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Outline

o aXis2000
» Installation and Introduction
» Images

» Spectra
» Linescans

» Stacks: alignment, spectra, mapping, fitting, etc.
» Cryo-STXM

“* PyPIE: STXM-Ptychography
 PCA GUI and Mantis
** ImageJ Plugins - ScatterJ
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STXM and Ptychography Data Analysis Software

e aXis2000, Interactive Data Language (IDL) Virtual Machine,
http://unicorn.mcmaster.ca/axis2000.html.

e Other IDL based: stack analyze.sav, pca_gui.sav

e Python based: Mantis 2.3.02

e Ptychography: PyPIE, Sharpcamera, PtycholLib, etc.

e Other imaging processing. ImageJ and plugins, MATLAB, etc.
e Other spectroscopy processing: Athena, Fityk 0.9.8



http://unicorn.mcmaster.ca/aXis2000.html

axXis2000 — Analysis of X-ray Images and Spectra

@ aXis2000 source x 4+ - X
< C A Notsecure | unicornmcmaster.ca/aXis2000.html * Q@ Gi“ ® 0O » o H
2 Apps  [#)] Elektronika Jadrowa... Future Cameras —..  [§] Calendars LmA:Library for ..~ & Gmail @ YouTube @ Maps [[ll Top 10 Wifi Boosters () CHEMICAL COMM...

Hitchcock G

aXis 2000 - Analysis of X-ray Images and Spectra.
last updated:. 03 Nov 2020

Welcome to the home page of aXis2000.

_ 7y e NSRRC
The latest version of this IDL widget is 03 Nov2020 ST pLs
. B, Photon
; 4 R L Factory
Download aXis2000 .
Instructions to get, install & run _' 1 ) Soleil
IDL Virtual Machine versions of aXis2000 E ' © SSRL.

UVSOR

Changes from previous version (11 Oct 2019)

If you want the help file of the package: (pdf) as\is 2000
If you want details of the code: (html)

Instructions to INSTALL or upgrade from old versions of aXis2000

Windows

OLD VERSIONS (in case things you use stop working after updating !)
Some tutorials are available to guide users through specific procedures:

simple-tutorial advanced-tutorial stack_fit

Software | find very helpful to use in combination with aXis2000 on Windows
for Win7 or Win8 you will need to set properties to 32-bit (MWsnap) or 16-bit (PaintShop4) to run

MWsnap PaintShop4

This package was developed and is maintained by Adam Hitchcock (1997..).
It contains code contributions from many people including:
(Chris Jarnhsen Patar Hitrhrark Carl Zimha  Rillv | nn Fli Rntanharn .Innathan Nenlinnar  Rirk Kneerdlar .larnh Stewart-Oirnstain (Saran .lnhanssnn hravin Kanrinarnv  Flarian Meirar  Distar
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1IS2000 — Analysis of X-ray Images and Spectra

@ aXis2000 download (Windows I X = - X
&« C A Notsecure | unicorn.memaster.ca/axis/aXis2000-download.html Q %« Q@ @i" ® 0O * o H
3 Apps  [&f] Elektronika Jadrowa... Future Cameras —..  [§] Calendars LimA:Library forl.. & Gmail @ YouTube @ Maps [ Top 10 Wifi Boosters ) CHEMICAL COMM...

Hitchcock Group
aXis2000

aXis 2000 - Analysis of X-ray Images and Spectra.

last updated: 03 Nov 2020

aXis2000 e 4 \SRRC

The latest version is 03 Nov 2020 Alba PLS

Bessy | ' Photon

Note this code works on Windows, Unix or Mac_QOSX operating systems. There are known issues with the Mac version that | am in the process of correcting. Please send me an email with test Il Factory

: SLS
data that demonstrates bugs so | can fix them a 1 .
g Diamond Soleil

Download aXis2000 Elates SSRL

roTindows please make o oder ¢ axe2000 ans ey e | \Nindows installation location: ¢:\aXis2000 s

Mala:
Hamil
Canat
Ve 1

or Mac_OS$: please place all files & folders in the zip file in Users\a)(@ al\is 2000

Mac installation location: Users\aXis2000

If you are using IDL Virtual Machine here are some | nstructions to get & install
IDL Virtual Machine version (same code)

Changes from previous version (11 Oct 2019)

If you want the help file of the package: (pdf)
If you want details of the code: (html)

Do NOT use folder names with blanks for the source code or your data !!! aXis2000.sav is the IDL executable file.

Instructiops io.th - o seisans. 0 2 X152000

Windows Please make a folder c'aXis2000 and expand all files in th
sawnloadsd aXis2000-pre-IDL8 3 zip file into ¢\aXis2000 usipg
folder NaMEs T ek boiiplel

P VERSIONS (in case things you use stop working after updaéega 1)

Some tutorials are available to guide users through specific procedugks] O I d Ve rS | O nS an d o n I | ne tutorlals

Sepletutorial advanced-tutorial stack_fit

| find the following 2 programs very helpful to use in combination with aXis2000 on Windows.

de rayonnement
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aXis 2000

Analysis of X-ray microscopy Images and Spectra
(30 June 2014)

aXis2000 - Analysis of X-ray microscopy Images and
Spectra - 13 an [DL widget for viewing, comparing and
processing X-ray microscopy images and spectra. [IDL. YK
stands for Interactive Data Lansuage, a scientific APS
computing platform developed by Research Systems AS
Inc (RSI), cumrently part of Exelis Visual Information
Sohtions (http:/wanw exelisvis.com/’). aXis2000
contains scripts developed by Chuis Jacobsen, Carl CLS
Zimba, Adam Hitchcock and others. The widget Diamond
platform was written by Adam & Peter Hitcheock Itis SN
maintained and occasionally updated by Adam E SR-F
Hitcheock. It can be obtamed from :
unicorn memaster.ca/a®1s2000. It operates on i
Windows (WIN). Unix (X) and Macintosh (MAC) @ 5{:1 2000
versions of [DL, although there are problems at
present with operating it on a Mac, 1f you nse IDL 7.0 and later versions.

Since May-04 a compiled version (aXis2000.sav) for vse with IDL Virtual Machine has been

Bessy

available. This allows access to the power of aXi1s2000 without needing to purchase an IDL license.

Please note that there are often features of aXi122000 that work with the licensed version, but not
with the VM version, and that the specific details of these problems depend on the version of both
IDL and aX1s2000.

I would appreciate 1t 1f vou would notify me by email (aph'@'memaster.ca) about problems with the
code or if you wish to make suggestions for improvements. If you make extensions or comrections, [
would appreciate receiving a copy of your code revisions with sample data. so I can evaluate and
mcorporate in fitture versions.

I thank all the people who have written scripts that went info this. Carl Zimba (Photons Unlimited)
who supplied ZSTACK and extensively improved the overall package in 2000; my son, Peter who
helped set up the basic widget structure; EIi Rotenberg, Jonathan Denlinger, Stefanc Cerasari,
Tolek Tyliszczak, Andy Smith, Andreas Scholl, Géran Johansson, Jacob Stewart Ovnstein, and
many others. SPECIAL thanks to Chris Jacebsen (Stony Brook, nsis) for sharing his

STACK ANALYZE and PCA_GLUT codes, Rick Eneedler, for providing the basis for the stack-fit
routine, and Billy Loo (UCSF) for providing 5F, the Henke mass absorption roufine and the
Conjugate Gradient Optimization routine {ax_cgo).

