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s Hiow can you access the power of aXis2000 ?




B2SIc Principles

102 1 10?2 103 104 10° Energy (eV)

IR Vis-UV  Soft X-ray  Tender X-ray Hard X-ray
FT-IR oY
microscopy

ray absorption contrast for

- * chemically sensitive imaging - "X-ray imaging”  NEXAFS microscopy
- * spatially resolved chemical analysis - 'Micro-probe”

Soft X-ray microscopy Hard X-ray microscopy

i

_ netrating power of X-rays to study
= *wet soft matter (biology, polymers, nano-materials) Soft X-rays ("water window")

* fluorescence microprobe } Hard X-rays
* non-destructive testing; tomography

References:

* J. Kirz, C. Jacobsen and M. Howells, Quarterly Review of Biophyisics, 33 (1995) 33

- H. Ade, in Experimental Methods in the Physical Sciences, Vol. 32, pp. 225, J.A.R. Samson and
D.L. Ederer Ed., Academic Press, 1998

« A.P. Hitchcock, American Laboratory, 33 (2001) 30; J. El. spec. 144 (2005) 259.

* H. Ade and S.G. Urquhart, in " Chemical Applications of Synchrotron Radiation’ T. K. Sham,
ed. (World Scientific Publishing, 2002)




Overview of techniques

STXM ALS BL 5.3.2; BL11.0, NSLS X1A, BESSY

TXM now at ALS BL 6.1.2 XM-1, BESS

anning Transmission X-ray

. Transmission X-ra -ray PhotoEmission Electron
Microscopy - STXM Y Y
Microscopy TXM Microscopy - X-PEEM
Monochromatic Polychromatic
X Rays

TR, e

[ZonePlale  pm——, Fe
Soft X-ray
Microscopes
Monochromalo
Fluorescence Pinhobe ~28um
' Photans
. Sampla i& 7

Y Scanning
Sample Stage Micna
Zone Plate

X-PEEM now at ALS BL 7.3.1, SLS, Trieste, SRC

Scanning Photoelectron ~ SPEM now at ALS, Trieste, Taiwan, Korea..
Microscopy - SPEM



Sensmwty of Polymer NEXAFS Spectroscopy
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Electron yield-based soft X-ray microscopies

Primary XAS process produces - photoelectrons

Core hole decay produces All are being developed as detection
- Auger & secondary electrons channels for analytical X-ray microscopy
- photons
- ions
- luminescence photons )
SPEM —Scanning PhotoElectron Microscopy Elettra, Pohang Light Source

ALSBL 7.0.1

PEEM - Photo-Emission Electron Microscopy =~ Sommercially available
* most SR facilities ; BESSY -SMART

ALS BL 7.3.1 [ PEEM2]
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5 nm pixels
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CaPeRS - Canada’s Elmitec PEEM
now at CLS

But only ~50 nm with synchrotron light due
to e- distribution & chromatic aberration




TXM — biological applications

- first demonstrated Gunter Schmal (Gottenberg) — BESSY (~1986)
- TXM microscopes at ALS (XM-1), Bessy, Aarhaus, Elettra

sample holder

Vacuum He/Air Vacuurm |

- support A.
#" membrans

_ soft x-rays
ISRV AV AV
ALS
bending
magnet Y condenser—
zone plate

.
TN -
1
i

- wet cells: biomaterials & biological imagir
- Cryo imaging

1.0
- tomography : \ prpeilin. sy 8
- XMCD |mag|ng % 08 : {holicw-cone) |
=
- phase contrast imaging £ Calculated
- | z "5 7T Rayleigh-ike #- Measured
e B modulation= )
= o 041 26.5%
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' ¢ E oz ¥
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§04/ ﬂ\ﬁj\/ half-perod {nm— 25 20 125 10
: JVSTB 21 (2003) 3108
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Gerd Schneider, Carolyn Larabel
ALS XM-1 2003

Highest spatial resolution monoiglcl)ntal antilio_dy / Au-Ag-labeling of Angle-scan ‘romogr'aphy
- ion limit achi cytoskeleton proteins
22 nm diffraction limit achieved yt p (Cf ATTWOOd)

test sample: 15 nm lines 4:1 spacing Larabell (UC Davis) ALS 1999




Scanning Transmission
X-ray Microscopy (STXM)

174° Entrance plan view
Slit
Qoln

5 3 Bend Toroidal

i Exit Slit
Magnet Mirror Puxr:holé detector
6.4
: |
« NSLS X1A (3) linear undulator spherical grating 1.O0m %
*ALS 11.0 EPU 300 I/mm zone plate
* ALS 5.3.2 Bend Magnet D =200um

Image sequences (OD format)

Spectra In(l/10)
{point, line, image}
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L dPolymer STXM User Interface - 18 May 2002
File Setup ‘Window Help
20526002 _hdr

Image Scan

300x300 pts

288.198 gV

‘control

1 ms Dwell

ALS (2), CLS; SLS

EHS

23 |counterd

Setas (o

j 150000
140000
130000
120000
110000
100000
¢ 43.470€ 2000
80000
70000
50000
50000
40000
30000
20000

Sample To Cursaor |

- Sample To Cursor
Coarse

Sample 2 Offset (um)

