ThermoFischer SCIOS 2 Introduction — Page 32

Quick summary

e Setup the FIB-SEM: Load sample, pump chamber, eucentric heigth, navCam, ... h
* Get an image in the SEM
e Stop the chamber view camera
* Assure both PCs have the user logged in (‘user') y
¢ Insert the detector and start the PathFinder software )
e Assure the SEM is acquiring
e Spectrum > start spectrum dropdown > high resolution > advanced arrow
e setup the SEM to have stores > 2000 and a dead time < 40-50% (ideal: 20-35%) )y
~\
e Collect a spectrum
¢ |dentify the elements
J
R
e PointID
e Spectral imaging
e Linescan
J
* Export the data from the database R
e retract the detector
e Extract your samples, set the FIB-SEM to standby
e Cleanup the desk )
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Demonstration: Saving your data

Prerequisites:
Data recorded

Ready to extract your data from the database

The data is automatically saved in the database. To extract the data from the database:

1. Export full field spectrum

- Look into your folder where you saved your database.
- There will be an .emsa file for every full spectrum you recorded®.

2. Point ID spectra

- Look into your folder where you saved your database.
- There will be a folder with the base name of your recording.
- Inside the folder you will find a .psmsa file. This is equivalent to the .emsa files.

3. Extract spectral imaging maps

- Save the maps by File > save map files.

- You will be asked to give the map a type (e.g. counts)

- A new entry will appear in the data list (e.g. filename.counts).

- The maps of all elements can be found in the database root folder as tif files (using the
color code as setup in Pathfinder).

3. Extract line scans

- Select your line scan
- Save as CSV or tiff by File > import / export

6 emsa files are text files with the spectrum and metadata.

Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:

Demonstration:

SEtUP the MICIrOSCOPE ....uvviiiciieee e e 6
SetUp the beamM.. ... 7
Start the pathfinder software........ccccooeeciiiveeei e 8
OPLIMIZING X-TaY COUNTS ...ooiiiiiiiieieee et e e e e serree e e e e e 10
2 CCToleT o I TR o T=Tor f o U1 o o U PUUURNt 14
Identify using the periodic SyStem ........cccocoevieeiiiiie e, 15
POINT ID MOAE ...ttt s 17
SPECLral IMAGING ....vveeeiiiiee e e e ree e e 18
Adjusting the spectral Maps ......cceeccieee e 19
Extracting spectra from maps ......cccoccveeiiicieee e 21
Map qUaNtIfication .......ceieciiee e 23
Multivariate statistical analysis with COMPASS .........ccccccovvvveeeicvieeenn. 24
[ g Tl 0 T T o LR 25
) CTE- 1V oY oot ={r-To] 1V SRR 26
LiNE SCAN ettt e 27
SaVING YOUr data ....uuviiieeeii e 28
oo [T TV o TU T g Ty o o U URURNt 29
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Demonstration: X-ray topography

Demonstration: setup the beam

Prerequisites:
Spectral maps recorded

3D graphs of the X-ray distribution

Prerequisites:
Sample(s) loaded
SEM bean on

Starting your session

Experiment: X-ray topography plots

- Select surface in the cursor tab IDT““"’H/ tine = cusor ¢ Ruler [A] Surface|
- The workspace changes. A large white
field appears on the top left.

- Select an element in the maps

X-Ray Topography

Qf Style

Choose your settings in the X-ray — ME
topography tab PR
0.0 100.0
Smallest Largest
Font size '_| ["] combine Electron Image
|| clip data outside color range
0 100 || Show outiine box
Opacity % ﬂ [v/] show axes
Al K
P
I

Over-voltage

The choice of the high voltage must be seen in the light of the elements you want to

detect. As a rule of thumb:
Ex—ray
HV 2 —————
0.5t00.7
Or at 30 kV (the maximum on the FIB-SEM), you can detect up to 21 keV edges. Use the

Slider tool to extract the information. For example, it Au is the goal:
- The K,edge of Au is at 68.794 keV

(= undetectable) :éﬁ“ ﬁjﬁ
- The M edge of Auis at 2.123 keV
(= detectable) D | 2
- The L,edge of Auis at 9.711 keV
(= detectable if HV > 13.9 kV).

7 A o |

Ban e | A AeY

K SERIES M SERIES
Ko | | | | | | ot | o |

* 1800 642-6538

www.thermo.com

Therefore, 15-20 kV is a good setting to detect Au.

Beam current

For now, the beam current can be set to standard values, e.g 0.4-0.8 nA.