TOSTART aXis2000:  after installing aXis 2000 (see end of this file)
[Windows and Mac OS:
Start IDL ;
If vou have set the Preferences (in IDL) so that axis2000_batch.pro is the start file,
a¥1s2000 will launch automatically.
Otherwise, type axis2000 on the IDL command line.
If vou cuit a¥is2000 and stay in IDL, you can restart by typing axis2000

aXis2000 manual — 30 June 2014 1 aXis2000.doc (Waord)

Features of the «Xis2000 widget

Y lineout at X-position of cursor | down Tk T salact s hatfar

First-raow pull- Thumbnail
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Second row, single command

Wedmuc b AXI3 W00,
Veron 2.1 % 080k p072)

~ D A=ZN prot G=2N lipd B=IN
1715
r 2TRR Lars
10 Data Buffer List
¢ Click to select
* Use ytilities~change
label to change label
+ Buffer 0 = rodified
ata
lider for long labels

3 Y Ay
Y N, a

000 9|

A&

XY, Z) - at cursor
(dX,dY,dZ) - change
over line (images) or
between cursors
{(spectra)

dR - distance along
line {(iraages only)

Limeods, symbd s & scale bar gplicns I Garna for Knages I X l} (Z) Ymits for
Inages & specira B
Cixsors Main Imggg (display & cordrol)

¢ Displays currertly selected irmage or selected spectrura {or group of
spectra, if' Spectra-Oiverplot used)
* Size of a¥Xis2000 display canbe adjusted (0.5 to 2.0) of a norainal
size (360x360 pixels in Iain Irmage) by size pararaeter in axis ind
Mouse (if Z-lines is selected)
« First click — cursor and lineout; arras the line generator
¢ Second click — draws and docurnents line (irmage) ;

- reports difference in cursors (spectra)
¢ Third click - clears line and cursor inforration




axXis2000 GUI Structure

* Think of as a TOOLBOX rather than a Workflow (Mantis is workflow oriented)

» User can follow pre-set sequence(s)

Tutorials on web site http://unicorn.mcmaster.ca/aXis2000.html (rather dated!!)
aXis2000 Manual (Help) describes function of each button, not workflow intensity

Top level menus organized by process (read/write/zoom/filter/utilities) e

and by type of data: images / stacks/linescans/spectra

Read | Wifrite | Zoom | Filter ‘ lrmages | wtacks | Linescans ‘ spectra ‘ Display | Ltilities |

E wit | Cluat | Fimagehiewer | Mesuz File Viewer | Help |

Main panel features

Rezet colors | Copy Buffer | Clear Buffer |

W Awes W Zlines | Symbalz v Bar

Gamma ﬂ J ﬂlﬁ
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Images
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aXis2000 — Read Data

) aXis2000 16 Feb 2019 - m} X

Write || Zoom || Filter || Images || Stacks || Linescans Spectra || Display || Utilities " @ R ead 9 STX M (S d f) y for Stan d ard C LS
STXM (sdf) fexus Fie Viewer || Help Reset colors || Copy Buffer || Clear Buffer Am b I e nt_ STX M d a’ta f| I es

e o ® Read = STXM (NeXus), for CLS Cryo-STXM
data files

® Read - PEEM (lox), for CLS PEEM data files

Images

Spectra
Stacks

ALS 7 NSRRC
Alba R [ of I

Bessy | Photon Vo

CLS S ® Read - Images, for many other synchrotron

‘E’:am"d | 'f3°'e“ | instruments data files, graphics files, etc.

effra SSRL 00 erey
Max IV UVSOR- I ® Read -> Spectra, for many other synchrotron
N § instruments data files, text files, etc.

| a\is 2000 06 e e Read = Stacks, for many other synchrotron
; | 5 instruments data files

Axes Ziines  [] Symbols Bar

~ Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
- Light de rayonnement
Source synchrotron




Ambient-STXM Data Format

Header File: e.g. A091111005.hdr, Image Data File:
Scans, STXM, and Beamline settings e.g. A091111005 a.xim

) A091111005_axim - Notepad - [} ®
P

File Edit Format View Help

a1 539 551 548 551 543 550 562 539 566 566 574 558 566 578 ~
566 550 558 562 554 561 554 561 559 551 569 569 553 541 546
548 556 548 546 542 557 562 544 542 556 546 562 552 539 537
566 569 551 527 570 556 563 557 559 535 554 556 554 568 564
561 545 552 563 554 554 546 553 578 575 553 561 55@ 544 55@
552 547 560 567 535 558 559 563 554 567 555 564 554 547 559

629, -192.589, -192.549, -192.509, -192.469, -192.429, -192.389, -192.349, -192.309, -192.269, -192.229, -192.189, - gg; 2‘5“51 ggg ;3 i:'ll i;g ;;s ;gg ;ﬁ gﬁ ;ﬁ ;;é g:z gﬁ gg:

-188.509, -188.469, -188.429, -188.389, -188.349, -188.309, -188.269, -188.229, -188.189, -188.149, -188.109, -188.8 538 555 567 542 562 551 552 565 555 563 568 561 557 545 557

b 545 544 567 567 559 561 564 558 553 556 563 557 564 552 562
QAxis = { Name = "Sample Y"; Unit = "um"; Min = 4796.553; Max = 4886.553; Dir = 1 544 45 357 539 560 570 349 344 568 349 341 347 365 345 347

;
Points = (258, 4796.553, 4796.593, 4796.633, 4796.673, 4795.713, 4796.753, 4795.793, gig ggi géi é:g éég é?i é?; égi éig ééi ééf ég: égg é;‘ éfg
553, 4800.593, 4800.633, 4300.673, 4500.713, 4880.753, 4809.793, 4800.833, 4500.573, 4S00.913, 4809.953, 4800.993, 4

543 542 543 562 557 548 545 536 537 548 565 537 553 55@ 561
4804.673, 4804.713, 4804.753, 4804.793, 4804.833, 4804.873, 4804.913, 4804.953, 4804.993, 4805.833, 4805.873, 4885.1 552 553 544 552 550 550 567 s6@ 557 545 547 549 550 552 553

%3 554 569 563 552 545 546 545 553 553 546 551 552 55@ 556 553
’ 544 550 556 544 556 563 571 557 557 558 558 563 561 552 546

Stackfxis = { Name = "Energy”; Unit = "eV"; Min = 300.8@83; Max = 300.803; Dir = -1;
Points = (1, 30@.8@3);

) 4031111005 hdr - Notepad - o X
File Edit Format View Help

ScanDefinition = { Label = "A®91111805.hdr"; Type = "Image Scan”; Flags = "Image”; Dwell = 1.095;
Regions = (1,
{

PAxis = { MName = "Sample X"; Unit = "um”; Min = -196.629; Max = -186.629; Dir = 1;
Points = (250, -196.629, -196.589, -196.549, -196.509, -196.469, -196.429, -196.389,

IH

Channels = (1,

§.Nams = "counter®”; Unit = "counts”;}}; Spectru m Data FI I e:

3
Time = "2009 November 11 22:5@:37"; BeamFeedback = false; ShutterAutomatic = true;
Channels = (1,

{ ID = 1; Type = @; Name = "counter@”; Controller = @; DevicelNumber = @; UnitName = “"counts”; LinearCoefficient = 1; e A100219012 O
.g. XSp

Monochromator = { Mame = "Energy”; LastPosition = 38@.002; Status = 1; Type = 1; ControllerID = 63; Vel = @;};

EntranceSlit = { Name = "M3STXMPitch"; LastPosition = 3.864; Status = 8; Type = 1; ControllerID = 67; Vel = 1;}; 1) A100219012_0:x5p - Notepad _ o x
ExitVS1it = { Name = "S1itX"; LastPosition = 38.1; Status - 1; Type = 1; ControllerID = 62; Vel = 200;}; Bf!; Edit 4?;2;‘3 Yiew Help .
ExitHSlit = { Name = "S1itY"; LastPosition = 3@.2; Status = 1; Type = 1; ControllerID = 61; Vel = 200;}; ;:;;:g :;‘;iéi

SampleFineX = { Name = "SampleX"; LastPosition = -184.33349; Status = 8; Type = 0; ControllerID = 41; Vel = 1;}; ;g:;:i 3;;?@2

SampleFineY = { Name = "SampleY"; LastPosition = 4796.5631; Status = @; Type = @; ControllerID = 42; Vel = 1;}; g:;g?a i;g:ég

SampleFineZ = { Name = "SampleFineZ"; LastPosition = -25.8@4884; Status = @; Type = @; ControllerID = 48; Vel = 1;}; 396.372 469666