O View - Bear

hd 10000 I I I I
S ; =] =] 260 200 400 450 500 5 BE0
Sample ¥ [279.427 | SampleY |[260.794|ahs &1 | | Energy I 8] counterd I s}
Starting MEXAFS Point Scan ;I PMT Divider
Saving scan as d datal 2052864 205 26004.hdr
NEXAFS Point Scan complete. Shutter
Starting NEXAFS Point Scan = IAutD ,l
Saving scan as dy datay 205264 205 26005.hdr
NEHAFS Point Scan complete,
| -818.24 | | ! ! | 5 hd
0 20 40 =11 a0 100 120 LI L4
— Beamline Control c : Destinati — Current Scan status —Scan Controls ——————————————— |~ Microscope Status
Energy urrer Bstination MWEXAFS Point Scan Image 1 of - -ST,QRT ISa—_,mpIe Sran Mator | Updates On |
(eV) @| 5590.986 ‘I 559.986 | Go |J Estimated Time: 7hs Regi.on 1 of 1 Sample X @ z79.440 @
Elapsed Time: 1205 Line 300 of - FaLse | Sample ¥ @[ 4995.995 @
Sz Mext Scan #: & Point 379 of 379 = Sample Z @ 5.000 @
Coarse X @ z79.400 @
Entrance (pim) &80 'I &0 ElJ — Microscope Control Coarse Y @ 4995.950 @
B Bl ’—35¢ |—35 Ea |ﬂ Matar Current Destination / Jog Setup All OFF| Coarse Z @ 1z18.000 @
RS, |coarse z rle| 1z1s000@ | 1218000 Ggl 0| [stop| 5| Allon] | ||2onePlatez @] -2053.2 @
Exit MDisp(pm)@ 0@ | 20 Go |g Inoff | OSA X "] 0.000 @
fcoarsey ] @] asss9s0@ [ 49s9.950 Ga| B [Swop| S| oo | ||osay @ oomoe
MI Cetector X @ 0.0 @
— Shutter Controls CFocus | [ !mterferometer sample 054N | Zone Plate IN | Sampla N | DetectarY @ 0.000 @
[ automatic ~| | | [aue SetUD| st | Mover | osaoUT | Zone Plate OUT| Sample oUT| Detectarz @[ -700.070 @

* Jo File Loadet




Fresnel zone plates: diffractive focusing

A.G. Michette, Optical Systems for soft X-rays, Plenum Press, 1986

Width of zone Human hair
plate (~150 um) (=50 um) zero order radiation (80 - 95 %)

—
SEM image (Chao, SPTE 2001) - zones first order radiation (5 - 20 %)

‘;l.

Order Sorting Aperture (OSA)
/ first order focus

central

D I
=
=

stop "
f (focal length)
25 - 35 nm f= D‘SrN/K
Typical Values (for current ZP in stxm532) 0.9-1.2mmin C 1s region

A (photon wavelength) 1 to 6 nanometers (~1240/E)

D (ZP diameter) = 155 microns Spatial uti
ory (outer zone width) = 35 nanometers patia’ resoition
NUmber of zones ~ 1000 (diffraction limited)
Central stop diameter = 80 microns Ar = 1.22°8rN

OSA diameter = 55 microns




5.3.2 STXM Performance Af

» Diffraction limited spatial resolution (40 nm)
» 50 meV spectral resolution Tony Warwick

» 50 nm CHEMICAL resolution via interferometry Mike Kirschner
Keith Franck

Advanced Light Source

ALS BL 5.3.2 (Aug-01) ALS BL 7.0 (Dec-98)
Slits: on
E/XD/XND . &
150/25/25 um A
NC STATE UNIVERSITY
Mg \ ;| David Kilcoyne
N Harald Ade (NCSU)
| a
= 1000 nm McMaster
I -H:._ ﬁ %
Nov 2002 F Tolek Tyliszczak

ETPOPLILIT RN  Adam Hitchcock

Bt Peter Hitchcock

&
cﬂ’/g

) Dow 2

280 290 300 eV Living. _
energy Improved daily.

~
/\ )\
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BERKELEY LAB

location
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c)(!‘@ STXM-11: state-of-art performance

, /\ December 2003 - BREAKTHROUGH in ZP technology !

x
25 nm diffraction limited zone plates /\| A
Recent advances in CXRO zone plate fabrication has resulted in E LI r”

new STXM zone pates with significant improvements in ’\
BERKELEY LAB

> spatial resolution
- due to narrower outer most zones (25 nm instead of 35 nm)

> performance at high photon energy
- due to higher aspect ratio (7:1 instead of 3:1)

The performance of the interferometrically controlled STXM - in
particular its thermal and femporal stability, as well as precision o

to take advantage of the improved zone plate performance.

25 nm 1:1 lines as test object

15 nm

1503
100 ||

20% I B ‘
contrast STXM532 - can mount 25 nm ZPs

0O 20 40 60 80 - i i
Distance (nm) usually 35 nm ZPs (intensity)




_1...-;.7 53.2

10_ Ols
Ni 2p - reflectivity

of mirrors

106[

Tlwough 2
SN, windows

1050

1041 -
[ 5.3.2 horizontal dispersing SGM - FLUX curve
through zone plate (in S0 nm spot

: slits: Ent: 60 um; Exit: 35x35 um
103L Gl i P A AR A AR |
I200 I-'IOO I600 8100 1:)00 1200
Photon Energy (eV)

Detected photons per sec ~ Photon Flux

with 90/60/60 slits it is easy to get
> 108 ph/s in —60 nm spot on

sample at 390 eV

LALS STIXVIS: Energy range; filux

Undulator STXM 11.0.2

Bezmlime 11.0.2 PRater Fluw far B E=2000

"‘y\
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2 10E+12
i
£

e {30 i 1t ha rmioniic
e |20 PR 21 RATRORG
e 12000 ' Sith harmia mic:

e {50 V'rmam 15t harmonic:

10E+11 4

1.0E+10

1000
P hecton Enee rgy [e']

0

exit slits are typically 5-30 um
> 10° ph/s —40 nm spot on
sample at 390 eV




PECtrOmIcroscopy: at the CLS

Insertion device: Elliptically Polarized Undulator (EPU)
Monochromator: Plane Grating, no entrance slit (modified SX-700)
Energy range: 250 - 1900 eV

Resolving power: 5000

Flux: PEEM: 10! - 102 photon/s in 20 micron spot
STXM: 108 photon/s in 50 nm spot

- STXM: modified
ALS assistance: monochromator & mirror holders similar to BL 11.0.1 5.3.2 design

e - operated Apr02-Mar05
‘. 8 at SRC (Madison, WI)

- now at CLS
J’ohnsen Ulfravac / :

! (Canqda)

to run on SGM summer 2005 =

i tlL ..‘
see talk and poster by Kaznatcheev (MSC)



Optical density

Radiation damage in STXM: PMMA

288.6 eV, transmission
; stxm 5.3.2

*4 um line pairs; spaced at 1 um

** Exposed in linescan mode at 300 eV;
~2 MHz in detector

PMMA = polymethylmethacrylate

i
p

sum of horizontal lines

Exposure to
damage 1/e
~50 ms !!!

