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The Avantage datasystem Overview

* A modern Windows application
« Covers entire Thermo Scientific XPS product range

NEW! Version 5:
Windows 7 (acquisition & processing)
Windows XP (processing only)

Familiar and consistent interface across all systems
Designed for multi-level datasets
Multi-technique support

Advanced Sample — to — Report workflows
Automated calibration tools

AVANTAGE :
o Confrol

o Acquire
° Process
o Report
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Avantage v5 — Powerful Features, Easier to Find
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AuUto an aIySiS Report Generation

e Generation of 18t pass reports
« Based on auto ID of survey spectrum

« Automated report compilation
e Survey & narrow scan data
* Experimental acquisition parameters
* User comments

« CCD image and analysis position information
« Peak ID and quantification table
 Chemical state appraisal table

* Now available for E250Xi & ThetaProbe

il 'I||I
/ i II_n\'JU:'I'I-I'Il'l'I“I
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Auto AnaIySiS The Method

. User intervention required . No user intervention required




Full recipe generation

Experiment Setup

* Advanced experiment object
» Acquisition
* Predefined acquisition of

— Points
— Linescans
— Iterations
— Mapping
— Depth Profiles

* Processing

 Full processing options

— Peak ID, Add and Quantification
— Peak Synthesis

— Multi- sample point & level batch
processing

— Re-use tried and tested parameters
* Reporting
 Export to 3 party software
— Word, Powerpoint, Excel etc.
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Full reCipe mode of Operation Automation of coating thickness measurement

The user ot

Loads samples into
pre-defined positions

Selects recipe

E|TI}: Contact Lenses
= P& x-Rayd01400um -G ON
[—] ‘-‘*'-' Lens 1
E| Lens 1
E‘“u‘ Depth Profile
Eéﬂ Fls snap
: E@ Load Peak Table
: ‘, Peak Fitting
Bl Create Peak Table Profile
1% Report




Full recipe mode of operation
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Full recipe mode of operation Results output

* Output format
 Excel, word etc..
» Export to predefined template documents
 Additional processing from via excel macros
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Automated Instrument Calibration

= Avantage ! Catibration o)X
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Automated Instrument Calibration

Detector, Lens, Analyser optimisation

= Detector

e Optimum operating voltage

 Efficiency signaturing

Detector Optimization
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* Spectrometer
 Lens constants for optimized performance
* Energy Scale
« Transmission function
* Energy deconvolution parameters
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Automated Instrument Calibration Energy scale calibration

Move to Au ref

I
| Sputtler 20s |

Acquire Au4f 7/2 spectrum

A 4

Move to Cu ref

 Calibration standard reference materials kept
under vacuum in K-Alpha, and on standard
block for 250Xi

 Single click for entire energy scale calibration
* Rapid, completed < 10 mins
* Traceability calibration history log recorded

Determine peak

I
| Sputter 20s |
|

~|Acquire Cu2p 3/2 spectrum

Y

Move to Ag ref

I
| Sputttlar 20s |

Acquire Ag3d 5/2 spectrum

energies

v
Calculate error
from reference
values

v

Adjust electronics
energy scale
calibration

Emor

Energy

Repeat process to confirm
within tolerance
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Automated Instrument Calibration

Energy scale calibration history

Error in peak position (meV)

K-Alpha Energy Scale Calibration History

150

100

50

-50

-100

« Maximum errorin 9
months 33meV

e Full calibration record
available on each tool

15



Automated Instrument Calibration lon gun setup

* lon gun auto set-up

* Optimum and calibrated beam current and focus
* Optimizes all modes 100-3keV A
» Auto-detect centre of current map : .\
* Excellent Alignment with XPS analysis position for depth profiling . F i
« Standard size apertures permanently mounted on stage in vacuum
» Excellent tool matching repeatability

« Consistent sputter rates

Microscope Sample current
image of aperture map through
aperture
16 ThermoFisher



ESCALAB 250Xi Intuitive sample navigation

e E250Xi platter camera (option)

« Sample platter camera option on E250Xi allows users to locate samples/features quickly and with
confidence. Improves efficiency and ease-of-use

« Photographic record of sample analysis
« Captures an image of sample block prior to loading into the system
» Calibrated sample image can be used to navigate from sample to sample, with simple mouse clicks

.

ESCALAB 250Xi optional platter camera and sample platter image

17 ThermoFisher
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Remote Access

eAnother room...
Another city...

Another country...

Acquisition

Progress monitoring

Data processing

Applications support

System optimisation / calibration
Online collaboration

System support

ThermoFisher
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Avantage Indexer

.8, Avantage Indexer

Title/Region

File Mame ar Path

Cls

[rata Acquired Between Dates

Start |41 407,201

End |19 /07/2001

Acquizition bode

() Scanned () SnapShot (<) Both

[] Flood Gun On
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r R 'Open Al Flos ' : ' o Te | 400 5 o happlicationsWolcana\Ey 3DATANC s Scan 0
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Clz Scan Show all redated files (acquired at the same Hme + processed data) i] Tre 280 a0 chapplications'WolcanohEvall 1.0ATAN T2 Scan.
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Cls 250um - Awe... | 20110202 02/02/2011 22:3... | Scanned 1] False 500 0 =
C1z Snap 201104134 13/04/2011 16:3... | SnapShot 500 True 200 15118110, e aS I Iy an d
s Snap 201104144 14/04/2011 16:1... | SnapShot 500 True 200 151.181170. . .
C1s Snap 20110419 19/04/2011 17:3... | SnapShat 500 True 200 153.00123... I m p O rt Stral g h t
Clz Snap 20110420 20/04/2011 13:5... | SnapShot 500 True 200 151.18023...