396.568 468513
396.784 467277
396.96 468773
SampleCoarseY = { Name = "CoarseY"; LastPosition = 4832.2; Status = @; Type = 1; ControllerID = 83; Vel = 8.5;}; 397.156 467601
397.352 468312
397.548 467831
397.744 466367
ZonePlateZ = { Name = "ZonePlatez"; LastPosition = -1162.7178; Status = 1; Type = 1; ControllerID = 88; Vel = 600;}; v 397.94 464330
< > 398.136 460334
398.332 4508769
208 G578 441331

SampleCoarseX = { Name = "CoarseX"; LastPosition = -166; Status = @; Type = 1; ControllerID = 82; Vel = 1.9;};

SampleCoarseZ = { Name = "CoarseZ"; LastPosition = 819; Status = 8; Type = 1; ControllerID = 11; Vel = 1;};

Windows (CRLF) Ln1, Col 1 100%

Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
Light de rayonnement

Source synchrotron




axXi1s2000 — Read Ambient-STXM Images

) aXis2000 16 Feb 2019

REEd SEH: DEﬁﬂmg FDrmat ﬂlES X Read || Write | Zoom | Filter || Images | Stacks @ Linescans Spectra || Display || Utilities

Exit || Quit | XimageViewer | Nexus File Viewer Help Reset colors | | Copy Buffer | | Clear Buffer

- [m] X

A081111005  counterC 1946003 |

Path |C-\Data\STXM-demo\N-CNT\ |

Fo |A091111005 Eromes @
Type |Image Scan | Cancel oK

Channel | counter( Begion | Region 1 =y comect 7
.
Give detai ting KGam value =| 500.0 e b
[ Give als ing Agm value )

Parameters: access all information in the header file

Select buffer(s)to clear in dialog
window

[ 0 empty
1 ADS1111005 counterd
[ 2 empty
[ 3 empty
[ 4 empty
[ 5 empty

e 3t T ol T T T T T 153 i
—196 180 —188 J [J 6 empty
u

—194 -192 -
1 um x (um) E = 300.003 &V dwall = 1.1G ma
[ 7 empty

X -192.84 94

Map: obtain a two-image subtraction map directly without - o o

alignment o : :

1 image: read an image from a selected photon energy for E— ]

a stack < m [ )
Channel: select data channel if more than one detector is ( )
used ® First click on image: select the starting point

Region: select sample region if more than one image ® Second click on image: select the ending point, then
region is defined calculate the d-X, d-Y, d-R, and d-Z of the two points
I-ring norm?: normalization to I-ring ® Third click on image: clear the selected points

I-ring norm value: CLS 220 mA

Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
- Light de rayonnement
Source synchrotron




axis2000 — Image Zoom

&) aXis2000 16 Feb 2019

Read | Write Filter | Images || Stacks | Linescans | Spectra | Display | Utilities

Exit || Quit | Xim Image 2
Spectra >

ftert

4306 —

— T T T T T T T T LI B

6 194 -
1 um % (um) E = 300.003 &V dwall =

Axes Ziines  [] Symbols Bar

Gamma < > | 1.00 |

T
192 =190

- ] X

A

Reset colors | | Copy Buffer | | Clear Buffer

A\STXM-demo\Cryo-STXM\ — A
C190126021 hdf5

Sample image { 100 x 100 ) read from
C150126021 hdf5. Dwell = 1.00 ms.

Left - set zooom factor

Right - quit zoom

v

[C] 0 ZN 190126021 hdf5 counterd
1 A091111005 counterd
[J 2 C190126021 hdf5 counterD
[ 3 empty
[J 4 empty

— M []5emty

7‘ [] 6 empty

[] 7 empty

[] 8 empty
[ 9 empty

Canadian Centre canadien
Light de rayonnement
Source synchrotron

Functions

® Pan: pops-up a zoom window with a ~3x
expansion of the region around the cursor

® Cursor - cut: use cursor to define a stretchable
box on the image to cut

® Numerical - cut: numerical input of the
coordinates X-min, X-max, Y-min, and Y-max for
image cut

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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axXis2000 — Image Filter

) aXis2000 16 Feb 2019

Read || Write || Zoom Images || Stacks | Linescans | Spectra || Display || Utilities

Exit || Quit | XimageViewer \
191111005  counterC

Lee Filter

Convol

Clean (FT image filter)

4804 —

4800 —

4798 —

T T T T T T T T T T T T T T
—196 —194 -190 —168

-192
= = 1 um x (um) E = 300.003 &V dwall = 1.1C ma
X -192.15 112 f

Y 4806.9 249
4 1902.3

d-X

d-Y

d-R

d-Z

Axes Zdnes  [] Symbols Bar

Gamma < > ERUD‘

~ Canadian Centre canadien
- Light de rayonnement
Source synchrotron

- O

Reset colors | Copy Buffer || Clear Buffer

Té;i;éﬁaij ‘
] 0 empty
1 A091111005 counterd
[J 2 C190126021 hdf5 counterD
(1 3 empty
[] 4 empty
[ 153 \ L] 2wty
- ] 6 empty
— [ 7 empty
‘ 4.31e+003 ‘ ] 8 empty
e
<
X
{ -197.

Some Useful Functions
® Smooth: Boxcar average over
n-points
® Median: n-point Savitsky-Golay
averaging

® Clean (FT image filter): 2d-FT
filter. The FT is displayed on a
1:1 pixel format.

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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axXis2000 — Image Processing

%) aXis2000 16 Feb 2019 - X

Read || Write | Zoom | Filter Stacks | Linescans | = Spectra || Display | Utilities Z SO m e U S ef u I Fu n Ctl O n S

Exit || Quit = XimageViewer | Nexus * ‘ Reset colors | | Copy Buffer = Clear Buffer o Add: add/append Image Or Constant
11005  counterC 1 . 1 i i
bin ® Average pixels: average image or region pixels
#® Calibrate XY >

“i
v

® Clip signal: two clicks to select image intensity
range

Convert_to_OD
Cross-link density

: Deglitch . .
@ Convert_to_OD: normalize to the maximum
W i | intensity value of the image

FRC - resolution

® Delete region: select an image region and replace

« Cnestemask —> the intensity value by arbitrary number
H histogram [] 0 A091111005 counterd OD . . .. . . .
Moy one poit B2 1 A0ST111005 counterd ® Gain: multiply or divide the image intensity by a
Modify XY axes [] 2 C190126021hdf5 counterD number
4 .‘m [ 3 empty
Particle analyze [] 4 AD91111005 counter) OD . G t k_ th h Id th H H t t O
8| o A B Osem enerate mask: thresho e image intensity as
Profiles > | —qe2 ~tso 168 | : | [ 6 empty and 1
i ” i ..Ratio to [ 7 empty
v e 2 S [triets ]| Ols ey e Multiply buffers: multiple two images
z 17590 > m‘ [ 9 empty Py ' P 9
ox Fee ® Power: power the image intensity
iz R A ® Ratio to: divided by another image
- = ® Replace line: remove bad/black lines
Gamma < > @‘ v

. Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
- Light de rayonnement
Source synchrotron



aXis2000 — Im

) axis2000 16 Feb 2019

Read | Write | Zoom || Filter ' Images | Stacks | Linescans | Spectra | Display | Utilities

Exit || Quit Nexus File Viewer | Help Over Plot

XimageViewer

Clear
odify image color:

Modify rigid colors

Pixels only

RGB composite
cale bar position

Show color scheme

A091111005

Changeable
intensity limits

—194 -192 -190
x (um) E = 300.003 &V dwall = 1.1C ma

Axes Zines  [] Symbols Bar

Reset colors | | Copy Buffer | | Clear Buffer

>
>
=>4 AN

Modify rigid colors: Not yet coded (aph
23£eb-06)

[] 0 AD91111003 counterd RL
1 A091111005 counterD
[J 2 190126021 hdf5 counterd

] 3 empty

[] 4 empty

\ == [ 5 empty

‘@' [] 6 empty

NG 07 ey
Y

[ 9 empty

[ 4.80e+003 \

v

~

age Display

Some Useful Functions
® 3d plot: X, Y and Intensity 3d image plot
® Modify image colors: change image colors