5710 15 20 30 40 60 80 100 120 150 200

milliseconds per pixel exposure

Damage control measures in STXM 5.3.2
a) Hardware
* 1 msec in-vacuum piezo shutter
* Closed between successive scan lines
» fast scanning: 0.2 - 1.0 msec/pixel dwell
b) Acquisition strategy
 Defocused beam (if suitable) — point, line, image modes
* Multi-region acquisition
* Short stacks / SVD




STXM Is optimal for quantitative
chemical analysis of soft matter

v High Spatial Resolution
Zone plate properties determine resolution. Typically ~30-40 nm

v High Spectral Resolution = high chemical resolution
All instruments achieve ~ natural line width (0.1 eV in C 15s)

v Quantitative compositional analysis
Beer’s Law response — Absorbance (OD) proportional to concentration in column / pixel

v Adaptable to many environments

Fully solvated systems — water window
Magnetic fields
Vacuum — surface analysis

v Significantly lower radiation damage than TEM-EELS . . .
Quantitative comparison indicates 102 — 103 advantage on basis of information / unit damage
PET - Rightor et al J. Phys. Chem. B 101 (1997) 1950 see poster by Wang (MSC)

...and TXM  (In STXM, the inefficient Zone Plate optic is BEFORE the sample)



Quantitative Chemical Mapping

From pixel-by-pixel fits to reference spectra
Implemented in aXis2000

Core shell particles: (with Stover)
1. Record image sequence (stack) | see Macromolecules 34 (2001) 4424

3. Generate component maps

OD(j,k) = Zi a;(J.k) » (reference);
with a, (j,k) = THICKNESS (nm) at (jk)

when reference spectra are absolute (nm?)

2. Generate reference spectra

0.030
epoXy

0.020 |-

ONEES 4. Generate RGB-composite

component “image”

i

0.010 -

Linear absorption coefficient (nm™)

EGDMA
0.000 L= ‘

285 290 295 300 305 eV




L Anglysis software for soft X-ray
SPECtromICroSCcof

Features of the «Xi=2000 widget

First-row pull- i
/ 0 0 0 | Y lineout at X-position of cursor | down ;nlciﬂm g abu.ff'PrJ
' menus L

|

AT Fikar | ImiBges | Eiacks | LineisaCmng | Epacia | Dicapley | l.mth

| ¢ M_ Second row, single command CupyButer | Y aor butr |

MU
|

Welmn o o ANI3 2.
Vermawt. 1% ol i p02)

0 A=2H it G- 2 ligid B=-2H
1R
% Ir 2 TRR @APE
= . 10 Data Buffer List
& X lineowt at P T —
- - Y—posi':;naof + Click to select
&8 (http:unicron.mcmaster.ca/aXis2000.html) o | cusor |+ Use utilitss-change
| : a:ﬁ label to charge label
A » Buffer 0 = modified
118) g 5. .
P— ] P s onn i 1] il
P 3 'ﬁa V|rml :_"R ol s R i) m;;:
v, uicn: Plofid e Fdmes [ Smbol FRee 4 | 100] I
aXis2000 is
Upgrade fo a development version of IDL and: 4" f f = Finegs, symbd ¢ £ scale har Garmna. for rnages X Y\‘I (T) Yndds for
* interactively explore your data in the IDL environmi ~ r‘ee o r‘ no n _ IIT_BgB & specira B
o develop cross-platform applications for distributions E. Cursors Main mage (display & condrol)
* fest custom data analysis algorithms T . Co m m e r\C l al use . Dlsplays cunerdly zelected rmage or selected spectrm for Troup of
Find out more at www.rsinc.com/IDL : (XY, Z) - at cursor spectra, if Spectra~Crvemplot used)
(X, dY.dZ) - change + Size of aXis2000 display can be adjusted (0.5 to 2.0) of & notuinal

et line (irnages) or

bt st xSt size (360360 prxels m Mlain Image) by size parareter n axs.im

Mouse (if Z-lines is selected)

. [zpectra) - ; ; ] .
5.3.2 STXM can be viewed and even run Wbty | ik s o docuner e (g
remotely (with training & permission) over the net Th e

(‘Fedex’ synchrotron microscopy)

18






e N
SISO aXis2000

oI andiclick” analysis
rel aVe analyst of programming
Shiare toels commonly used in image and

— S@pectral analysis
= & provide tools specific for




T IDL6.1

| o | S | P | s | | | s | g | e |

ALS-STXM

c File Edit Search Run Froject Macros ‘Window Help

IDL> a=read_bnl()

% Compiled module: READ_BNL.
% Loaded DLM: NCDF.

% Compiled module: INIT_SD.
% Compiled module: AX_NAME.
read NSLS image from file: E:\axis-dev\test-data\22FEB012.NC
250 x 250 pts. 0.0598 x 0.0597 um pixels.
E= 288.998 eV. Dwell= 6.00 ms.

IDL> splot2d(a)
splot2d(a)

% Syntax error.
IDL> splot2d,a

~ IDL> color
I % Attempt to call undefined procedure/function:

= % Execution halted at: $SMAIN$
IDL> loadct,0
% LOADCT: Loading table B-W LINEAR

'‘COLOR".