<l

13294 files found

Into Avantage
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@ Data processing functions

Backgrounds & Spectral Improvements

The world leader in serving science




Smart backgrounds

Ta4f Depth Profile Data

___________________________ rFrT-T-T- = = = ==-=-=-=-=-=-=-=======7=7=1
| TaH Snap .
| 1 Frame, 1.EIs.T:EI4I;If|Jf:.aFI|2ﬁE151.Q ! Frame. 1'D554425§:;'_ CAETE1 8 I: * We can apply a Slngle Bkgnd range!
| 04 chans. 7 DDE+04 | o Peak ; istent
oo ; R eak area is consistent —
| i \[| | accurate quantification
T | . +04T I H
e (| || anEDd |' | I|| :, * Line follows spectrum background
| \ w I . .
Elnd | IV PR | l:  Resistant to interference
L] g ) I .
3 | é e | | | * Ideal for depth profiles etc
| | ( S.00E+03T
2000 17, ,' \
| | \ . [ Smart background ]
| 0 ey PanEan 38 36 34 32 30 28 26 24 22 znll
| 38 36 .34.32 0 028 26 24 22 20 Binding Energy (24 ||
| Bch Time =0 =, ;:Icn:lt:ujiriy 7 Btch Time = 86041 =, Boh Level = 64 ::1 Frame, 1.0 1-34;53:25 CAE 1514 1 Frame, 1. T?:ﬁiﬂ:li CAE 1518
fid chans. chans.
: II 10000 E 2.00 E+04 i
. || IT il |
| [Shlrley background ] 0 o] ! ol ||'|||l|
! I\ ' |
| I
| Iy eooo 1 |I',| | 3 || |i.I |
I . e | | £ 1.00E+D4r |
| = We want to apply a single Bkgnd range ~ ;z _ | | 2 ||
= Shirley background must end horizontally | wmast A\ |
. . 1 ’ / \ / |
| = Peak moves during depth profile S AN —
| g deptnh p AN \Q
, = Interference from another peak N s S B
. . . i 36 AR G4 3T A0 MR G634 ¥ 30 38 36 34 32 30 2% 26 24 22 20
| = Negative peak area contribution — r i Enerey (1 Sinding Energy (51}
| Inaccurate quantlflcathn jl_BohTme=0s Bohlevel=0 Bioh Time = 86041 =, Bioh Lavel =64
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Spectral Deconvolution

« Spectral Deconvolution
* Removal of analyser contribution
« Jansson’s method
* PSF calculated from Ag standards

* Benefits
* Reduced acquisition times
* Reduced sample degradation
» Improved signal to noise
* Improved chemical state determination

5 Frame

Counts =

£ Deconvolution Algorithm
00 (@ Jansson (" Richardson-Lucy
Tan
Mo. of iterations | 100
GO0
i Deconvalve from |148 eV to 20 eV ﬂ
diin
PSF HWHM Left: |0.575128 Right: | 0.615241
300
i Deconvolve Display Level |
100
Deconvolve All Levels | Cancel
|

X

Energy Deconvolution

295 245 24d 292 A0 2EF 2E6 26d 2E2 260
Einding Enerqy (2]
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Spectrum deconvolution PSF acquisition

* PSFs for spectral deconvolution are calculated from spectra acquired from a
standard (e.g. Ag3d) at a range of pass energies.

* These are used as the basis of an equation describing the response at any given
pass energy

» These can then be applied to scanned or snapshot data to improve energy
resolution.

Sraallp | Clrasa | Sacas |= | Tirbbart Hen | Purbormarca | Sl | Digrasic: | e -
[Procenum [ Gl ]| | Deconvolution PSF Coeflidents =] . -
T — N0m@ 1521 Energy Deconvolution X
' Spactorata Lo Setie A0 1524 Automated Procesurs
W im i leta Csipacaie Ly = This grocedure acquires and processes data ko charackense = . ;
" gnm:-:w‘.ltﬁ ﬁﬂ"‘ﬁ’i‘.’? gl oo ok i il Deconvolution Algorithm SR
% Detecla Sigraam D@ 1B & B U T £ £ : !
' pcimiraie Enary Scia H i EE e ey e T, A G U A L + Jansson { Richardson-Lucy
gt Trasimdilon Furcban M5 1B = Tha standand defrad siver samphe [_Silver] & selected and 3 100
200pm X-ray spot used
» Ag3d spectra are scquired 3t @ range of paEs anangks {150, —PSF Source
100, 50, 4@, 30, 25, 20, 15, 10eV)
® The raw spacina ama stond Tor feferenca i a fddar named [ Dataspace
with tha data of tha test
» The fittsed 26F coalliciants wa stsrad 0 the regelry, . "
& [n noemsl cperation, spectra will Rave e PSE confficants " Mew Registry Calibrate |
sternd with the dstaspace bo snable fulurs processing

AL
ity = Wiew randts i)

» The botel time for the dota acqusiton &= approdmately 20 ™ PSF File Lmad File.. . |
b &n| 1 | Fauw minuk=

= Fest| =
" i
2o Deconvolve from

E:rdnrd Sample Fosflions uscd in r Old Registry I ;I

ExsndTroafommsg | ihes procedw .
Effective Pass Energy for I 20 _l
Deconvolution (V) Apply
PSF HWHM Left: I 0.576192 Right: I 0.417831
Deconvolve Display Level |
Deconvolve All Levels | Cancel |

i1
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SpeCtrum deconvolution Fluoro-polymer data

Aim to reduce total acquisition time

Acquire snapshot data at high PE

Convert high PE data to simulate low PE data
Factor of 10 improvement in acquisition time

* ldeal for mapping, depth profiling and delicate samples
O
) ) @
Hi-res acquired Deconvoluted o
4000 1.00E+05 5
c
—
| o
w00l 8.00E+04 S
—> v
" " 6.00E+04 T
% 2000 + %
© 8 4 ooesoal
1000 +
2.00E+04 +
0+ 0.00E+00 +—+——+—+—+——+—+—+—+—+————+———
298 296 294 292 290 288 286 284 282 280 298 296 294 292 290 288 286 284 282 280
Binding Energy (eV) Binding Energy (eV)
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Data Resampling

« Sometimes we acquire too many data points — oversampling.

» Resampling allows us to correct oversampling

» Also permits interpolation of data sets in case of undersampling
« Works for spectra, images, profiles...