] Xloadct >

Done Help

® Tables (CoOptions () Function

£ >
Stretch Bottom
100
£ >
Stretch Top
1.00000
< >
Gamma Comection
GRNWHT EXPONENTIAL &
GREEN-PINK
BLUE-RED
16 LEVEL
RAINBOW
STEPS
STERN SPECIAL
Haze hd

® Scale bar position: click on image to
manually place the scale bar

® Thumbnails: display multiple images

Changeable X, Y limits

Changeable settings

Canadian Centre canadien
Light de rayonnement
Source synchrotron

,V together

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca

15



aXi1s2000 — Image Utilities

%) aXis2000 16 Feb 2019

Read | Write = Zoom | Filter | Images | Stacks | Linescans | Spectra || Display

Exit | Quit | XimageViewer = Nexus File Viewer = Help 9_pad analysis

Calculate concentration
2081111005  counter(
Calculate peptide spectra

4306 —

Calculate X-ray parameters (SF)

Change dwell
Chenge v
Change label

14

Execute macro

Other
Print SysVar

Set preferences

- O X

~

iors Copy Buffer | | Clear Buffer

gy |
1NN
IR

s dleimage ( 100x 100 ) read from
1126021 hdf5. Dwell = 1.00 ms.
> |setto 1.10000 ms
t 250 pixels. 0.040x 0.040 um.
jvalues: dx = 0.040. Hy ptsfor
fe pixels = 249

>

4798 —

O T B N T T —T T
—196 —194 -192 -190 —168
1 um x {um} E = 3CC.CA3 aV dwall = 1.1 ma

| €

Axes Ziines  [] Symbols Bar

Gamma < > [100 ‘

~ Canadian Centre canadien
- Light de rayonnement
Source synchrotron

[] 0 A091111005 counterd M

1 A091111005 counterd

[ 2 €190126021 hdf5 counterD
[ 3 empty

(] 4 empty

[ 5 empty

[] 6 empty

(] 7 empty

(] 8 empty

(1 9 empty

< >

Some Useful Functions
® Change dwell: change image dwell
time
® Change energy: change image
photon energy

® Change label: change label for
Image or other files like spectra

® Change mesh: change image X and
Y pixel number

® Print: print image or other files like
spectra with or without IDL
annotation

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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aXis2000 16 Feb 2019

axXi1s2000 — Write Images

Read Zoom || Filter ' Images || Stacks | Linescans | Spectra || Display || Utilities

Exit

e —
WS

-197.78
4306.0
1879.5

SDF format
XAS single/multiple

0
235

[f Help
\

A081111005  counterC

Reset colors | | Copy Buffer | Clear Buffer

—196 —194
1 um

Axes

Zdines  [] Symbols

Gamma < > {ﬁ[ﬂ

Canadian Centre canadien

Light
Source

de rayonnement
synchrotron

-192
x (um) E = 300.003 eV

Bar

=1
dwall =

T & Te % ] o
—168

1.1C ma

[J 0 A091111005 counter 53
1 AD91111005 counterD

[J 2 190126021 hdf5 counterD
[] 3 empty

[ 4 empty

L. [] 5 empty
) [ 6 empty

[ 7 empty
(] 8 empty
[] 9 empty

< >

A

Some Useful Functions

® AXIS: images written into *.axb binary
format

® Graphics: images written into graphics
formats, such as GIF, JPG, PNG and
TIF, with and without axes or labels

® ALS-xyt: images written into X, Y,
intensity, X-pixel, and Y-pixel

® ascii image: images written into
coordinates, and 2d array of image
intensity

® NSLS-image (*.nc): images written into
NSLS netCDF image format (*.nc)

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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Spectra
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aXis2000 — Read Ambient-STXM Point Spectra

B¥) Read Self Defining Format files

Path |C:'-.Data'-.STHM-demu:u'-.N-CNT'-.F‘::uint scansh

Hie |A100219012

Type((NEXAFS Paint Scan ) | Map

Browse

Parameters

1image Cancel

Channel | courterl ~ | Qegion | all regions xy comect 7

[ ] Give details Hing norm?  |4ing nom value =

500.0

] Xis2000 16 Feb 2019 - O X
ot a
Read || Write | Zoom || Filter || Images | Stacks | Linescans Spectra || Display || Utilities
Exi || Quit || XmageViewer | | Nexus File Viewer | | Help Resst colors | | Copy Buffer || Clear Buffer

A1002190712. 0 courterd region | R \f/l/\/l/‘/

B0

OK

@
]
=

STHM: CHANNEL a. kHz

[10 empty
1 A100219012_0 counter( region
[] 2 A100219012_1 counterQ region £

5
g

| A100219012—point scan-500 ms |

Image Scan 150x100 pts 401 eV 1.089 ms Dwell
SR
& | & de ¢ o 2| 28 [countero -
i d
B 605
©541.3
o113
2 d
& B
[ sample x |-146.43[ sample ¥ [4769.74[abs ~|[Data] 560

Canadian Centre canadien
Light de rayonnement
Source synchrotron

[]3 A100219012_2 counterlregion {
[ 4 A100219012_3 counterDregion ¢

200
T T B ST 15 A100219012_4 counterdiregion ¢
400 +10 420 430 173
point 2 EnargylsV]  dwsll = 500.00 me 16 empty
43546 W7 s
X -
Y 796.12 [ 8 empty
Z 85175
e
dX
d-Y < >
4R
3
[ Axes [AZines []Symbols [ Bar
Gamma < > [ 1.00
v
< >

® First click on spectrum: select the starting point

® Second click on spectrum: select the ending point, then
calculate the d-X, d-Y, and d-Z of the two points

® Third click on spectrum: clear the selected points

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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aXi1s2000 — Spectrum Zoom

B axis2000 16 Feb 2019 x

~ .
Read || Write Filter || Images | Stacks || Linescans || Spectra || Display || Utilities SO m e l 'S ef u | Fu n Ctl O n S

Exit || Quit || Xim Image ] lawer Help Reset colors || Copy Buffer | | Clear Buffer

Spectra > . .
|20 terd 1 AR=+001 .
el i T PV VA P ® Cursor: use cursor to define a
-
~" IR stretchable box on the spectrum
] to cut
g S_elzd bufferis) to clear in dialog . . .
® Numerical: numerical input of
: the limits of X-min, X-max, Y-min,
% 1000 10 empty
: [ 1 A100213012_0 counterd region - and Y—maX for SpeCtrum Cut
= [ 2 A100213012_1 counterD region :
“ [] 2 A100213012_2 counterD region
soo k- [] 4 A100219012_3 counterD region ¢
I A AT A AN AN I A A A A A A A AR A AR ! 15 4100219012_4 counter( region *
400 4+10 420 430 173.
point 2 Enargy(sy) dwall = 500000 m= [1 & empty
[ 7 empty
- o
Z 15367 13 empty
i § -
b2
A
txes [ Zdnes []Symbols [~ Bar
Gamma ¢ 3 | 1.00 y
£ >

~ Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
- Light de rayonnement
Source synchrotron



BE] aXis2000 16 Feb 2019

Read || Write || Zoom

Exit || Quit || XimageViewer
Lee Filter
Convel

Clean (FT image filter)

2000 -

Morralized to 500

1500 -

kHz
T

1000 -

STHM: CHANMEL a.