IDL> splot2d,a

IDL> print, median(a.d)
457.000

IDL> b=a

IDL> b.d = -alog(a.d/600)

IDL> splot2d, b

0L
IDL>
DL
DL

=R = RN - = N P = || 2= | @ @@ Specua b

| Emages * MU =
ALS-STXM-7.0 T
ALS-SPEM TP
ALS-PEEM T Fims
ALSXM1 (] =
——
ALS-STXM-7.0.inescan —
Elmitec > —

Lox-PEEM
NSLS *| oldi (Fiainc

Mephista stamlt/

TOF »

Stacks || Li
L

bwerage pisels  »
Calibrate " 3
Clip signal
Convert.'to-OD
Cross-link density
Deglitch

00 THROT 1100 31— War=200s

LR ksw s ebiiaiyigosil T 21l T2 (Teltlve, [ O Tave el (D ffcarse )

Ready

| [



ExampleanalyzingrALS STXM data

A common process of acquiring chemical analysis data with STXM might be
a) image to find area of interest

b) record point spectra &/or linescans to check chemical identity of regions
c) check for damage

d) record image sequence (STACK)

e) check for damage

STXNMN 5.3.2 User Manual

File: stzm532-manual doc

:‘“ Last update: 03-Apr -03 (aph)
e History:
? DeSCI’Iptlon Version la: 05-zep-02 written by Tohoa Arald (no pictures)
—— = Version 1h: 12-0ct-02 update by gph, comments by [K
A pOIyurethi Version 1o: 03-Apr-03 update by aph 0.05 mg/ml
solution of fihrinnnen \Wae 1iced C. 1< STXM ta man fbu‘?mﬁ'ﬂ%'ﬂﬁ?ﬂo?cp and the
Components DATE: JULY 16, 2001
references: STXM 5.3.2 Interface - User Ergonomics
[1] A.P. Hitchcc leen, F. Hayes, W.
Lidy, R.D. P This report describes in detail the various windows and controls that make S in polyurethanes

studied b)/.f up the user interface to the 5.3 ST,
[2] A.P. Hitchcock, . mornin, y.vi. Heny, K.vi. COIMenus ana J.L. srasn, /owaras practical soft X-ray
spectromicroscopy of biomaterials, J. Biomaterials Science, Polymer Ed. 13 (2002) 919-938
27



AYNEOCALING region of interest

11103084 out of focus

b

11103085 285.1 eV

convert
to OD

11103088 285.1 eV

replace

| lines

=)

Area selected for stack measurement
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285 290 295
Photon Energy (eV)

LEBYIVIlr*PeInt spectra

ODL1 - linear absorption (nm-1)
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il

3ac 320

15 msec / point
at end of fill

matrix

Linescan fit analysis

L e e B s e e e e e B B

total

M

ol ineS‘E:ém Spectra (& damage check)

Line
Edge of section thicker

After
linescan

NB models from
pure 355 stack
no meaning to
vertical scale




DININEGERSEGUENCE! (& damage check)

OF RL RL 111030888 1B:0ES1 21—Mar—2005 Area Se I ected fQE_ Stac&;mrﬂ.Su re me nt F

the bright area to the left is known to be a protein
deposit so we wanted to be able to get a clear Fg
spectral signature to check the analysis in the more
dilute regions

DAMAGE CHECK
Image larger than region of stack at damage
sensitive energy (289 eV o*_ 4 of ether)

little sign of damage (usually polyether matrix bleaches due
to mass loss)




#ll Read Self Defining Format files

Path Ie:\axis-documents\tutorials\

File: |111E|309E|

Browse | Parameters |
Type INEXAFS Image Scan Map | 1 image | Caticel | QK. | t—
Data Channel ICDunterD 'l Region [{NEaE ~ | Image # |282.UU 'l

lo

in stack_analyze
1) I: all
2) save lo spectrum

il Read Self Defining Format files

Path Ie:\axis-documents\tutorials\

File |1 1103090

Browse | Parameters |
Type INEX-’!FS Image Scan Map | 1 image | Cancel | QK. |
Data Channel ICDUHIEI'D 'l Region ~ | Image # |282.DD 'I

—
-
a
- =
— = -
—

In stack_analyze
1) define lo as file from region 2
2) convert to OD
3) type file name
4) save converted stack

4| Stack Analyze

Dizplay min, max: IE2.EIEI

|1453.un

Gamma: ID.EEI Calars | Rescale |

R min, max [0.00 [15.90
Y: min, max |00 |7.50
E: min. max  [282.00 |292.20
I min, max [0.00 [0.00

u y-zcale

Zoom | Reset |

E.l-zcale

Reset |

11103030_a0000.xim 252.00 2.00
11103090_a001 D.xim 282,50 2.00
11103090_a00200xim 233.00 2.00
11103090_a00300xm 28350 2.00
11103090_a0040.im 284.00 2.00
11103090_a0050.2im 28450 2.00

Movie ¢ Play * Stop

= Pause/Step

I all | Add reginnl pi:-:ell

Feset |

10: file | AN reginnl pi:-:eII

=1I1|ﬂﬂ EMOvE ZEM0F |

Fezet | change energies |

=00 [

TEY-off | median smoath | E_cal I

perfage I avg stack I TEMOvE image I gain I

Subtract: cnnstantl spectruml imagel $tack|

Path : IE:\a:-:is-l:Il:ncuments\tutolials\results\

MNameZ_355Fg-10

! | Image ".nc" |

l Spectum "txt'"Y Region g

age". Mu:uvie"m.gk' I Stack ".nch" I
N\

mssm 1 Micro
282.00 ey

=nsity

Cpticol

3 micro
282.00 eV




s |

~
(@
| Stacks

815 binary

Add
bir

Zstack
sub menu

1| ZSTACK Spectia

&l ZS TACK Buildlist

BWING| SpPecta of regions:

| Directory: |E anis-documentshiutorials esultsh

e
e

[ —

Display Previous Image

Display Mext Image

Play movie

Display Parameters

Set as first | Setaslast |

Filename [=.sl):

