [=]
z  +8[7.0001 mm | =+ Stage positionin
T |oo° EREY X,Y, Z, tilt angle
¢ & =l (o and rotation
[¥] Compucentric Rotation [C] Z-Y Link
Last Position [ Add |
I —— Listofsaved
Remove positions
Remove All

Touch Alarm Enabled

Stage view from
Nav Cam
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o Topline: whitest pixel
e Middle line: median grey
e Bottom line: blackest pixel

The oscillogram signal amplitude reflects the contrast / brightness of the just scanned
line. If the oscillogram is cut by the bottom / top line, the signal level is clipped in black
/ white, Clipping should be avoided.

[ Videoscope
1. Select a slow scan in an active display.

2. Activate the Videoscope in an active display (F3 / clicking on toolbar icon / Scan menu)
or in all live displays (Shift + clicking on toolbar icon).

3. Reduce the contrast to zero (front panel) and adjust the brightness level to the lower
dashed line (black).

4. Increase the contrast so that the signal level just touches the upper dashed line
(white).

5. If necessary, adjust the brightness level so that the average signal level is roughly in
the middle.

6. The high and low peaks should just touch the dashed lines.

Interaction volume and the effect of elemental composition

C Secondary electrons

Backscattered electrons

Note: Auto Contrast Brightness (F9) usually corrects these settings automatically.

Secondary electrons vs backscattered electrons

secondary electrons (backscattered electrons)
IN(E) SE BSE

Auger (secondary) electrons

— - | SE
0 10 20 10? eV 104 5 BSE

5 Incident electron @

Electron
beam
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Lens alignment

— Lens alignment assures that the beam is concentric
Objective lens . ] o .
around the optic axis. A misaligned lens will be

apparent at high magnification: the object will shift

with a change in focus.

Crossover /

I / /
4 / 4
v |
4
7

J Y

Demonstration: Eucentric height

Prerequisites:
Focused imaged
Magnification: 20-5000X

Learn about the Eucentric height

This is one of the two key alignments. Every sample on every session on the FIB-SEM
must be aligned to eucentric height. Failing to do so will damage the instrument.

The magic number is 7 mm

@ Lens alighment

- Lens alignment is needed at magnifications > 2000X. It assures that there is no beam
shift during focusing.

- Select a reduced area, preferable with sufficient contrast (press F9)

- Exposure time < 500 ns

- Column: standard, 2-5kV, 0.40 nA.

- From the top menu: Start the lens alignment. The goal is minimal movement of the
object in the reduced area

- Grab the green cross that appears in the center
- Move the cross with the LMB until the movement of the object is minimal
- A slight rotation is not problematic. Unclick Lens alignment, reduced area

Astigmatism

Astigmatism in an electron magnetic lens is an optical aberration in which the
lens does not focus the electron beam to a single point along the optic axis.
Instead, electrons passing through different meridional planes (typically

At the eucentric height position, the stage tilt axis and the beam axes (electron & ion)
intersect.

Beam Beam

: ) . Eucentric position

; Eucentric position ‘. . .

; Point of interest

Q. : . ) \
- Point of interest
,-/ o
/ Stase/
Tilt

1) The point of interest is focused below the Eucentric || 2) Tilting the stage moves the point of interest out of
point. the beam.

;
Beam 1 Beam
/ \

Feature is at
eucentric position.

Eucentric position
and Point of interest

Z adjustment

3) The point of interest is focused at the Eucentric 4) Tilting the stage does not move the point of interest
point. out of the beam.
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Beam shift reset

Demonstration: Nav Cam photo

& Controls the beam shift along the
objective lens axis. It is useful for

E Beam

Stigmator Beam Shift fine imaging shifts without stage
movement.
Right-clicking on the Beam Shift 2D box opens a context Coarse
menu: v Normal

. Fi
e Zero sets the Beam Shift value to zero ine

Adaptive Sensitivity

* Reset sets the Beam Shift value to zero and moves the .

ero
stage to compensate for the resulting imaging shift (same as
Reset

the Stage menu / Beam Shift Reset function).

Prerequisites:
Focused imaged
Eucentric height set

Learn about the the Navigation camera

Experiment: Reset beam shift

Beam shift is often needed for fine alighment, e.g. in beam coincidence alighnment: it
allows the image to be moved with very precise control (much more precisely than a
piezo stage). Resetting the beam shift at the start of your session is recommended to
have the full range of the beam shift available.

% Beam control > Beam > RBM click > Zero

Digital Zoom ?

The navigation camera (Nav Cam) provides a bird’s-
eye view of the stage and can be used as an
interactive map. It is linked to the positions and can
be moved by double-clicking. CTRL + / - will digitally
zoom in / out.

Moving around in a digitally zoomed Nav Cam
picture (see p 24):

Experiment: Take Nav Cam Photo

A Nav Cam photo must be taken after proper eucentric height setup® because the
NavCam has a focal point that is reached when the stage is linked and in eucentric height.

Menu Stage > take Nav Cam Photo

Digital Zoom

RAM based navigation across enlarged views. Can be used on all quadrants and
detectors.

Green cross marks your current position.
Yellow cross (if available) marks the centre of the quadrant (View > Centre cross, or
SHIFT + F5).

3 Which is why it is not recommended to do this during the pumping of the chamber (see p. 12)
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