Thermo Ava

File Edit View Window Help

|\ analysis A\ Compare/Overlay J Modify X-Profile Lx Arithmetic 8 Image |![” Utilities| L Angle Resolved XPS

l % @\ & YH:-; '."'E ||u|||' Resample Data - 5]

RN .
Resample Data = Selected Axis
........................ LY
Fﬁ ....... Etch Time, Etch Level, 400 Points ~|
LA
53 2500m Sn Coated CRODOI NP Pracessinn Wiew Pm-re.%imlflew:#? w
...... Axes details for first selected data file
....
........ Etch Time: Start=0 s End=4090.82 s {non-inear) Range=4090.82 s
fag, Etch Level: Start=0 End=399 Step=1 Range=399
~Sampling Method
i Sampling Step
) Simple {Pick) [ 2 =
® e
() Bilinear Number OFf Points
™ Bicubi Cancel
) Bbic —
! | (Gaussian
Mew 200
Width in data steps | 1.0 =
-
95 ThermoFisher
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Data Resampling — Depth Profile

* Depth profile acquired with

Atomic % Profile — Original

Atomic % Profile - Resampled

. 90 90
400 IeveIS - tOO many, nOISy, 7]»“1‘@*%1\1:(11“>\1’J‘ g }fu‘jl‘""‘)“hl&\“‘J‘\l’tﬁ}‘\[.“‘,1.1:‘1“‘{‘#‘\"““‘"\1‘1H‘,U’¢,J1\‘}\‘J\\“F“tl"v‘ AN
slow processing ol | ol |
« Resample to 100 levels by | 400 Data Point | 1100 Data Po; |
. L ala Foints L ata Points |
averaging groups of 4 levels 10 e 10 |
| T |
» Clearer, less noisy profile. o [ %60 |
Easier to process. |
\
- 50T s 50T |
- § | § |
Resample Data . 2 0t | g 107t \
Selected Axis ‘
Etch Time, Etch Level, 400 Paints - I AV L “
30 30 hfﬂww
Axes details for first selected data file /
Etch Time: Start=0 s End=4090.52 s (non-inear) Range=4020.32 5 207 | 207 \“
Etch Level: Start=0 End=39% Step=1Range =329 ‘ “ \‘\
T‘“‘\“ mw‘“‘ «P“”“"‘H‘H‘ MW\‘\u‘\’ﬂ\”‘w‘ ‘\N‘\“‘h““\bﬂu | -~ B “‘
[ ‘ e |
I 107 M 07 "‘
| |
| | 1
5EIITIFI|II'IQ Method SEITIII:I"I'IQ StEIJ e sy A gl £k sl i 8 14 e UAMJ/ 'Il‘JM "‘HM”’ ‘\«‘H;wr 0 e AP e~ er/ AW ;
Simple {Pick) { q = 0 1000 2000 3000 4000 1000 2000 3000 4000
@ Average = Etch Time (s) Etch Time (s)
26 ThermoFisher
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Data Resampling — XPS Imag

Bl e

- Spectral images with 128x128 25
pixels

50
* Resample to 64x64 pixels £ :Eu £
* Clearer, less noisy images. > 1 -
 Sharper than smoothing g 150 H
» Better for quantitative data ;;E

* Improved spectra at each pixel > GG .
200 100 0
Image X (pm)
—— 1 |

Selected Axis

d

|Image X, 128 Points

Axes details for first selected data file

Image X: Start=0 pm End=250 pm Step=1.95313 pm Range=250 pm

Image ¥ (dm)

Simple {Pick)

@ Average

{Sampling Method

Sampling Step

27

200 100 0
Image X (pm)
U
25
50
75
100
125
150
175
200
225 4
200 100 C
Image X (pm)
ThermoFisher
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@ Data processing examples

Reviewing multi-level datasets

The world leader in serving science




Target factor analysis Data-set review

» Target factor analysis

* Most significant components selected using TFA Linger  Shiey | Tougaard |
« Data set fitted with significant levels ferations: 34
* Poorly fitted levels added as significant components convers: | 0151
. rF]’cr)ci)sceeﬁrsn ﬁontlnues until all levels fit below signal to T —
End paoint average, eV 1.00
 User defined parameters Sgatonosereio  [f
° Flt range # Level | Rank | Signal/Moise |

» Background shape
* Signal averaging for background points

* Improves background selection for noisy data
« Signal to noise ratio

» Adjust the sensitivity of the process

29 ThermoFisher



Non linear least squares fitting

= Non Linear least squares fitting NLLSF Control Dialog
 User can select reference levels \ 7 7
 Entire data-set fit with reference levels NLLSF Fit Display
. Referencg levels can by 6000 Synthetic data
+ Synthetic Peaks Real data
« Data from within the data set SNNN _Ea_ a ]
- Library reference spectra NLLSF Area Profiles ’
* Possible to combine synthetic and real references 3 0pE+04 a
» Merged references for doublets =
= User Defined parameters @ 2 00E+04 Al Oxid
e Fi Q p Oxide
Fit range s Al2p Metal
« Background shape g 1.00E+04
» Signal averaging for background points
- Improves background selection for noisy data 0.00E+00
* Non linear components 10 20 30 40
« Total shift ~ Efch Level
*  Shift increment sU /8 fo /4 (2 (U
» Merge selection Binding Energy (eV)
| | Start MLLSF | Close ‘ Accept ‘ |
30 ThermoFisher



Peak fitting at every level

 Full fitting parameter control

. Fix values
_ Rel| Name ;Eak g%r AlZp
 Link parameters Alwaps | sz |2 (00 h
» Set ranges B [azp1 -ff;_f.é R AL I
« Asymmetric peaks c lm 7566 | 4 =]
* Add doublets Dois JPeks peakr [t . ;J“z,:
- Parameter & constraint management ~ § 4000 1
* Propagate values and constraints g -
* Define data space ranges 5
. . O 2000 |
* Recipes and automation i
« Save and load 1000
peak tables S 1 .
. . . A [ et
* Peak fitting within expt. tree