Save list
Fead list
Browse "l

A fist > st o 51 | Delete omlist | Riess' ist | Listis complete [ Number o Tles =3

S elect Regions far Spectia
{use Fiegion of Interest dislog window]

A4dd 10 region Add| region
Feseil Flesat last|
FiEse: Bt Resat al|
10 filename :

Select type of data fie -

Fieiive (HHE |

Browss for 0 fls |

1.000

10 soale factar

Unshifted Image

Base fiename: |

Selest bpe of spechia 2

IT 1103090_a0080 xim 28520 2.00: 28520 E\Ij

Display Previous Image

[Select type of data fil

Display Next Image

11103090_a0010.xim 282 50 2.00: 282 50 &V,
11103090_a0020 xim 283.00 2.00: 283 00 &Y,
11103030_a0030.xim 26350 2.00: 25350 eV,
11103090_a0040.xim 284.00 2.00: 254.00 &V,
11103090_a0050.4im 284.50 2.00: 284.50 &V,
11103090_a0060.xim 284 80 2.00: 284 80 &V,
11103090_a0070.xim 28500 2.00: 28500 &Y,
11103090_a0080.xim 285.20 2.00: 285.20 eV,
11103090_a0030.xim 285,40 2.00: 285 40 eV,
11103030_a0100.xim 26560 2.00: 26560 &,
11103090_a0110.xim 28580 2.00: 28580 &V,
11103090_al1 20.xim 266.00 2.00: 286.00 eV,
11103090_a0130.0im 286.20 2.00: 286.20 eV,
11103090_a0140.xim 286,40 2.00: 286,40 eV,
11103030_a0150.xim 286,60 2.00: 266,60 &,
11103090_alB0.xim 286 80 2.00: 286 80 &V,
11103030_al 70.xim 287.00 2.00: 257.00 e,
11103090_a0180.0im 287,20 2.00: 287.20 eV,
11103090_a0190.xim 287,40 2.00: 287 40 eV,
11103090_a0200.xim 287 60 2.00: 287 60 &V,
11103090_a0210.xim 287 80 2.00: 287 80 &V,
11103030_a0220.xim 268.00 2.00: 258.00 eV,

CopoooEpoPpooDooRDEERRE oD

11I1mnnn ANZ30 xim 288 20 2 N0 288 rn e 1T
Ll 3

Picdererce image for algrment :
% Each Pracedig lnaps
" Each Faolowing Image
 Coritard luage

Edge enhancement belore kgrment:
© Sebal © Robams & None

Cro-contelatam detmimrustan .
& Comelation masimum  Conter of mass

Einary Filename [*nch) : | 355Fa0D.neh

Read * nch Browze * nch

Mg image thil pbeck (0]
Imoge shit hvoshokd ek} [007
Edgeguutt oot [7
o | Aligrenert Shilt Flename [* aln]
Z | R T |
Shut sutc-shorinent
Sk sbrment T

JEl
I

[Selest number of data fies

Play movie

HorEeiin |

Display Parameters

ROI filename:

Plat Parameters

Save Rl as

Figtieye Sraf

Brovese for * 1o

Single. Beom Intensity

o0 L L

282 280 258

Extract Intensity Profiles

) 290

Save Images Menu

ExitZ5

TACK




[17:ep170: 281.21 & 4.00 meec: 281.20 &V, 0. 7]
Dizplay Previouz Image &l ZSTACK Plot Parameters

Dizplay et Image

Image zoom factor: 200

b ovie delay [zec per frame] : I n1on

Spectum Offzet: 0.0

Play movie

Displag Parameters | Flot Parameters

Bl 2S5 TACK. Display Parameters

Image zoom factar; Dizplay images as: Display specira as

~ - ™ Single beam
Maovie delay [zec per frame) ; 0100 & Driginal data

= Zianemitance

L

_ " Images / current image
Clozeup image zoom fackor : 4.0 @ Absorbance
= og [magesdcurent image]
Prafile image zoom Factar ; 1.0 :
' Images - curment image
~ p Flot Scaling :
Digplay image intenzity uszing ; mages SpECinLI I_
0 fheolite € Percentage 1 og(inages 0 spestmm] [Shsortence] g < -.-’-'-.utcuscale
~ | Display minirum : I 0.0 58 eges - spesti i ; 282.000
= £ Eurrent stack -refererice stack .
- .
-:_-__'; Diizplay maximunm ; I 100.0 b asirniim 294,000
—
. F . : W
s Dizplay Gamma ; 1.00 BeE e e "ﬁelect = Y Range : ¥ autozcale

. . L I M irirnunm ; I .00
Scale image intengity wzing ;

& |ntensity range of each image Scale factar | 1.1 Mairruim - I 3.000
" Intensity range of entire image stack EEfErence Mmage: "Select VI

Load Mew Colar Table |

Szale mages wWithaut i regmmn | I

[reeert Caolor T able |

Scale fackar ;| 1.0

Load Mew Calar Table | Select Plat Calors |

Eeference shack ; |

|Feeert Colar T able | I

Select Blof Colans |

Scale fackar ;| 1.0




lissStecieschemicalimaps

CONCEPT:
* a stack is a set of 10%-10° spectra (one at
each pixel)
* we FIT the spectrum at each pixel to
reference spectra of known constituents
* the fit coefficients at each pixel form a
COMPONENT MAP
* if the reference spectra are on an absolute
intensity scale (OD1 = response of 1 nm of
pure material) then the grey scale of each
map is a quantitative measure of the
~ thickness distribution of that component
. * we can display the spatial correlation of the
| components using an RGB color
COMPOSITE MAP

matrix

matrix

not rescaled (absolute nm) 298 e —— rescaled (RELATIVE)

126 298 114 126 283 114



Val UEERe stack anaIyS|s S
e

0.08

Is the clipping
reasonable ?

constant (ideally should be small, +/-)

Generally an acceptable result.
PIPA map is probably wrong w.r.t quantity.

