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Surface analysis with XPS, SEM, and
Raman for cleaning processes and
quality control

Methods and examples
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Fraunhofer in Stuttgart
5 Fraunhofer institutes at campus Stuttgart

= Fraunhofer Institute for Industrial Engineering IAO
= Fraunhofer Institute for Building Physics IBP

= Fraunhofer Institute for Interfacial Engineering and
Biotechnology IGB

= Fraunhofer Institute for Manufacturing Engineering and
Automation IPA

= Fraunhofer Information Center for Planning and Building IRB
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Figures and facts

1,800
employees

€117.4 million @b
operational budget | || |

65,000 m?
infrastructure area

Status: 2021
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Range of services

We conduct research on your behalf

product development

From laboratory to technical and pilot scale

Design and construction of demonstration
plants and prototypes

Implementation of new technologies

Process, technology and Analysis and testing

services

Physico-chemical analysis*

Surface and particle analysis*

GLP unit: Cell-based test systems

(Category 9)

Microbiological testing

allg

Consultancy and

studies

Feasibility studies
Technology analyses

Profitability studies

Cooperation models - ways of working together

* accredited testing field

One-off )
contracts Joint research
industrial projects with
contract multiple
research partners

Strategic
partnerships

national and
international

Licensing

of technologies
and processes

Technology
transfer through
to spin-offs

Training
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Surface analysis at Fraunhofer IGB i

] EEURE BRER & EEEsme
‘o NN EEEEEN fTlifress ey

IR L ERAN B SERRASERP S
E B = SFEE B EAN Ens
- 3 x TYFITTI I,
) L B | AENUENENEE
"M En AMA FF WES L} "

e NEE & B8 N SN W EEEUEEmME =0

assn ENpREpaREEnEE RN G

s HERNNERNEEREE EEUN= WEe

" W W I EAANERANEN BNEEEn@ESED N
e ER @ ® 8 W Amws & WMo ®w =
tem "SRR &0 - RENEmERN ne ‘TR L
L ¥ ] H % B snERsuz=ss
| EmE mmn | § | [ § N (1]
- [ & FEEEED "E EaEw FTRERSS
=8 W = & = EESsNEE M==wn
FHunge -e L - | & B L N
ENEENN EEEN 1
»aE B A E
L - E ) BeuEs
L eErss EasneE

I i i
g -

[ =]
Slide 4 14.09.2023 © Fraunhofer IGB Z Fraunhofer

IGB




Instrumentation
Large devices

© Kratos Analytical

|} S v—

t1I A/

Scanning electron microscope Raman microscope

X-ray photoelectron spectrometer

\
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What is being analyzed

I
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https://commons.wikimedia.org/w/index.php?curid=19964114
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XPS- x-ray photoelectron spectroscopy: S i
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Aluminum surface
“clean” surface

Slide 8

(i ]
4 Creation
Created by  Kratos-SUPRA\Kratos
Date created 13/11/2015 12:08
Computer  Kratos-SUPRA
4 Location
Location ID Ref
Sample Ref
Description (29.955,21.117 -0.228)mm

4 Charge Neutraliser On
Filament Current 0.37A
Filament Bias 1
Charge Balance 3.2V

4 Settings
4 Excitation
Made XP5 - monochromatic
Tuning Spectroscopy

Emission current 15.00mA
Ancde library Al

4 ESCA modes
Collimation Slot

Lens Hybrid
Resolution  160.00
4 Scan
Deflection (0.000, 0.000)mm
4 wide 136,690-1491.690eV, Sweeps 1

Start 136.690eV
End 1451.690eV
Centre 814.190eV
Width 1355.000eV

Step size 1.000eV
Number Steps 1355
Dwell time 88ms
Sweep time  120s
Sweeps 1
4 Acquisition Conditions
X-ray Power 225.00W

Counts per second

Mode XPS - monochromatic Collimation Slot Lens Hybrid Resolution 160,00 X-ray Power 225.00W

x106

14

Mg1SC*

O*

s

Mg*

1s

125

12

©
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Sinding energy (2V)
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400

200
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Aluminum
WD40

i

4 Creation

Created by
Date created
Computer

4 Location
Location ID
Sample
Description

Kratos-SUPRA\Kratos
13/11/2018 12:12
Kratos-SUPRA

WD40
WD40
(20,956 6.877,-0.175)mm

< Charge Neutraliser On
Filament Current 0374
Filament Bias v
Charge Balance 3.2V

4 Settings
4 Excitation
Mode
Tuning

4 ESCA modes

Lens
Resolution
4 Scan
Deflection
4 wide
Start
End
Centre
Width

XPS - monochromatic
Spectroscopy

Emissicn current 15.00mA
Anode library Al

Collimation Slot

Hybrid
160.00

(0.000, 0.000)mm
136,690-1491,690V, Sweeps 1
136,590V
14916908V
214,190V
1355.0008V