Magnification

Do not zoom in too much to start. 500-1000X
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Demonstration: Multivariate statistical analysis®> with COMPASS

Prerequisites:
Spectral maps recorded

Extract compositionally distinct components without user input

This tool can objectively separate mixed pixel signals into distinct endmember spectra
and identify phases without prior elemental assumptions. Some examples of use cases
are Peak overlay mitigation in complex alloys, reduction of Ga noise in FIB lamellae and
statistical denoising in poor signal-to-noise maps (e.g. after short acquisition time).

Experiment: use COMPASS

Method

Area: weight by nearest neighbor, Recommended for most sample types
Spectral: No NN. Intended for samples with many small phases

Background

Using data: for data with a sufficiently high signal-to-noise

Using model:  for noisy data

Number of components
0 (auto)
1-15 optimization options

recommended as pilot

250 pm

o —— 1000 [ i  —

® Based on principal component analysis

Experiment: start the Pathfinder software and login onto a database

=

- Start the Pathfinder (icon on the desktop) on the Support PC

|

Pathner
- A splash screen is visible for 10-15 seconds.
2 Project Explorer.
- You are asked to use a database. Use an S =
Open Project New Project New Folder
exisiting one or create your OWN in YOUr USEr | sommmmrns s | (o
{2 Celular EDX.
folder. S e
) Dimitri
Jpoha Ot
e -
- You do not have to actively start a cooling = Qs i
Emage15 e
Jloana Notes:
- Jessica
&= kalpana
) Kan
C kenza
R




%000 1 Y
%1€°0 1 Pd
%000 111D
%000 110D
%0070 312

%8026 M Y

%LE'S 6N

%0070 ) 4
%P2 T N O
%000 D

%¥E) K319

‘uolysod (Ax) dew 214109ds e 1e Jusw|a
yaea J0J 9% dlwoie ay3 1ndino o} (,40S4NnI +,) J0SINd AJsuaiul asn ‘MoN

Y TR R u|
|

10s4nd Ajsuailu|

19K [yl X

'syunod yead Aes-x anJl Suissaiddns pue punoudyoeq Suineas|a
‘eJ309ds X@3 ul (A3 00Z-0~) WNNuIuod 3siou AS18ua-Mo| e 91e340 1By} S||em Jaquieyd
pue $32B}INS 10329313 WOJ} SU0J3Id|d0loyd 3J0s sa1etauad SuiSew) Joquieyd-ul paJedu)

3ui3ew Jaqueys u|

(% 3yS1om J0 d1wo3le %00T 01 %0 WOo4}) 00T 40 98ued djweuAp e yum sdew aie 3nNsaJ sy

$s9204d 211D -

*uolIN|0sa
0 1502 3y} 1e 9SI0u-01-|eusis 9
- TXT| 325 pU) uoIspid YH © p33ds Yo J } } Llll * } I ° LI'L
fomraoy Susseoais - JUISEDUDUL 4931} ueaw e Ajdde ||1m [puua) -
e oien © PSR Lpstiin ] J (spuo2as Jo Ja11ew e s 1 ‘sdew
uonnjosay Indin,
= Aysumqur IS 0 Sunodyead PIoysaIYL [ A| nggz LI:“M) lsal\U! 011uem nOA au“l )

[« swouew]  saesacen " ‘% Y319M ‘% d1woly

:9A31Yoe 03 Juem noA syuiodpus ay3 19S -
sdeuw ||e ss2204d nOA aunsse 03 p|oysalys, 393|9s3( -

3uissadoud dew ul |NVND 32998 -

"sswwoa @| weno (1Y) | sunoy ==”

Aepds o adik) dey

9% J1WO03}Ee 0] SIUNO0I JUDAUOI :JudWIIRAX]

e 53 19 3wl pe3g
825291 15/ sauoys
ZELOTT 15{ 5PN2g

"dn3as jJuawiiadx3 ay3 JO W0110q dY3 e dJe S2J01S PUB SIUNOI dY3 ‘MO -

PN dnyas Juswpadxy

MOJJB UMOP U343 Y3 )21J9 ‘dn3as Juswiiadxa ayi Jo 3y dol ay3 ul ‘uay] -

*(uonnjosaJ y3siH *3:9) Suinas Aue asooyds
pue (jwnu3dads e 1Je3s Jou 0Q) ,wnJa3dads 1els, 01 IXaU MOJJEe UMOP 3yl XID ‘udy] -

uedasaur Buibew) jendads arulod wnnoadsg

W

sisfjeueololpy

(][] wnaeds vss TY)