0
S B483 8281807978377 IB TS TATIT2T1 70 BY BE 67 66
Einding Energy (&)

ThermoFisher
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@ Data processing examples

Parallel XPS Imaging

The world leader in serving science




Point XPS Analysis

Analyser
(Energy
Selector)

2. Photo-electrons from
the surface are collected
and focussed into the
energy selector

3. Energy filtration is
applied, picking out a
single energy

4. An energy spectrum
is obtained by stepping
through a large range

1. Aluminium Ka x-rays . - @
. of energies in turn

illuminate a large area
on the sample, freeing
electrons from the

surface

33 ThermoFisher
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Parallel XPS Imaging

Analyser
(Energy
Selector)

3. A band-pass filter is
applied, selecting a single
photoelectron energy to
be focussed onto the
detector.

5. By stepping through
different energy values, a
three-dimensional
dataspace is formed.

2. Photo-electrons from
the surface are collected
and focussed into the
energy selector, while
preserving positional

information
X-ray 4. The 2D positional
source information for a

S

single energy is
reconstructed at the
detector

1. Aluminium Ka x-rays .
illuminate an area on :
the sample, freeing
electrons from the
surface

6. Energy spectra can then be reconstructed
from 2D areas in the images. In this example
we can see an energy shift between the blue
and red areas
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Parallel Imaging — 3 Modes of Operation

* There are three possible

imaging modes O1s Scan
4 00E+0S T

» Peak only | e

* Peak - Background

3.00E+051
* Full Spectrum
« Each has distinct advantages Peak Peak-Bgd

2. 00E+051 : .
Intensity Intensity

Courts /s

* Time vs. Information trade-off

1.00E+05T

-

0.00E+0Q0 H———+—+—+— t —t+—+
544 542 c40 b3 b6 534
Elim:lin g Energy (eV})

Spectrum Mode

(series of images recorded
across the peak)

Peak Background
Region Region
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Image-Defined Area Selection

For image-defined area selection
we acquire guantitative spectral
image sets.

This is a sequence of images
spanning a spectral region of
interest. The result is an image with
a spectrum at each pixel.

Any rectangular area can be
selected from the image to
generate average spectra from that
area.

¥P5 Image Control Properties o

#PS Image ]Aperture] General]
Energy Scale| — Scan Maode
" Kinetic " CRR
{* Binding + CAE

Pazz Energy (V] 200,000
Ciwell Time per Frame (=] 2
Murnber of Scanz 20

Energy Mode Binding Ernergy (V]

" Peak Only Lens Mode
Start| |524.000
" Peak & Bkg

Image 250um
(& Spectrum End | |542.000

[ Use predefined aperture zetting

Uze Curent

Energy Step Size
[1.000 &V = 18 Imagss

Average
Spectra\
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Real-Time Imaging For Alignment

* Alignment for selected area XPS using lens-defined analysis is straightforward with real-time parallel XPS imaging. The
Spectrometer Control (red box) can be used to start imaging a peak of interest using any chosen instrument parameters. The
Current Data View (blue box) then updates continuously (usually every 1-2 seconds) with a live XPS image of the sample. The live
camera view (green box) allows fine changes in stage position to centre a feature of interest in the image, either by using the
move arrow buttons or by double-clicking within the camera image.

200 300 400

500 600 700 800 900 1000 1100 1200 1300 1400

Kinetic Energy (V)

Spot/Fower | plono 850um -
Oxray @ ton  (Fiood Experiment is complete. Total duration was 00:57:11

FIA N A+ LN ® A AR

NavBar

ke 19 9]

£ Thermo Avantage o '
| File Edit View Window Help
Experiment X ]\ analysis| A\ compare/overiay ¥ Modity JcProfile Tx Arithmetic ¢@Image [ Utilities A -Angle Resolved XPS 1 Display Modes| ¥ Display Options W Reporting
""" pectrometer Control Unknown | i [t NLS TFA PCA ‘L‘; ‘_ < W D [_ Ju E \_E. Y@ L =
Settings - =
E (e B ) P By ) || Processing View  Processing Views #2  Proce . Processing View: #3 x _
R e Real_ I ime Image ‘Nama ‘Paak ‘Hewghl P |atoric ‘q‘ r
Lens Mode: Image 150um Stop L - KE JCPS eV ol
——|Ip"—0— ]
Wl | ) -FOV and Angle Aperture
- F |
{} i ©
A ] 2 Data | Peaks| Peak Fit Chemical State
:4 30 D a
1 Survey
i Set parameters : z
50 =2
3]
i
Gun Mana Anade DXE) - & =
E 7.00E-05 B
= e 7
Spat/Pawer [Mnm 650pum v] %
- gu o
Shutd Detail Tum O £ . =
[ own | [ ais | [ Tumon | @ 5.00E+05 T
1 &
Ton Etch Control Gunis off ¥ | 100
Flood Gun Cantrol Gunison 4| 10 < o0e0e
Ik Beam Mode | Chaige Comp Standard - 120 .
130 I .
[(shtdown | [ Detts | [ ot | § 400E:05 |
140 8
) &0 40 20 0 2008405
Image X (um)
Tz experiment [Hinstrument | i sample 2 00E+05
X-Ray Gun Object
3Ry mode | General | ©o0e05
XRay Gun
Gun Mona Anade (<A6) - 0.00E
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Real-Time Imaging For Alignment

Once a feature is centred, the analysis area can be chosen using the aperture control (red box). This lets the user close the field of
view iris until the analysis area is within the feature of interest. The live image updates to show the iris closing, so that the size and
location of the analysis area is precisely known. Small-area XPS can then be performed using the same iris settings, so that the
analysis area is exactly the same as in the image.