Step size 1.000eV

Number Steps 1355
Dwell time  88ms
Sweep time 1205
Sweeps 1
4 Acquisition Conditions
X-ray Power 225.00W

Counts par second

Maode XPS - monochromatic  Collimation Slot Lens Hybrid Resolution 160.00 X-ray Power 225.00W
%107

700

600

500

400

200

100

Mg1SC*

O*
Nals

Al2s
P1s| Al2p

1200 1000 800 §00 400 200

@

Binding energy (V]
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Aluminum

WD40

Element @ 02 01 Al Al Mg Si Na P
Es (eV) ges 532,2 530,8 ox met 50,6

534,3

Elementzusammensetzung in Atom%

$135
Referenz 1,7 534 210 11,6 25
Aluminium
matte Seite
5136
Aluminium 64,9 22,1 7.4 4.1 1,0 0,1 0,4
mit WD40
$136
Aluminium
mit WD40 78,7 13,1 46 2,2 0,6 0,2 0,4
Tropfenbereich

= With increasing thickness of the contamination, the substrate signal is reduced. The signal of the contamination increases.

= The oxygen signal contains both contributions of the metal oxide and carbon-oxygen compounds.
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XPS: Depth profiling
Profiling with ion beam: Ar*, Ar.* (n = 500..3000)

~
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SEM imaging

Core-shell particles

© GB

Linke Bildhalfte: InLens SE1-Signal. | Rechte Bildhalfte: EsB-Detektor, niederenergetische riickgestreute Elektranen (BSE) Mixed Signalerfassung, Abbildung mit SE1 und BSE, die Grenze zwischen Hille und Kern ist deutlich erkennbar.
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cps/eV

SEM-EDX : |
analysis of particles on a fiber i |

|I"| | \ | \
/ l l I'. ) o ey | s e I"\./\.,,..' | U‘\A
A | i | Ll iy

T R T T T —
05 10 15 20 25 EX] 35 40 45
Energie [keV]

0.5 10 15 2.0 25 30
Energie [keV]

cps/eV

05 10 15 20 25 30
Energie [keV]
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Chapter 04 esatey
Confocal Raman microscopy i
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Raman spectroscopy
Complementary to XPS / SEM-EDX

_CH3 -

/J\// M &
- In
@'la)n @H4)n

CoHe)n
O: only carbon is detectable by SEM-EDX and XPS
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Raman spectra of micro plastic.
black: PE, red: PS.

200 ik,
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Surface analysis with confocal Raman microscopy

= Spectra are acquired on a predefined
grid.
= Positioning is precisely done via an
automated stage.
= Evaluation of each local spectrum is
automatically carried out via
different algorithms,
PCA,
Comparison to reference spectra,
cluster analysis,
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Raman analysis

Example

Slide 18

14.09.2023

Challenge:
Surface of interest lies in a 2-3
mm cavity

=> Usage of LWD 50x objective
with WD 8.2 mm

© Fraunhofer IGB
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Raman analysis

Example
— S ! Objective 50x LWD, excitation laser 532 nm
Signals of Si-Wafer
~1600cm™!
'I 00_3200(:m—1 Raman shift / cm-1 \j

- ~3050cm-"

«3  ~2900cm’
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Summary / additional information

= By choosing the analytical method, the surface sensitivity of the chemical analysis can be selected. The information depth
increases in the following order: Auger < XPS < EDX. In such a way, the range of few nanometers to some microns is covered.

= Auger, XPS and EDX allow for element mapping the surface. In addition, XPS allows to analyze the chemical bonds in more
detail, whereas Auger and EDX offer a much higher lateral resolution.

= SEM vyields additional topographical information of the surface and allows to visualize changes in conductivity and other
material contrasts. In such a way, it may support the analyst to identify interesting regions for a subsequent analysis with other
analytical methods.

= Confocal Raman microscopy is a complementary method. Raman spectroscopy allows to identify materials via their
characteristic spectra, for example polymer particles with sizes starting already below 1 um.

FUr die Methoden XPS und ARXPS sind wir akkreditiert:

Oberflachenanalytik /Surface Analytics: Durch die DAKS nach DIN EN ISO/IEC
. . (( DAKKS 17025:2018 akkreditierter Prufberaich.
https://www.igb.fraunhofer.de/oberflaechenanalytik Devische DIE AKkreditierung gt nur for den in
. : ) : B-PL-11140-29.00 der Urkundenanlage D-PL-11140-23-00
https://www.igb.fraunhofer.de/surface-analytics aufgefuhrten Akkreditierungsumiang.
—
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