SO0 -

aXis

Images || Stacks || Linescans | Spectra || Display

B12_0

Utilities

countsr) regien 1

400

Axes

Zlines

Gamma «

Canadian Centre canadien
Light de rayonnement
Source synchrotron

[ Symbals

>

1.00

410
point 2 Enargyl(sy)

Bar

420 430
dwall = ESC000 me

Reset colors

Copy Buffer

Y T

O ped

Clear Buffer

window
Clean: only forimages

Select buffer(s) to clear in dialog

[ 0 empty

1 A100219012_0
[ 2 A100219012_1
[ 3 A100219012_2
[ 4 A100219012_3
[ 5 A100219012_4

173.
[ & empty
[1 7 empty
2.41e=003 [ 8 empty
oo
£
A

3395.

counterl region ~
counter{) region :
counter{) region
counter{ region ¢

counter() region £

2000 — Spectrum Filter

Some Useful Functions
® Smooth: Boxcar average over

n-points

® Median: n-point Savitsky-Golay

averaging

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca

21



axXis2000 — Spectrum Processing

B aXis2000 16 Feb 2019 - O X

Read || Write || Zoom || Filter | Images | Stacks | Linescans Display || Utilities . Some UserI FunCtlonS
Exit || Quit || XimageViewer || Nexus File Viewer Help Absolute value Reset colors | | Copy Buffer | | Clear Buffer . Add: add/a end S eCtrum Or Constant
R oy (e \/‘/lf/\/'/ e Calibrate: Sa?libratepx or Y scale
> ® Clip signal: two clicks to select image intensity
: d \ range
E Differentiate 1 .
Firollover . ... ® Convert to: normalize to an lo spectrum to get OD
E E_to_Wavelength — S p eCtru m
Integrate ] Y S H 1 H
_ ® Curve fit: linear combination curve fit and other
G Medify ene point | . H
| — ° Dglete. delete the region between two selected
E Peak area | 1 A100219012_0 counterd region 1 p0|nts
; @ ? ] [ 2 A100219012_1 counterD region 2 . . .. . .
& ] [J 3 A100219012_2 counterd region 3 ® Gain: multlply or divide the Y scale (|ntenS|ty) by a
Reverse values i [] 4 A100219012_3 counterl region 4
Split = [ 5 A100219012_4 counterl) region 5 number
oot enstmez @ Linear Background: select two points on
x 43566 - N
v s L spectrum for background baseline
o ( . Multiply: multiple two spectra
d-R . .
iz s ® Power: power the spectrum intensity
X
T = ® Ratio to: divided by another spectrum
Ganma < > (10 . ® Truncate: truncate the spectral regions beyond the

. 2 two selected points

~ Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
- Light de rayonnement
Source synchrotron




B aXis2000 16 Feb 2019

Read || Write || Zoom || Filter || Images | Stacks || Linescans || Spectra Utilities

Quit

Exit

d-X
d-Y

d-Z

¥imageViewer || Nexus File Viewer Help

1000

B

Hormalized te 220 mé

&OC

STHM: GHENNEL @, kHz

200

Pxes

A120219012_0

axis2000 — Spectrum Display

Clear

<aunt

LB e e 3d plot
Meodify image colors
Maodify rigid colors

Pixels only

RGE compaosite

Seale bar position

Show color scheme

Thumbnails

400

Zdines

410

[ 5ymbals

paint 2 Energylsi]

Gamma <

Canadian Centre canadien
Light de rayonnement
Source synchrotron

Bar

43X
dwall = S00.00 ma

AN

430

Rescale

Window

O *

[ Copy Buffer | | Clear Buffer

=500.00 ms.

Sample point spectrum with 100 points »
read from C190126017 hdf5. Dwell

Sample point spectrum with 100 points
read from C190126017 hdf5. Dwell

=500.00 ms.

Changeable settings

[ 0 empty
1 A100219012_0
2 A100219012_1
3 A100219012_2
4 A100219012_3
5 A100219012_4
[ & empty
[0 7 empty
[ 8 empty
19 empty

counter{) region 1
counterl region 2
counter{) region 3
counterl region 4

counter region 5

Changeable X, Y IimiEs

>

Some Useful Functions

® Over plot: display multiple spectra
on the same plot based on No
Rescale, Rescale, Window, and
Shift

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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B axis2000 16 Feb 2019

Read Zoom || Filter || Images || Stacks | Linescans || Spectra || Display || Utilities
o [

d-X
d-Y

d-Z

Graphics
ALS-image
ALS-xyt
ascii image
NSLS-image (*.nc)
SDF format

KAS single/multipls

Maorralizg

kHz

STHM: CHANMEL a.

38792
38948
1009.0

¥

200

[ Axes

Gamma <«

Canadian Centre canadien

F Help

AN00Z18012_0

axXi1s2000 — Write Spectra

gountar region 1

40

Zdines

410

point 2 Enargy(sy)

[ Symbols

>

Light de rayonnement
Source synchrotron

1.00

Bar

420 4350
dwall = 50000 me

Reset colors | | Copy Buffer

1.06e+003
i

X

O >

Clear Buffer

Welcome to AXIS.
Version 16 Feb 2015

choose a file

path to sdf files not defined. Please

(1 0 empty
1 A100219012_0
[] 2 A100219012_1
13 A100215012_2
[1 4 A100219012_3
[ 5 A100219012_4
[ & empty
[] 7 empty
[ & empty
L1 9 empty

counterd region 1
counter(] region 2
counter(] region 3
counter region 4
counter] region 5

Some Useful Functions
® AXIS: spectra written into *.txt

ASCII format

® XAS single/multiple: images
written into NSLS XAS format

(*.xas)

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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aXis2000 — Read Ambient-STXM Linescans

B Read Self Defining Format files

Path |C:'-.Data'-.STxM-demn:n'-_-’-'-naline'-.IJnescans'-.

Fle |A100213023 Browse Parameters

e 00 e
Type(( NEXAFS Line Scan ) | Map 1image Cancel QK
Channel | courterl ~ | Region | Region 1~ xy comect 7

[ Give details ling nom?  |<ing nom value =| 2200 View |Hing

aXis2000 16 Feb 2019

Read | Write =~ Zoom || Filter || Images

Ext || Quit | XimageViewer

Nexus File Viewer Help

Pxes Ziines

Gamma ¢

Stacks

Linescans || Spectra | Display | Utilities

A100218023

[ Symbols Bar

> 1]

1.05e+004

668,

- ] X

Reset colors  Copy Buffer | Clear Buffer

Version 16 Feb 2019
path to sdf files not defined. Please
choose afile

] 0 empty

1 A100219023
[J2em
[ 3 em
[ 4 emy
15 em
16 em
17 emy

104

0.000

§ 3288882

[ 8 em
9 emy

318

280,

XI I1I
A

® First click on spectrum: select the starting point

® Second click on spectrum: select the ending point, then calculate the d-X, d-Y, and
d-Z of the two points

® Third click on spectrum: clear the selected points

s

Canadian Centre canadien
Light de rayonnement
Source synchrotron

THE BRIGHTEST

LIGHT IN CANADA | lightsource.ca
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axXis2000 — Linescans Processing

B aXis2000 16 Feb 2019 - O X

Read || Write || Zoom || Filter || Images || Stacks Spectra || Display || Utilities 2 Some UserI FunCtlonS

Exit || Quit || XimageViewer | Nexus File Viewer Help i ‘ Reset colors | | Copy Buffer | | Clear Buffer Add IIneS' deflne tWO Ilnes horlzonta”y and
average the intensity between the two lines

locate line

line_fit 1.05=+004 Lm\
}r\.. Normalize to lo: normalize the linescan specto-

.
§

normalize to line » Image tO the IO Spectrum

a= subtract reference

lo region

cha

sum lines 27to 41 | |
. "\ /
™ /1 lo Spectrum

Hormalizad te 220 m&  um

[] 0 Abs A100219023 : ‘|.J L//
1 A100219023
[ 2 A100215023
[ 3 Abs A100213023
[ 4 Pbs A100213023

05 empty .
280 290 oty 3o [ & empty Ll nescan
5 um x fum} dwall = 1036 ma
[ 7 empty .
0] 8 eroy OD image
Y
19 empty
d-x T
d-Y < >
d-R |
I~
X N
280. A
Pxes Zdines [ Symbols Bar [ KU'J O D
Garms < , . u Spectrum
< > W

. Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
- Light de rayonnement
Source synchrotron
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Stacks
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s

QL‘ IR
* e&
>

X

N K-edge
Image Stack
(Sequence)

Canadian Centre canadien

Light

Source

de rayonnement
synchrotron

STXM Stacks Data Processing

Raw Data  Nitrogen-doped Carbon Nanotube

\ (Transmission) (N-CNT)

| FT alignment,

Unk

ster Analysis
all pixel spectra

oD

| | Combine stacks,

Normalized to | .
| Beer’s Law | l

Image
Stack

(x.y,E)

)