¥ Thermo Avantage e T
File Edit View Window Help
Experiment X |/ Analysis| A\ Compare/Overtay # Modify JCProfile T Arithmetic #iImage | Utilities - Angle Resolved XPS 12 Display Modes| [¥i Display Options W Reporting
- - . e NLS TFA PCA LA | p = v
Spectrometer Control Unknown 4 | ) J N | |g el e |_E. ‘ @ o _
Setings = 7.
ﬁ Centre Eneray (V) 954 Pass Energy €V) 150,00 Processing View  Processing View: 52 Processing View: 4 Optical View [Live Video] - Processing View: #3 < -
Duwell Time s} 2 Std Block Centre = ‘, +x|L D" Point = D/*|ﬁ Mame |Pesk |Height |[FWHM |Atomic |Q T
KE |cPs eV
Lens Mode [Image 150um [ s | 5 - Il
T e
ki) || Fovand Angle Aperture
Predefined Aperture Postions Spectrometer Instrument Corttrol (Image)
-
Angle I 3000
\.A Field of View [ 500 Data |Peaks| PeakFit Chemical State
_-J Electron Gun Control The PSUis OK ¥ 3 o
1
é_@ SEM Detector Control T167 Comms OK ¥ A Survey |
== | | X-Ray Gun Control Gunison & =
3]
=
Gun Mona Anade (<6 - e
== 7.00E-08 k=
B
Spot/Fower | hane B5um -] =
E [ shidown | [ Detals | [ Tumon | 5005405 BT
I°f ; =
Ton Etch Control Gunisoff ¥ |
| Gunison 4| ¢ 00805
Ik Beam Mode | Chage Comp Siandard -
®
£ Lo
<05
[ ‘Shutdown ] [ Details ] [ Aoply ] E
8
3.00E405
Tezexperiment [Hinstrument | 15 sample 2.00E+08
X-Ray Gun Object x
SRy mode | General | P
¥Ray Gun
Gun Mono Anode [<F) - 0.00
200 300 400 500 600 700 800 800 1000 1100 1200 1300 1400
Kinetic Eneray (V)
Spot/Power [ Mana 650um -
‘ i v
AN A | ot X
AW A+ SN AN P
[« ey B : L & —
T z e e = NavBar
FOV | 2381 x1.591 mm x |25857mm |y [-3437mm z 002mm T 00" A |360.00 w k@ i 3
Qxray @ ton (D Flood Experiment is complete. Total duration was 00:57:11
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CO, Treated catalyst XPS Imaging Example

Dispersed catalyst grains were studied EISINI3050 LSBT IS Aun SAenn S00UTS4 55 iy Cea i g
Parallel imaging technique, 250 pm FOV
Quantitative spectral imaging data

Sequences of images in small energy steps
across each peak.

Images with a quantifiable spectrum at each
pixel.

Yo}

The images were acquired with an analyser
pass energy of 60 eV and an energy step
between images of 0.2 eV. Each image
sequence was acquired for 10 scans (8 for
Si2p). Therefore each single-energy image was
acquired for about 20 seconds.

Acquisition Regions

© Si2p . : . : : : "
. Ols * A zoomed-in portion of the optical view shows the particles at the analysis position
° Cls « One of the particles at the centre is brown,

* Fe2p

- Ni2p *The other is white.

* Do these particles have a different surface composition?
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CO, Treated spent catalyst

As an example, some of the Ols
spectral image data

60 images were acquired in
total, from 525-537 eV binding
energy, in steps of 0.2 eV.

The spectrum shown generated
by averaging spectra from all
16384 pixels in the image set

Represents the total O1s
spectrum with no spatial
information left.

Five images from the set are
shown below, with arrows
showing the binding energy they
correspond to. The middle three
show varying intensities on the
particles as the binding energy
changes. This demonstrates that
the two particles have different
oxygen chemistries.

Background

1= =tack
(534.88 eV)

O1s Average Spectrum
10 Scans, 20 m 20.0 s, 900um
CAE 60.0, 0.20 eV

Counts /s
o
o
N

/\
/
\
/N

01z stack
(532.28 V)

LY AL
536 34 532 | 530

Binding Enefgy (eV)

4

01= =tack
(530.68 V)

Background

01z =tack
(525.08 eV)

01z =stack
(525.48 V)
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CO, Treated spent catalyst

*The data sets were quantified to generate *Fe2p and Ni2p3 show a stronger ~ *This indicates that the smaller
atomic % images of the sample, shown signal from the larger particle. partlcl_e has Igwer concentrations of
here. These show two particles fully within metallic species at the surface

the imaged area, one large and one small. *Does this explain the colour change?

The approximate outlines of the particles are

shown on the Si2p image.

Atomic Percent Profile 89.9 Atomic Percent Profile 100
[Si2p) (01s)
* The Si2p image shows both particles with ; T :

similar signal intensity.

50

» Ols shows a stronger signal from the small H E 100
particle. ) -
- =

E E 150

- - 200

0 100 200 0 100 200
Image X (pm) Image X (pm)
Atomic Percent Profile 92.6 Atomic Percent Profile Atomic Percent Profile
[C1s) [Fe2p) [Ni2p3)
1] 1] R -
50 50
E E E
2 100 2 100 =2
- - I >
- - =
E 150 E 150 E
= 200 = 200 =
0 100 200 0 100 200 0 100 200
Image X (pm) Image X (pm) Image X (pm)
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CO, Treated spent catalyst

Rectangular areas were defined on the at.% images (shown on
the Siimage below left), and the spectra from all pixels within
those areas were averaged together. A comparison of spectra
from the large particle (red) and small particle (green) shows
that the small particle has virtually no Fe or Ni, and increased C
and O (and a small increase in Si).

On the large patrticle, the O1s spectrum shows a clear metal
oxide peak to low binding energy, but that is weak or missing

from the small particle.