The fit is using “-ve PIPA” signal to accommodate absorption saturation
distortions of spectra (region selected in too thick by ~ x2)




ValliawRepuie result - Where Is the Fg, 2

" SAN pipa Fg e
select right 2/3 to get

- away from ‘splat’

| protein deposit

| =
- use image—~generate mask to identify pixels of high Fg content

- extract spectrum
- fit that extracted spectrum to reference spectra

— SAN >200 D~
= pipa > 45

Fg >50, <65

no m*._, suggests
ipa damaged
PIp e g




LIRS

=
=
=

=
=)

7L

OD1 - linear absorption (nm-1)

id

Cu0c

[iSFiorEXtracted spectra

fit

ik 52,4000
zah 34.1104
0727349

Reference spectra

pipa

v

residual

ik 32.9326
£n B3.5173

e

const 0259530

ks 44 9045
2an ¥1.5004
pipa -13.7981

congt 0.71703:

SAN >200; pipa > 45; Fg =50, Fg <65

255 2810




Compansen CIReEmMELhods of deriving chemical maps in aX|52000

lline thin film of coronene (courtesy Ray Egerton, U. Alberta)
ion) recorded Jul-03 at ALS STXM532

ectrum (linear dichroism) — ---.-_,"'"
In-plane and out-of-plane spectra used as reference spectra
pi-oriented sigma oriented a residual (avg over all E)
1.84 2.29 0.021
o~ 5 %
"’ :
o |
i
v » +0.11" T
s —— 500 nm
g
g Model spectra
' (derived from stack)
t Cor-pi-clean.txt
Cor-sig-clean.txt
- ‘fﬂ"'
4
=

no rescale overplot residuals rescaled 34



;QUESTIONS ?




Some challenges of quantitative mapplng

1. Quality of data (spectra, linescan, image sequence)

Issue

Recommendation

radiation damage

use as small a dose as possible

linear E-scale

check with known spectra

2. Suitability & quality of reference spectra

Situation

Recommendation

chemistry unknown

MSA and cluster analysis
Lerotic & Jacobsen, J. El. Spec. 2005, 144, 1137

chemistry unknown

internal models by trial and error

Alignment Shift (nm)

oooooo
e

Photon Energy (eV)

Sigervalues 1 1:lsmen we Ust— T duy

uuuuu

E (=)



/?m BINCIPal CoITIPORERLS 1GELIAI]
CH)SPECHESIIgCIUSIERANANSIS _—

are abstract. They are mixtures
spectra of the compounds present.

__:ovides an orthogonalized representation of the data
A less noise, fewer coordinates. Working with only

n|f|cant components is an effective noise filter.

i
. ._--:—""Jl--__-—--
— - -

-il-ll--
—

~ = We can find groupings of the data in the principal

component coordinate system which relate to individual
chemical components

e How ? == Cluster analysis or pattern matching



- Clysrar el
=C)/a)ar) QIstaice I eaniNigacl g oIS

fe in multidimensional principle PC-2

3

‘data are arranged in clusters in a

sdown cluster centers at random positions.




W\Glyster analysss:
=Uclialan: aistance /earn//jg

e T

le[)Llifll]) 2

e Data are
2 dimension

- |deally da

—= Calculate distances from one cluster
center to all data points.

— Pick shortest distance.




Cluzrar gl
LlelfelElENe S EleER 2 el ot
= PC-2

e Data are
2 dimensions

- Ideally dat

this spaces

— Move cluster center partway to that
nearest point.




Clysiar el
Yel/aar aIstances/ealiliigac/geIiiii/ams

: PC-2
e Data are g _
2 dimensions -

- Ideally dat

this spaces

 Put down
POSILIONS

= lterate:

. S

. —
—— — —
= --

i - -




SUNY Stany Broo Wiy deratiterstiiciual /ncorpw_

e 7. Schéfer, INE Karlsruhe

e Lu as homologue for Am, Cm

e 5% Lu In Haematite: transformation in solution, rinsed, dried

e Cluster analysis of O 1s stack == | u incorporation in Haematite.

:--' F h
= 2 microns = 2 microns

Cluster O: ] [ Cluster 1:
Weak absorption | Weak peak at 530 eV

r(less haematite)

'_J/\./V-\_ [Cluster 2:

[Strong peak at 530 eV

=

525 530 535 540 545 550 525 530 535 540 545 550 525 530 535 540 545 550
Photon energy Photon energy Photon energy




Clugrar 7 s daeidiliereseedy iz

iEyACIREUE(Stand-in for An)s
m JFOOF on In hematite
._ngLJr aNSpEL): I
Crieiier g Karlsruhe

OVAOEN ar edge spectras
melEsilERebitEl availability,
ocg [ganey: Acguire —150
Ir gg. EC1OSS edge.

(Pure hematite) [ClUSter2]

- - Lu in hematite

55:"' Glustér analysis: reveals
= Spectroscopic themes even
“With-a-complex, unknown

specimen.

Lu in hematite Clusie

(Pure hematite) “'Us1e

M. Lerotic et al., Ultramicroscopy 100 (2004) 35




ris Jacobser AVIGIENTICLIICIITIPIOVES CIASSIHCALOIIN

SUNY Stony Broo
J -

san clustering confuses .

thickness information " T SR} W31 ! CLUSTER 3

- - _— e i Py
se angle distance a4 3
L L ¥

ensitive to thickness)

* Specimen: a sporein a uranium-
reducing bacterium (J. Gillow, A.J.
e metric clustering to

-

ative spectra

[ um M um
CLUSTER 4 CLUSTER 5

£

i I “4 Hﬁt

Cluster spectra

o
o

0.0 = b s
278 280 282 284 286 288 200 292
Photon energy (eV) :>

[ um | um

Details: M. Lerotic and C. Jacobsen, J .Electron Spectrosc.144 (2005) 1137




gom | Filter

CAtlEsseliaxis2000 widget (1)»