S o010

Quantitative Color
Composite Map

Absorbance (nm

Linear Reference

N1s

45 nm 0.05 Spectra
4.5 nm .
0.00
395 400 405 410 415 420 425
Energy (eV)
0
0

L
OD=A=-InT = In(TO) = upl

Known systems:
Pixel spectrum fit with linear
reference spectra (SVD)

= Constant , , + Za(x,y,i)ODl(i,E)

Reference spectra
from pure regions or
external

E—

H z%zxiaai

Scaled to calculated
elemental X-ray
absorption profiles

Absorbance

J. Zhou, J. Wang et al. J. Phys. Chem. Lett. 1 (2010) 1709.

1.0

0.8

o
o

Converted Data
(Absorbance, OD)

Movie Clip

Extract NEXAFS
Spectroscopy

Chemical and
Elemental Sensitivity

400 405 410 415 420 425

Energy (eV)

THE BRIGHTEST LIGHT IN CANADA I Iightsource.ca
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STXM Data Analysis File Naming Symbols and Rules

Symbols Description Examples

A designate letter for CLS Ambient-STXM data  [A161216053.nch

C designate letter for CLS Cryo-STXM data C160927034.nch

only file number raw transmission data A161216053.ncb

a aligned stack A161216053a.nch

aod aligned stack, then converted to od stack A161216053a0d.ncb

avg averaged stack image or spectrum A161216053a0d-avg.nch

c, cali energy calibrated A161216053a0dc.ncb, or A161216053caod.nch

cl, clip clipped, cleaned A161216053aodc-clip.nch

Is, | linescan ISA161216052.txt

m remeshed A161216053aodm.nch

map chemical map A161216051aod-map.nch

mask stack mask A161216053a0d-mask.ncb

n normalized A161216053a0dn.ncb

od optical density A1612160500d.axb

odl optical density per nm A1612160530d1-FeO.txt

oda optical density stack, then aligned A1612160530da.ncb

p part of the stack A161216053ao0dp.ncb

sm smoothed spectrum, image A1612160560d-sm-FeO.txt

sf elemental absorption profile FeO-sf-od1.txt

t truncated spectum, stack, clipped stack A161216053ao0dt.nch

X point scan XA1612160550d.txt

Original File Types Derived File Types Naming Rules
Images Image A/C + date + sequence number + symbols (+ sample)
Point Scans Spectrum X + A/IC + date + sequence number + symbols (+ sample)
. Spectrum Is + A/IC + date + sequence number + symbols (+ sample)

Linescans
Spectrum-Image Is + A/IC + date + sequence number + symbols (+ sample)
Stack (A/C + date +) sequence number + symbols (+ sample)
Image (A/C + date +) sequence number + symbols + sample

Stacks
Map (A/IC + date +) sequence number + symbols + sample
Spectrum (A/C + date +) sequence number + symbols + sample

Canadian Centre canadien
Light de rayonnement
Source synchrotron

THE BRIGHTEST LIGHT IN CANADA I Iightsource.ca




aXis2000 — Read Ambient-STXM Stacks

] Read Self Defining Forrat files b | A091112001.dat - Notepad - O ®
File Edit Format View Help
Path |C:\Data\STXM-demo\N-CNT\ADS1112001-N1s\ a_%égéa 4_9?:% 106690 "
0. geoaoe 2.97821
File ADF1112000 Browse Parameters 9@
395.000 A091111001.dat
eee——— 395. 509
T'_.fp Map 1image Cancel QK gggggg
397 .008
Channel | counter) | Region | Region 1 xy caomect 7 Image #395.00 ~ :g;ggg
[ Give details Iﬁaé nom value =|220.0 View l4ing Windowd Un 1. Col 100%
. . ) . B suaroces oo g Xjs2000 Stack Process - @ x
® Compile raw Ambient-STXM stack data: aXis2000 - Read = STXM (sdf) o
® Give a stack file name, then generate two files: 02
X: min, ma: yacal | 4
* i i i i ¥ mn, max | [ | |
> One *.dat file that has stack dimensions, pixel numbers, and photon e |
enel'gleS I minmax:  [018 [[oss | Reset | | EINERSY
. . <.Mowe OPlay @®5Stop () Pause/Step >
> One *.ncb binary stack data file e BT 8l . T NExAEs
® Uncheck “I-ring norm?” if ring current information is missing or wrong for some B ] ] i | Spectrum
images.
® After stack compiling, the aXis2000 Stack Process will be automatically B —
launched with inputting a "suggested zoom” number
Path |[C:\DataSTXM-demo\N-CNT\AD311 1]

® Play movie in “Stack Process” to check if the stack is complete in _-——— |
imagesfenergies.

Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
Light de rayonnement
Source synchrotron




aXis2000 — Stacks

B8] aXis2000 16 Feb 2019 - O X

Read || Write || Zoom || Filter || Images Linescans || Spectra || Display || Utilities . SO m e US ef u I Fu n Ctl O n S

Exit || Quit || XimageViewer || Nexus File Viewer e D Reset colors | | Copy Buffer | | Clear Buffer .
: : ® Stack process: stack data display,
manipulation, and output

4308 —
® Jacobsen stack analyze: stack data
2 L display, alignment, manipulation, and
ol mmmen | ki output
] [egealignment > | Elje‘_u"}:93552_5.JDEIE)1to 565.00 . . .
3 d I ..~ ® Zimba: stack data build, display,

convert to OD with line lo
F |
3  4m0a— | o rt format ¥

: Differentiate
Expand

4500 - RGB - color composite map

| 00 ey alignment, manipulation, and output

Rotate | 1 AD91111005 counterd
ool | s | P e Append: append two stacks with the
> [] 4 empty . . . .

o omegeny o 015 omr same pixel and physical dimensions

e 71 - mo.ESgiv dwalrlgo 110 ma_1BB : L6 empty .
« we m = - - 07 ° C_hange mesh or size: ch_ange stack
oo e pixel number or physical size
s ‘ " @ Maps: perform fitting like SVD or Stack

s fit for the stack, and other fittings

Pues Zines  [] Symbols Bar

> [1] . @ Statistical analysis: PCA analysis

~ Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
- Light de rayonnement
Source synchrotron




aXis2000 — Stack Process

Stack Process: 4091112001 aX|82000 Stack PFOCGSS — O %
Display min, mas: |135.DD ||24?5-.DD | Dismiss | | IDL Slicer | | IDL Slicer3

amma: . Colors | | Rescale

X min, mas: |D.E'E' ||4.5?"

|:~;.yﬂca|e

Yo min, max; |D.E'E' ||2.57" | Zoom || Reset

:E: min, max: 155.00 @ﬂ" E.lscale

I: min, max: |E'.'|B ||D.BB | Reset

Movie ()Play (@) Stop () Pause/Step
DISPLAY

ADS1112001_a000xim 335.00 1.1
AD1112001_a001xim 33550 1.0
ADF1112001_a002xim 336.00 1.01
—_—=

CONTROLS :

mesm 1.0 micro

401.07 e¥Y

| despike || remove bad lines

—
-l Pu:ld ==
RO file .roi)

I|:| pixel | | Resst
TAy= | transmission @ convert OD = 4

median smooth change energies
XY calibrate || change XY axes

DATA
Manipulation

Path |C MDatahSTEM-demoN-CNTHADSTTT]
— |

flame: |AD51‘I12D[}-‘|

OUTPUT
Menu

Canadian Centre canadien
- Light de rayonnement
Source synchrotron

Some Useful Functions
Gamma: change image Gamma value
E: define stack energy range
I: region: select sample region
I: ROI file: load a sample ROI region file
I: map: generate a two image subtraction map
10: file: load an lo file
|0: region: select an lo region
|10: remove image: delete an image of stack
->0D: convert to OD stack
Avg stack: average all stack images
Process: multiple math process for stack
Path: saving path, no space in folder names

Name: file name for output, click “enter” to activate

the output menu buttons

Spectrum, Region, Stack: commonly saved file

types

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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B stack Analyze (Steny Brook, V2.7)

Datafggisplay: ® Fue O OD__JPost analysie: C:\Data\STXM-demo\N-CNT \A031112001-N1s\4091112001.nch

Build stack list ".sI" file
Read stack list ".sI" file
Write stack list ".sl" file

Read stack file

Read I0 csv (ev, khz) file

Save stack file

Clip to i dsa
Save autoclipped stack file

Apply ".aln" alignment file

Manually align stack

Save ".aln" alignment file

Despike stack
Maise filter

Save all but movie, data

Save spatial region ".roi

Save GIF movie "m.qiy

Save MPEG movie ".mpg"

< Ea\.re GIF movie "m.gif* (no sped@

Save MPEG movie ".mpg" (no spectrum)

Exit
10T DT T T

Canadian Centre canadien

~ Light de rayonnement
Source synchrotron

Stack Analyze (Stony Brook, V2.7)

I 1.0 microns
403.94 eV

AD91112001_a045.xim 403.94 1.01

Some Useful Functions

Flux/OD: display in flux (transmission) or OD
(absorption) format

Zoom: select the zoom factor for the stack
images

Read stack file: read a stack and choose
* nch format

Save autoclipped stack file: after iterations
of alignment, save autoclipped stack file
before select lo region.