Atomic Percent Profile
[5i2p)

Image ¥ (pm)

Image X (pm)

Counts / s

Overlay_Si2p

0.016 T
0.014T
0.012T

T Jo\
0.010T ﬁ
0.008 T /

I f \
0.006 T

0.004 :&/\/\/\_

0.002°7 A

0.000
107 106 105 104 103 102 101100 99 98

Binding Energy (eV)

Counts /s

Counts / s

Large Particle
Small Particle

Overlay_Cls Overlay_O1s

0.025 0.08T :

I 5 0.07T
0.020 T T

| 0.067
0.0157 w 0.05T /\ 3

4 \ §2) J /

- £ 0047 /

| \ 2
0.010 \ O 0,03 / \\

- 0.02T \

0005 | /i \W T

and ~ 0.017T ~

I S A .
0.000 0.00

290 289 288 287 286 285 284 283 282 281
Binding Energy (eV)

Overlay_Fe2p

537536535%34533532531530529528527526
Binding Energy (eV)

Overlay_Ni2p3

T ]
i t
0.020 T /)
T VA \f“\ 0.025 ™
| A
0.018T il / Y \ + AN N N

1 ’N \vr \ n ’/ V w \\ / \/ \/V

LA VY o 0ozt WV VA p N
0.016 1\ |,/ 20

+ // \/ j \ g 4

Loy 5
00147 | ! 3 001t
0.0127T , \ - ’

A VAN, W\ 0.020F7 W A\ LA WA VA A
00107/ /U AU T \ . v L
0_0081%%11}11%}1}}‘ 0.005 "ttt

718 716 714 712 710 708 706 868866 864 862 860 858 856 854 852 850

Binding Energy (eV)

Binding Energy (eV)
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CO, Treated spent catalyst

The principal component analysis (PCA) algorithm
was applied to the Ol1s spectral image set. This
identified two factors, shown right. The second
(green) factor is dominated by metal oxide
chemistry, whereas the first (red) is more typical of
Al and Si oxides, and organic material.

The two factors were then fitted back into the
original data to plot the distributions of the two
chemical states. An example of this is shown far
right, with the two factors fitted to one of the
spectra from a single pixel in the image set. One
strength of PCA is clear here — the factors
identified in the process have much better signal
statistics than any single spectrum in the data set.
This is due to the PCA function using the entire
data set to identify signals and reduce noise.

After fitting the PCA factors to the data, the atomic
% images presented earlier were regenerated,
including the two O1s states.

The O1l1s images are shown below. PCA 1, the
“other” oxygen, is on both particles but is stronger
on the smaller one. PCA 2, the metal oxide, is only
strong on the large particle. The different
distributions of the two states are clear from the
PCA analysis.

Image Y (pm)

100

150

O1s PCA Eigen Vectors Rotated NonNeg

0.025 T

0.020 T

0.015 T

Counts /s

0.005 T

0.010 T

PCA1
PCA 2

/.

—_—

0.000

e e I

537 536 535 534 533 532 531 530 529 528 527 526

Atomic Percent Profile
(01= PCA 1)

0

100
Image X (pm)

200

Binding Energy (eV)

Atomic Percent Profile
(01= PCA 2)

100

150

Image Y (pm)

200

0 100
Image X (pm)
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CO, Treated spent catalyst: Phase analysis Result

For further detail, the Phase
Analysis algorithm was used,
which applies principal
component analysis (PCA) to the
guantified compositional
information at each pixel. This
effectively looks for areas of
similar composition in the sample

The phase analysis algorithm
identified three compositional
phases as shown in the phase
image here.

The first phase (red) is the
surrounding carbon tape.

The second phase (green) is all
particles within the image.

The third phase (blue)
highlights the brown coloured
particles, but not the smaller

W ()

20

40

&0

4l

100

120

140

160

180

200

220

240

Overlayed Interpolated Phases
{Overlayed Image])
10 Scans, 20.0 5, 900pm, CAE 60.0, CAE 60.0

25 30 75 104 125 150 178 200 225
X (pm}
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CO, Treated spent catalyst

The phase analysis routine
generates average spectra from
each phase, by combining the
spectra from all of the red,
green and blue pixels. These
are shown here, together with
the compositional information
from these average spectra.

Atomic percent (%)

60

Average Atomic %

Ols

Counts /s

Phase 1

Si2p
Fe2p
Ni2p3
Cls

Phase 2 Phase 3

Phase

Fe2p stack - Average Spectrum of Phase

0.007T
0.006 T
0.005 T
0.004 T
0.003 T

0.002 T

0.001 7

Phase 1
Phase 2
Phase 3

L e e L A B B B

0.000 +
718 716

714 712 710 708 706
Binding Energy (eV)

Ols stack - Average Spectrum of Phase

Phase 1
— —  Phase 2
Phase 3
0.05T
0.0471
2 0.03T
2 |
=
>
S 0021
0017
0.00 “F ==
53753653534533532531530529528527526
Binding Energy (eV)
Ni2p3 stack - Average Spectrum of Phase
Phase 1
— —  Phase 2
Phase 3
0.005T
0.004 1
2 0.0031
@
c
3
8 0.0021
0.0017
0.000

868866 864 862 860858 856 854 852 850
Binding Energy (eV)

Counts /s

Counts /' s

Si2p stack - Average Spectrum of Phase

Phase 1
* —  Phase 2
Phase 3
0.010T
0.008 T
0.006 T
0.004 T
0.002 7T
0.000 AN \A“u-p.t. P

107 106 105 104 103 102 101100 99
Binding Energy (eV)

C1s stack - Average Spectrum of Phase

Phase 1
o ~—  Phase 2
Phase 3
0.030T
0.020 T
0.010T -
0.000 FFT=FF+—+—+—+—+——+— =

98

290 289 288 287 286 285 284 283 282
Binding Energy (eV)

281
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CO, Treated spent catalyst

» Average spectra were generated from
rectangular areas on the large (red) and
small (green) particles as before. The
spectra are shown here. These have
been quantified to give the composition
tables below. This data shows that the
white particle does have a small amount
of Fe and Ni, and has a similar amount of
V to the brown particle.