:wnJ3dads asooyd ‘gey sisAjeueodiw 3y ul Yy doy ayy uQ -

sjunod Aeu-x ay3 Suipuly :Judwiiadx3

94 21LWIO1E 03Ul SIUNOD SUILIBAUOD

popJ0daJ sdew |eJ303ds
:sausIinbaJald

uonesyyipuenb depy :uonesysuowaq

'S3UN02 Aed-X ay3 aziwizdo pinoys noA ‘ezep Suipaodad 1e1s noA 210499

2Jemyos ay3 ui usppiy Aiaa si Suinias yuenodwi siyL

pailasul 10309319
:sa1lsinbaJald

sjunod Aeu-x Suizjwndo :uonesisuowaq




2. Extract line plots Experiment: optimizing the X-ray counts

- Select ‘Line’. An orange line overlay 1. Switch off the chamber view. Click the lower right quadrant and press F6. Make sure
Appears in the image.
- Adjust the line (grab the edges)

- On the right: linescan processing

the topleft corner has this symbol: ‘ 1 ‘

2. Start the SEM scanning (i.e. there is NOT the symbol ‘ | ‘ on the top right quadrant)?*

becomes available. Adjust if needed. - Image size: e.g. 768 x 512

- Scan speed for good imaging: 5-10 ps/pixel (depends on the image size)
110

- Detector: ETD
R AT y rfﬂ"?*—*f{“ﬁ’f* i 3. Adjust the Beam current until you have
0 \ - high stores count (> 2000, better > 10 000)
& - not too high dead times (15 > dead time < 40)
70
- * Element Process time, dead time and stores /s
E 50 — AIK
= — Cul
40
— AuM
30 Linescan Processing
20 ;.
10 L X-ray induced —
s e [‘" Guofmge) 1 < | NmberofPons: ] voltage step
10 ata Options.
0 100 200 300 400 500 600 700 {DD Log Scale (] smooth [B= (] spine ] ~—— Charge restore
Microns Q
Linescan Display g
[ [v] Grid || symbols |v/] Error Bars ] ‘—6
Line Profiles >
On Linescan 9 OnAxis
Overlaid O Stacked || scaled Independently

1 At some point, the software can activate the scanheads, but not at the first scan.
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3. Image filters

The software allows to improve noise by filters (especially the smoothing filters).

- Filters will create severe artefacts in data with {Smoe
low dynamic range. Increase dynamic range by

H edian -
recording longer. [ Mo -[(B]
Properties
- In high dynamic range data, filters are not Kemel ize
. Passes 1 -
advisable. [+ -]

Dlﬁrﬁh’s

Selected Map (Al K)

< e |

Selected Filters

When you use filters, make sure you know what you are doing!

@

4. Change the transparency of the overlays

- In Image settings, choose Electron
image.

- BUG ALERT: Click Image filters and
then again on Image settings!!

- You can now change the
transparency of the overlays

250 ym

Selected Map (Al K) All Maps

@ Electron Image

s
Contast (4 1 [
Brightness @#@
Ganma (a1 [»]

|:| Show Legend
Transparency Factor 35%

|¥'] Map Overiays

@ Autoscale

Marker Colors...
Micron Bar: | Right hd

[ CuL
Il AIK

What process time to use?

Longer Process Times =
- better energy resolution
- but lower stores.

So, the choice of the Process Time depends on your application.
= measurement of overlapping elements or detection of light elements: long T,
=>» high stores required (mapping, low concentration): low T,

What Dead Time should | be using?

< 60%.

How many Stores /s should | have

This depends on the sample and your settings. Do not attempt to measure with less
than 1000-2000 Stores/s. Good values are between 10 000 and 30 000 Stores /s. Above
50 000 stores /s it is good to be true (and then often not true).

Example of a good setting

Detects fs: 18300
Stores fs: 13532
Dead Time %6 23 i |
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Demonstration: Spectral imaging

Demonstration: Identify using the periodic system

Prerequisites:
Detector inserted
Stores / s optimized

Prerequisites:
Spectrum recorded

Record an elemental map

Record a spectrum of the entire field of view

Experiment: acquire a map
1. Acquire an SEM image (see before)

2. Setup the variables. Map scans can take a very long time, and map size is a key setting
affecting the time. Do not overdo the map size. Usually, 256px is a good setting®.

-S| Acquisition
- Frame time: Time scan 1 frame Resoluton:
ey ame Time (s): - ime 3 459
- Number of frames: repetitions 0 e Busiine (=)
Number of Frames: 60 - Acquisition Time (s): 1200

3. Start the scan. If the autolD is on (standard), the maps of the detected elements will
be shown in the central pane.

o | 50

Element + overlay toggle

Min and max intensity

4t is advisable to have at least 50 values in the scan (this is the dynamic range). More is better.

KLM lines

With no auto ID run (all peaks unknown), left click on an element
and the peaks will be overlaid on the spectrum.

Click left/right on search to go through all elements.

& s P

Select the peak element

If the element was detected, double-click to see other available elements.

5h M5-03

Compare with a synthetic curve

Comparing with a theoretical curve allows you to see if you missed any elements
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