Align stack: launch the “Stack Align” widget,
then process stack alignment

Save spectrum, image, and movie in formats
except the “mpg” format that requires IDL
licence

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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Stack Analyze (Stony Brook, V2.7) — Stack Align

8] Stack Align

|Edge enhance before aligning?

Sobel

Roberts

A051112001_a000xim 335.00 1.01

(90 of 30; shift was [-0.3.0.1])

|Image to align to: |

Each preceding imag}

Constant reference image:

A09111200
ADS1IT1
ADS111
ADS111200 50

A051112001_a004.xim 357.00 1.0

|H0w to align |

—

'( X-coNpeak X-cor CM ‘
¥-cor pixg shift limit: 30
~ w edgegauss: 30

[« Ea\re new alignment; go to stack_analyze >

De not save new alignment; go to stack_analyze

- O bes

Cross comelation

-~

Canadian Centre canadien

~ Light
Source

synchrotron

de rayonnement

Some Useful Functions

Edge enhance before aligning: choose
“None” for most cases unless the image
contrast is very poor.

Image to align to: choose “Each
preceding image” for most cases; or
choose a best contrast image for some
cases; use the same reference image for
all alignment iterations.

Use other default settings unless the
alignment is very challenging.

Save new alignment; go to

stack _analyze: after each alignment, save
the alignment back to the stack without a
separate alignment file.

Align the stack until the X-Shift and Y-Shift
are zero and fully overlapped, or smaller
than 1 pixel.

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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B stack Analyze (Stony Brook, V2.7)

Fileﬁéato display: () Flux @OE> Post analysis

Display min, max O0
Full range | Gamma: Colors

Image to display:

AD91112001 a030xim: 401.673 eV 1.01 msec ¥

L Remove this image from stack

Simple movie | | XINTERANIMATE

Spatial regions
Read from "roi" file: | 1and 10 || lonly || las 10
Add |region ) Add | pixel || Reset |

\area:|5?DiI.D.DSSsq.um |

Add 10 region || Add 10 pixel | | Reset 10

Select 10 from histogram
5214 pix, 8.361 sg.um

Save |0 spectum

10 area:

Spectral regions
Load ".sd" file

I:| Define | | Show

10; | Define | | Show Clea

Stack Analyze (Stony Brook, V2.7)

Zoom: > File: C:\Data\STXM-dema \N-CNTVADS1112001-N1s\A091112007a nch

0.9 microns

401.07 eV
AD91112001_a026.xim: 401.069 eV 1.01 msec

& o histogram

Click and drag to define |0 intensity values

Accept as 10 region

Dismiss {no change to 10 region)

Some Useful Functions
Flux/OD: display in flux (transmission) or OD (absorption)
format
Remove this image from stack: delete bad images or
unwanted images even before stack alignment
Add | region: select a sample region to check NEAXFS
spectroscopy

Select 10 from histogram: select the highest intensity peak
for lo, as shown in the window above

® Save |0 spectrum: save the lo spectrum in *.xas format

stack_analyze.sav - File > Read stack file; File =2 Align stack - Save autoclipped stack file 2
Select 10 from histogram (click-hold-drag) - Save 10 spectrum

Canadian Centre canadien

~ Light de rayonnement
Source synchrotron

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca




aXis2000 — Stacks — Zimba

axXis2000 - Stacks - Analyze - Zimba

) ZSTACK Buildlist

- a x

Directary: | C:\Data STAM-demo ' N-CHNTVA051112001-N1sh

Select from directary e
AD91112001_a000xim 395.00
355.00 eV

31.385 A

99 rows X 167 cols

0 mzec dwell

Digplay Previous Image
Display Next Image
Flay movie

Digplay Parameters

Set as first Set as last

Filename (" .sl):

Browse “sl

AD91112001_a001dm 35550 1.01: 39550V,
A1112001_al02xim 356.00 1.01: 35600V,
ANI1112001_all3xim 356.50 1.01: 39650V,
ADS1112001_a004:am 357.00 1.01: 357.00eV,
ADS1112001_a005xim 357.50 1.01: 35750V,
AT 112001_a006xdm 338.00 1.01: 358.00 V.
AD1112001_al07xim 358.20 1.01: 35820V,
ADST112001_a008xm 338.35 1.01:358.35eV,
ADS1112001_al05xim 358.50 1.01: 35850V,
AN1112001_al10xim 358.65 1.01: 35865V,
A1112001_al11xm 358.80 1.01: 35820V,
ANI112001_al12xim 358.95 1.01: 35835V,
ADST112001_a013dm 35311 1.01: 35911 eV,
ANI1112001_al14xim 359.26 1.01: 39926V,
AT 12001_a015m 33341 1.01: 35941 eV,
ADS1112001_al16xim 359.56 1.01: 359.56 eV,
ADS1112001_a0172dm 35971 1.01: 359.71 eV,
A1112001_al18xim 355.86 1.01: 35536V,
ANI1112001_al19xim 400.01 1.07: 400,01 &V,
A1112001_al20xm 40016 1.01: 40016V,
ANI112001_al21 xim 400.31 1.01: 40031 &V,

ADIN112001_al22xm 40046 1.01:40046eV.
ANG1112001 an?vim ANAR? 1 01- ADNR? &V
< >

Binary Filename (*.nch) :| ADS11120010 nch |

Read “nch

Add first -= last to list | | Delete from list | | Reset list MNumber of Files =5

Canadian Centre canadien
Light de rayonnement
Source synchrotron

Some Useful Functions

® Browse *.ncb: browse and open a *.ncb
stack

® List is complete: after loading the stack,
click “List is complete” to move to the
“ZSTACK Align” widget

THE BRIGHTEST LIGHT IN CANADA I Iightsource.ca
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aXis2000 — Stacks — Zimba — ZSTACK Align

axXis2000 - Stacks - Analyze - Zimba - ZSTACK Align

B ZSTACK Align

- O

X

Align images using :
Criginal data

Data as displayed

Reference image for alignment :
[ Each Preceding Image
Each Following Image

Constant Image

Select file

STXM Image

ey - Py

Comelation Fn

Shifted Image

Edge enhancement before alignment:

Sobel Roberts

Cross-comelation determination :

(on maximum Center of mass
Maximum imad shift (pixels): 10
Image shift threghold (pixels): 0.01

Edgegauss smgpthing (pixels) :

< Keep alignment — Go to Stack Spectra >

Dizcard alignment — Go to Stack Spectra

Redo alignment

Interactively adjust alignment shifts

AD51112001_a000xm 355.00 1.01:33500e ~
Display Previous Image
Display Mext Image
Play movie

Display Parameters || Plot Parameters

"Shift (o)

o 20 40
Fila §

AMlignment Shift Filename (*.aln) :| AD31112001 &ln

( Save shifts Fead shifts | | Browse “.aln

Canadian Centre canadien
Light de rayonnement
Source synchrotron

s

Some Useful Functions

Reference image for alignment: choose “Each
Preceding Image” for most cases; or choose a best
contrast image for some cases; use the same reference
image for all alignment iterations.

Edge enhancement before alignment: choose “None”
for most cases unless the image contrast is very poor.