Peak BE/eV At. %
Si2p 102.9 16.68
Cls 284.6 23.32
V2p3 516.3 0.24
Ols 532.0 55.93
Fe2p 710.7 2.26
Ni2p3 855.4 1.57

Peak BE/eV At. %
Si2p 103.0 17.42
Cls 284.6 32.72
V2p3 517.1 0.18
Ols 532.0 49.13
Fe2p 712.4 0.21
Ni2p3 853.6 0.34

Counts /s

Counts /s

Overlay_Si2p Overlay_C1s Overlay_V2p3
0.016 T 0.030T 0.0048T7
L 2 |
0.0147 | 0.0046 1
00127 0.00447\ |
0.020 T 10|
0.010T » ” ITAN)
T - ~ 0.00427 /" |l
(%) 2] ||
0.008 T ‘g’ ‘g T |
1 3 3 0.0040T | |
0.006 T © | © 1
T 0.010 |
0.004 T 0.00387
0_0024“~"ﬁ B _ o~ 0.0036
0.000 "ttt 0.000 0.0034 F—+—t+—+—+—+——+—+—+——+——+—
107 106 105 104 103 102 101100 99 98 290 289 288 287 286 285 284 283 282 281 524 522 520 518 516 514 512
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
Overlay_Ols Overlay_Fe2p Overlay_Ni2p3
0.07T B r r
0.06 T 0.0207
r 1 0.0257
0.051 0.0187 r
0.041 2 0.0161 200207
i 2 J 2 L
] 5 | 5
0.03] § 00147 3 0015+
0.02 0.012] \ . B
T T N - N 0010__ Vel v VAN
0.017 0.0107 BN |
0.00 " 0.008 +—F—t+—t+—+—F—+—+—+—+—+—+—+ 0.005 "+ttt

53753653534533532531530529528527526
Binding Energy (eV)

718 716
Binding Energy (eV)

714 712 710 708 706

868866 864 862 860 858 856 854 852 850
Binding Energy (eV)
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@ Data processing examples

Depth profiles

The world leader in serving science




Depth prOfile deconvolution Escape depth correction

« Corrects for sampling depth

Using Briggs and Seahs equation

: X[z) = I(z) - d()/dz * A

ed. (4.9) on p155 of Briggs and Seah

 Attenuation length is calculated using an “Average Matrix”
Simple fast implementation

Improves resolution of ultra shallow profiles

Resolves discrete interface layers

Atomic Percent Profile
1 Scan, 0.050s, 1004, CAE 100.0, CAE 100.0
Mao3d
Si2p

100

801

607

401

Atomic percent (%)

201

0 10 20 30 40 30 60
Etch Depth (nm)
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Depth profile deconvolution SiOxNy/Si Profile

Atomic Percent Profile Atomic Percent Profile (Esc Depth Com)
2 Frames, 2.0s, 400%;. CAE 151.6. CAE 151.6 2Frames, 20s. 4004 . CAE 151.6. CAE 1516
100 100
*) Before “I| After ]
80 801
701 701
E . — 5iZp0 E ] — 5i2p0
] — Si2p ] — Si2p
% 50_ — 15 § E'U_ — 1S
E — 015 £ — O3
2 *40: — s £ 40: — C1s
30 301
201 201
104\=F 101
G-L - 0
001 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5
Etch Depth (nm}) Etch Depth {nm)
* Resolves discrete layers = Improves depth resolution
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PCA depth profile analysis

c.o PolymenLubrcant

Co,P1,Cr Magnetic Data Layer

R Nanmagnetic Layer

Co,PL.Cr Magnetic Data Layer

Ru MNonmagnetic Layer

Etch Time (5]

NiTa Buifer Layer

>
()
-
D
QD
(%)
>

(@]

O,54,ALNa, Zr K Glass Subsirate

Q.
D

©
—
=5 |

1300 1200 1100 1000 00 800 700 €00 £00 400 300 200 100 L]
Bineclineg Enwrgy (#V)

*Survey depth profiling is a method which captures all XPS-detectable elements during a depth
eIt is not necessary to know all of the potential elements in the composition profile prior to analysis
*Only feasible with high sensitivity XPS system, combined with rapid-response electronics/software for data collection
*Above example is K-Alpha survey depth profile of a hard disk
*Survey spectra at each profile level have only 9s acquisition time and total time to substrate is only 100 mins
+All elements within the disk have been detected

eAvantage datasystem allows collection of survey spectra to be viewed as an “image”, which can then be directly correlated with the layer
structure of the hard disk
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@ Data processing examples

Angle Resolved XPS

The world leader in serving science




Relative Depth Plot

Provides Information about layer ordering
 Construction:

» Collect ARXPS spectra 2 s - Surface

2V Q )
* For each element, calculate: sio, Wy ® o0 =
| D8 s @

| ISurfaceAngIe - = < T .’Lﬁ ® -

BulkAngle a4 @) S &

© z @

' @ | Buk
* Information

» Reveals the ordering of the chemical - Relative depth plot from silicon

species .
oxynitride shows:
« Advantages
e C at surface
* Fast

* Two N species each with different
depth distributions
* Limitation « Si substrate

* No depth scale

* Model independent, no assumptions
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Single Overlayer Model

 Information depth varies with
collection angle

° | =1~>exp(-d/Acosb)

Photoelectron
Emission

Surface .P ® S'gnal from A
o IA=17,[1-exp(-d/i, ACOS 0)]
* Signal from B
'Bulk Angle' 'Surface Angle' * lg =15 exp(-d/ig,Acos)

. _ o - * Ratio

- 8 = = _exp —d

. = = qa 1 exp[ ]

g s o = :A=R=R0 /’LA,Acose

/.\_ /\ . B exp —d
Binding Energy Binding Energy /IB, Acosé’

« Simplify

If IA,A = IB,A = |A
* Then
In[1+R/ Rl = d/(A, C0OSO)
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Multi-Overlayer Calculator

(e X
Set angular range Multi-Overlayer Calculator x|
Heragr
LT " Instrument
Argls 2380 - Typs IThetaF’mbe "l A Mg
~Hecipe Units——
m‘[c-mzaa-sm-a <] Sae | Mew | * nm
A
— Layer data /
Select number of layers Mumber Chemical ||  Cloula
of layers AP35 Peak Formula th
\ A - [cs =] W =