I AX1S 2000 ver 21-Mar-05 -aph

|mages | Stacks

Linescans

Spectra | Display | Utilities

File Edit “iew Image Help

E it | Lt | Almaget iewer Hel

Exit and save ini file (return to same
Quit without saving ini file

XimageViewer viewer of ALS_ST
Help - pdf manual (with hyperlinks)

Eu.|§|

-2 AFM

|:| peem-sic

2] ref_spectra
1] results

[ results-industry
1 sample_info
[ software-OP

441 images

T

11103081 _a.xim 11103082 _a xim 11103083 _a.xim

11103086 _a.xim

11103087 _a.xim 11103085 _a.xim

hd L

aXis 2000

Analysis of X-ray microscopy mages and Jpectra
VERSION 2.1k (12-May-02)

AXISHHN - Analysis of Xormy microscopy
Images amd Spectra - is an [DL widget for
viewing, comparing ard processing Xemmy
microsoopy mages mnd spectra. [DL stands for
Interactive Dnia Language, a product of Research
Swslems Ino (RS0 11 is hased on scripts developed
vy & large number of people at the MELE amd ALS
Meray microscogry facilities, by Carl Zimhba

i Photoms Unlimibed) and by Adam & Potor
Hikcheock. [t opamles on Windos WL Linix
2300 and Macimosh {8UAC) versons of [HL. Thas
version was mostly writlen on a WiskowsS8
sysiem bat it has been extensively adapled 10
mmprove cross-syshens performance, especially or
Macintosh OF, Carrently it rums fully with 10 5.2
ard should operaie properly with later versions  IF
vou run [DL 4, vou nesd AXIS version 162 or carlier.

1 wonld appreciaie it if you would notify me by email {aphimomaster.ca) about problems with the
code ar with sapgestions for improvements. I vou make extensions or comections, | woukd
appreciate recaiving a copy of your code revisions b incorporale in falure versions.

T vivank ail the people wive lave written scripts shar wenr into shis, Covd Zimba Fhotons Dslisvined)
wia seppiied Z8TACK ana bas exiersively impraved the pack, seerall; my son, Peter wha felped
sai wp the hamic widger sirwciure; Bl Rotenberg, .I'-’.-Ih.‘-'.l'l:i.'.‘ Dentinger, Stefane Carerari, Tolek

iy atfeers. SPECIAL thamks do Chris Joowbren (Stomy Brook, asls] for sharieg ks
':-f"-m.ﬁ.'{ Rick Kneeller, for providing tiae basis for the stack-0it romtine, and Billy Low
(UCERY for providing S, tie Hembe mars absorpiion routine

HEW FEATURES in version 2.1j { 10-mmy-02} sinoa 2.1j {28-Fab-02} nra HIGHLIGHTED

TOSTART aVm2id:  affer tastailing akTe 6V {(see omd of this fle)

"W indows and Mac OF:

Start IDL

1F you bave =at the Prgforenges (m DL so thal nxi=2000_batch.pro is the start file,
aXisD000 will lounch autcenatically.

Otherwise. type axis20000 dialey oo the [0 command line.

1F you guit aXis2000 and stay in 1. vou can restart A by typing axis2000

T SR d

e el 45



1)

Headl Writel Zoom | Filter | Imagesl Stacksl Linescans | Spectra | Dizplay | Lltilities |
ﬂl Guit Ximage\fiewerl Help |

Thumbnails
oClick to select a buffer

00 0D 0D 23feb0130 —0.11-1.5 1101454 21—Mar—2005

aXis2000
Messages,
Hints and log

wieloonfg to &S,
Version Q00 ver 21-kar-05 -aph

-

ececcccscoccccdioccccccclli

. " e
Y lineout at X-position of cursor
.:'__ . . . .
................................. Color-bar
for Images

I]

0 R=pbo CN§.25-0.93 G=tcarbbnlCl -{

melg ¥ (um)

Concept
9 ‘permanent’ data

1 22feb013

00

2 0D 0D 0D 28eb013C1-0.11-1.5

3 81223w¢h3 DD0%] szignal from bUffe rS

E [~ 4 pboCI0.25099
E [© 5 tcarbbriCl -0.072-0.28
E : 7 B weaCl038-0.95 any Process that
- r 7 s modifies data places
:2355_?':“”|”‘:°“d the result in buffer 0

F S DRE.RET o dusll = E!Oﬂ mn LI_I (the ‘Worki ng’
® 7E3I 127 ff
Y ot Data Buffer List bu er)
) 4.5590 e Click to select
: Buffer O .

% Déﬂgg%d e Use slider to view if you want to SAVE

: long labels hat result you must

\Q\ — Copy itto a
V| Zlines [ Symbolz v Bar LI J _" £ Gamma for Images | i(r}]ag;e(szc?i !g:;frfaor pe rmanent buffer

(display & control)

Lineout & symbol options X lineout at Y-position of cursor

46



I—l
Qb
120
Gt
(— ]

Main Image

& AXIS 2000 ver 21-Mar-05 -aph

Headl Writel Zoom | Filter | Imagesl Stacksl Lined

-._ il Guit Ximage\fiewerl Help |

E56TaXis2000 widget (2)w

e Displays currently selected image or selected spectrum
(or groups of either 4 or 9 buffers, if Display~Thumbnails used)
e Size of AXIS can be adjusted from 0.5 to 2.0 of its nominal

Mouse
oFirst click - cursor and lineout; arms line generator
eSecond click - draws and documents line (image) ;

- reports difference in cursors (spectra)
eThird click - clears line and cursor information

—— =

Cursors o0 02 04 DE 02 1.0 12 1.
(X.Y,Z) - at cursor T 121
pixel indices

1.2012
(dX,dY,dZ) - change
over line (images) or
between cursors
(spectra)
dR - distance along
line (images only)