~, e B 2 «——= Calculated Thickness

Save ‘recipe’~__

Define layers

36 Ovedayer 3 _ASizp0 ~|  [sio2 053 47
[si2p N
EIectronAttenuation...l Material PfDDB”iBS"I‘\ Enter materlal .
Navigstar o properties if not in
Select peaks ilﬂ ﬂil ¥ Gr:; Calculate I Cancel | Accept | data base
Si
100
10 N T
. :
. PoTTER s s Operates on multi -
Compare calculated 1 Y e w L oo dimensional data sets
and experimental Cre T © aepsizg such as linescans and
data to assess quality maps etc
of fit D'120 "w  a m e
5]
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Depth Profile Generation

Non-destructive depth profiles can only be generated using an
iterative method

----!
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ARXPS Suite

e Built iIn TPP-2M calculator

* Fit up to three layers on a
substrate

* Built In materials database
» Select angular range
» Recipe operation

N C ' Analyser l
Zoom

Microscope
jneﬁg}’

Detector

Lens

Focused
X-rays
Sample

Theta Probe Technology

Multi-Overlayer thickness calculator

Multi-Overlayer Calculator

, Heraps
b aimum o Instrument
Angle |59.38 vI Type IThetaF’robe 'I a4l Mg
—Recip Uhits—
M ame ISAMB j Save | Mew | & nm
A
— Layer data
Chemical Calculated
Mumber Usze
of lapers #P5 Peak Formula | Liepth
16 |ClsTotal »| |C17H35045 [1.53
2 " I e I LI I I
30 Owerlaper 3 I LI I I
| Bt | A
Electron Atteruation. . | I aterial Properties... |
 Navigator Calculate Cancel
g iRun &R Process: Accept |

e M
* * C1sTotaltfudt
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ARXPS Suite

Non-destructive profiling

* Maximum entropy calculations
* Non-destructive profiles from ARXPS

(& ARProcess
Run Queue
Title Status
R title:
Queue contral
Addto | |
Stopped 1 iteration

100
90
a0
g 70
Z &0
=
= CisA
= 50 158
£ e
m
T 30 sz
20
10
0 o
00 0204 06 0810121416 18 20 22 24
Depth {(nm)
Fit Unit Recipe —_ - Graph Oukput
Run | Minimum | i) | Best | Time | # Data
[54M PEG =] | [G16 206726e002 034 Yes 0619 Jorofilz
G17 206706002 094  Yes 0622 wpg
: G18  206697e-002 094  Yes 06:25 o
Peak:
R | New | |ED S 0% ve o e
G20  206661e-002 094  Yes 06:31 " Fit Units
Depth Range F1 2.06437e-002 094  Wes 0704 — . )
‘o ~ Ful v Prafile Cuality
ebtey Scale < | > (+ Fastest

1.532 o mmit A

I~ Adjust EAL for @ » B0°

I | o
Clear | Start |

| Cloze

Fit Unit Recipe

Cwverlayer Fit Units

C17H35045|

| C10Hz0 cisa ~|| |
| C7H1504 |C1sB »|lo1s  +]
s sz =l ]

=l

=l

=l

=l

=l

=l

=l

=l

* Fit with chemical units
* Recipe mode

&

A-ray source
* alka  Mgka

Material Properties. .. |

Electron Atkenuation. .. |

Interface Parameters
Substrate constraink

=l

=l

=l

=l

Substrate Fit it

=l

=l

Lol Lef el Lol Lol L L Lo L L
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Save | O

Lowest minimurm: 2, 1603e-002 { g = 0,92 nm }
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ARXPS Suite Functionalised Thiols Data

Hydroxy Undecanethiol [ 1-Mercapto-11-undecyl-tri(ethylene glycol)]

Mumber of Carbons

Mumber of Carbons
1 - - - 5 - - - - 1.1

1 5 11

HE" T e T e T T Y H.CH
Hsf‘WW"“-ﬂfm LHO)-H

100 F 100 F
o X |
(@) )
Z 60 F g 60
— [
S S 40
o 40 F O C,H,
§ S H,OH S
CH,O S 0 . \
0 1
Depth/nm Depth/nm

« Samples and images provided by Asemblon Inc.
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® Upcoming Features

Multiple Language Support

The world leader in serving science




Language Support

« Avantage v1 — v5 released in English Language only

« Coming soon — multiple language support

Workspace Preferences

=-[3 Preferences
---III Conversion Preferences
---I:I Experiment Preferences
---III Processing Preferences
#-[1 Ul Preferences

- n

Language |Defaurt Settings' Details Pages' Views |

Select your language. After changing the language exit Avantage, run server

stopper and restart Avantage to see the new language used.
[}

I (E{F) PIRARSTE
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Chinese Language

» All text in the user interface can be translated

. Themo e I

s sE N8 B0 =8
Latf | Agam J &s kay kiE aEg JIE LEses

SRR

—
I

| EFn EEEHEZESMmE |
L weERE x
153 £ [ FWHM | Atomic
BE eV %
-
_-j HE #E | BE EEEE (tE=s)
A B

ﬂ@ 1 Ci= Snap
— 300
e 800 ﬂ
—=X

1 W

i n
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Chinese Language

« Translations currently in progress
« Shou Lin and Albert Ge are managing this

333/ The data has no Ols peak BT A O1s1ZIE
334 The special processing selected is incompatible with this data EERNF MBS EENET AT
335 | Thread Did Not Terminate.\nClose and restart application HIEFE L \nEHFEERBERE
336 Ready ot a8
337/Running =T
33B|Waiting to Stop EfFELE
338|53topped B{ELt
340 5top Failed
ey wewme
342|Solving(%d) Fifid)
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Summary

« Avantage is the complete XPS software package
* Design & run complex experiments
* Interpret and process all types of XPS data
* Images
* Depth Profiles
* ARXPS
e Point analyses
« Automate your workflow
 Full auto-analysis
» Batch process recipe mode
* Report your data
« MS Office application
* Data export
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Thank You For Listening!

Any Questions?
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