I =

4 EB30

26290

5.3583
0.075734

Fi%s 5%

7. 3e005

H ] —

1449

0.000

1449

0.000

size (360x360 pixels in Main Image) by size parameter in axis.ini

wieloome to &S, -
Version 2000 ver 21-kar-05 -aph

0 R=pbo CI0.25-0.93 G=tcarbbnlCl -{
1 22feb013

2 0D 0D 0D 22feb013C1-0.11-1.5

00

3 81223w¢h3 0D [30%] szignal from
4 pbao C10.25-0.99

5 tearbbniCl -0.072-0.24

E wrea C10.28-0.95

7 3dtif

8 355c-mtx mach

LI 1T T I I |

9 ascii_1col_head

=



Pull- down menus (1 of e)

Images 3

Spectra F"athIe:"sa:-:is-dev"-.test-data'xst:-:m532-sta-:k-2reg'x reads a” types Of ALS STXM fIIeS
N = (images, spectra, stacks, motors, DAQ ...)
Type INEKL‘-.FS Image Scan b ap | 1 image | Cancel | 0k, |
D ata Chanrel Iu:u:uunter[l TI Fiegion IHegiDM vI Image # Im vI

Images= . .
e reads image data of many other types of X-ray microscopes
itg:g;ﬁﬂ?-” Axis - internal format
ALS HM1 SRC - PEEM (Sphinx, Mephisto)
.E.:_S.':-STKM-?.D.Iinescan ’ CLS’ SLS, SRC - E|m|tec
iy CLS - TOF (time-of-flight)
NSLS g and standard image types
o \ (BMP, PNG, GIF, TIF)
OTHER 3
| reads many other types of spectral data
ﬂ? - Axis - internal format
ALG-STHM-7.0 ALS - PEEM, SPEM
itgﬁ:gm * SRC - PEEM (Sphinx, Mephisto)
ity CLS - Lox (a(_:q. program for Elmitec)
NSLS b CLS - TOF (time-of-flight)
SPHIM=-FEERM » NSLS - STXM
HAS




Pull- down Menus (2 of 6)

| Re S wite g Filter | Images | Stacks | Linescans | Spectra | Display | Utiliies
m! writes various types of data files
SrIqFG : AXxis - internal format (spectra = ascii; images = binary)
TIF . GIF, PNC, TIF - standard image formats
ALS-image ALS-image - old (77.0.1) format
:gts[ﬁ'f;agﬁimf:;] NSLS-image - old and current formats for X1a STXM
WA spactum SDF - self defining format used for ALS STXM

XAS spectrum - fully documentable spectral file (for reference standards)

tacks | Linescans

L5

o
—— e
Spectra » Curzar - cut

expanded views of currently displayed buffer

MHurmerical - cut

Numerical option allows precision extraction of identical

Image > Curzar regions of images or spectra

Marmal

Clut = 2
Murnerical




I-down menus (3 of 6)

SO0 H Filterl Images | Stacks | Linescanz | Spec
Smoath 4 different smoothing routines with adjustable parameters
edian (apply to both images and spectra)
Lee Filker G
Corvval

box used to identify signals in 2d FT to be

Clean [FT image filter] — removed. Systematic noise is generally sharp lines)

Images | Stacks |

|

hiztogranm e e e
d bdd 3 Inf<]
many prOC_e ures byerage pixels b log1 0] w0
useful to manipulate = cajibatesxy  » | Generemask
. .. Modify orne point
|mageS Clip signal M ultiply buffers
L iz (02 Farticle analyze -
Y
see manual (accessed by = Lross-link density Pinels arly
Help command in aXis2000) = Ueditch Profiles y
for details Delete region Fatia to n
Digtart ¥ zcale Remaove zeros
expl] Replace line
Fist rollowver 3 Resize
G ain b RGE composite =
Rotate
Set =y scale i n p
W arp ”




Pull- down Menus (4 of 6)

‘white | Zoom | Filter | Imaoges | Stacks ‘E Linescans
; : Analyze 3
manipulation of i
Image sequences b .

(“STAC KS”) correert format 3

Lenerate_stack
see Help file in Image alignment 3
aXis2000 for details maps 3
Frinciple components
Stack_movie

Linescans | Specha

A
> Add ines b
§ procedures useful to aligr b
“é’ manipulate linescan line._fit
= spectra locate line
o - _ niarmalize ta la
% see Help file in aXis2000 i i Y
oc_> m for details narmalze o ine

> subtract reference

Energy (eV)



Winke | Zoom Filker

ene  LSIOTIT06] (0.3 W) AP LSI0TITOS4 (0.1 &) OB 15030
: L B e e e e e

Images |

—Mar—2005
T

DDDDD A 1
. . Abzolute value Integrate
manipulation of A )
spectra Calibrate » logl0fY)
Curve fit 2 Linear Background
see Help file in Delete t odify one point
aXis2000 for details Differentiate b Liltiply
Gain * Fealk area
E_ta_'Wavelength Fatio_to
exp(r] Reverse values
Split
Truncate

Display | Utilties |
|

Prirt 3
Utilities miscellaneous Change labsl
Loghook procedures Change mesh

Calculate #-ray parameters [SF)

- ] Execute macro
see Help file in aXis2000 eh eEra

for details (modify rigid e
colors does not yet work) Print Sysh/ar

Write image azcii b

Change label Annotated

52



Pull-down menus (6 of 6)

Dlspla_lrll Litilikie
Ower Plot »
Clear »
2d plot

kodify image caolors
todify rigid colors
Scale bar position

Show color zcheme
Thurmbnailz

?gjs

Cwer Plot

Clear

3d plat

todify image colors
b ity rigid colors
Scale bar pozition
Show color scheme

Thumbnails

this command menu is used EXTENSIVELY,
particularly OverPlot and Thumbnails
Mo Rescale r asl

Mo Rezcale

Rescale
Wfindow
Shift

Rezcale




pisclission of possible applications

of STXM or X-PEEM