Use other default settings unless the alignment is very
challenging.

Start auto-alignment: you will see this function before
alignment

Skip alignment: you will see this function before
alignment; click this button if alignment was done by
other software

Keep alignment — Go to Stack Spectra: after
alignment, move on to “ZSTACK Spectra”

Save shifts: after each alignment, need to save an
alignment file *.aln

Align the stack until the X-Shift and Y-Shift are zero and
fully overlapped, or smaller than 1 pixel.

THE BRIGHTEST LIGHT IN CANADA I Iightsource.ca
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axXi1s2000 — Stacks — Zimba — ZSTACK Spectra

aXis2000 - Stacks - Analyze - Zimba > ZSTACK Align - ZSTACK Spectra

B ZSTACK Spectra

Select Regions for Spectra :
(use Region of Interest dialog window)

Add 10 region
Reset 10 Reset last |

Reset bath 10 | Reset all |

|0 filename

Select type of data file e
Retrieve 10 file

Browse for 10 file

10 scale factor : | 1.000 |

AD91112001a ,
Select type of spectra : ~

 Base filename:

5 ltab-separated)
File for each spectrum

Save Spectra

(amm; ADS1112001ar0i N\
Save ROl as "rgj

Retrieve * roi

Browse for * roi

Extract Intensity Profiles
Save Images Menu

Exit ZSTACK

— O >
Unshifted Image |
] F 4
ADS11120071_a026 xim: 401.065 eV 1.01 msec:
Display Previous Image
Display Mext Image
Play movie
Digplay Parameters Plot Parameters
1.0F =
osf 3
L osf 3
E E E
o4 i
4 F ]
oz2f- 3
oot 3
390 400 410 420 430
a

Canadian Centre canadien
Light de rayonnement
Source synchrotron

Some Useful Functions

Add 10 region: select an empty region without
sample for lo; if the stack is already OD stack, don’t
need to select an lo region.

Add | region: can select multiple sample regions

Base filename: for convenience, just use stack file
name

Select “xas (tab-separated)” and “File for each
spectrum”, then click “Save Spectra”. Note the
saved spectra are transmission spectra including lo
spectrum if the stack is transmission stack; and for
an OD stack, the saved spectra are OD spectra.

Give a region of interest (ROI) file name, then click
“Save ROI as *.roi” to save the ROI file with
extension name *.roi.

Reset color: if there is display problem, click
“Reset color” button.

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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aXis2000 — Stack Process — Save OD Stack, Stack
Average Image, and Spectra

aXis2000 - Stacks - Analyze - stack process - select an aligned transmission stack - click “No” for alignment file >
suggested zoom value - 10 file (*.*, then choose *.xas lo file) > ->OD - save stack

aXis2000 - Stacks - Analyze - stack process - select an aligned OD stack - click “No” for alignment file -
suggested zoom value - avg stack - Store average image in an empty buffer, then save the image - select “I: region”
—> click draw a sample region on the stack - click “ACCEPT region” - give a file name, then hit “enter” = click “Spectrum
“.txt”” to save the sample NEXAFS spectrum

Save OD stack, average stack image Save Sample Region NEXAFS Spectra

B Stack Process: AD911120012 - [m] x B stack Process: AD9111200120d [m] x B stack Process: AD9111200120d — [m] x

Display min, max. Dismiss || IDL Sicer || IDL Slicerd Display i, ma. Dismiss || 10L Sicer || IDL Sloer3 Display min, max. Dismiss || IDL Sicer || IDL Slicerd
Gamma: Colors | | Rescale Gamma Colars || Rescale Gamma: Colors | | Rescale

Yo min.max: 003 Zoom | Reset ¥ min, max Zoom || Reset ¥ min, max Zoom | Reset
E: min, max Ebscale E: min, max E bscale E: min, max Ebscale

I: min, max Reset I i, max Reset I: min, max Reset

Movie O Play ®5top (O Pause/Step Movie ) Play @ 5Stop () Pause/Step Movie O Play ®5top (O Pause/Step

AD91112001_a000.xim: 395.000 &V 1.01 msec A . AD91112001_a000.im: 385.000 eV 1.01 msec -~ . AD91112001_a000.xim: 395.000 &V 1.01 msec A .
AD91112001_a001xim: 395.500 &V 1.01 msec (.9 micro AD91112001_a001.xim: 395.500 eV 1.01 msec —— 0.9 micro AD91112001_a001xim: 395.500 &V 1.01 msec (.9 micro
g AD91112001_a002.xim: 396.000 &V 1.01 msec g AD91112001_a002.xim: 396.000 &V 1.01 msec g

4091112001 3002 xim 396.000 2V 1.01 msse 395.00 eV 20107 eV 201.07 e¥
I sl | Add |region | picel | | Reset map A091112001_an00 I [all] Add [region | [pbcel | [ Reset map A091112001_aD26 I sl | Add |region | picel | | Reset map A091112001_a026
ROl file despike || remove bad lines ROIfle despike || remove bad lines ROl file despike || remove bad lines
10 [fle | Add | region |[pivel | Resst | removeimage 10: [fle | Acd | region || pixel | |Reset | | remove image 10 [fle | Add | region |[pivel | Resst | removeimage

Th= | transmission | | 0D convert OD > 4 Th= | transmission | | 0D convert OD > 4

TA= | transmission | | 0D convert 0D -> 4

avgstack | | median smocth | | E_cal | | change energies avgstack | | median smocth | | E_cal | | change energies

avgstack | | median smocth | | E_cal | | change energies

process | select command | | XY calibrate | | change X.Y axes process | select command | | XY calibrate | | change X.Y axes process | select command | | XY calibrate | | change X.Y axes

Path ||C:\Datz\STXM-demo \N-CNT\AD9111;] £ Path ||C:\Datz\STXM-demo \N-CNT\AD9111;] J Path ||C:\Datz\STXM-demo \N-CNT\AD9111;]
o
Name: |A091112001a0d Name: |A091112001a0d-N2 Name: |A091112001a0d-NCNT

Spectrum "bt" | | Region "roi” | | Image(s) || Rotate 90 Spectrum "bt" | | Region "roi” | | Image(s) || Rotate 90 Spectrum "bt" | | Region "roi” | | Image(s) || Rotate 90

Image "png" || Movie “m.gf" || Stack "ncb" Image "png" || Movie “m.gf" || Stack "ncb" Image "png" || Movie “m.gf" || Stack "ncb"
Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
Light de rayonnement

Source synchrotron



aXi1s2000 — Stack Average Image — Generate Mask and
Use Mask for Spectrum

aXis2000 - Read - Images = AXIS - open a stack average OD image - Images - generate mask - threshold >
histogram - adjust lower/upper limit to select desired sample region - Save ROl - (optional) edit mask - Save mask
image - Choose Buffer > Write - AXIS - save the mask image in *.axb format - Images - Delete region - select
regions on mask to replace with zero - repeat “generate mask” ......

] aXis2000 RO selector

Lo || I | |

Save ROI

Dismiss

Left button - lower limit ~ Right button - upper imit ~ Both or middle button = move both

) Stack Process: A091112001a0d - [m] x

play min, max: Dismiss || IDL Siicer | IDL Slicerd

amma: (0.50 Colors || Rescale

Di

Gi

X w00 S8 Jayscde
v

E

I

min, max: Zoom | | Reset
E lacse

Movie (OPlay @ 5Stop (O Pause/Step

ADS1112001_a000:4m: 395 000 &V 1.01 mssc - .
ADI1112001_a001 xim: 395.500 £V 1.01 msec 0.9 micro
AD91112001”a002.6m: 356,000 eV 1.01 msec v

S e M) 395.00 v
I [all | Add [region | pixel | | Reset map A091112001_a000
< ROl fils 120012 | despike || remove bad lines

10: fle | Add | region || pixel | Reset remove ima ge

Tiy= [wensmission | | 50D || TE) || conven 0D 1t

avgstack | | median smooth || E_cal || change energies

process  select command ~ | XY calibrate || change XY axes

Path \Data\STXM-demo

Region "roi" || Imagefs) || Rotate 50

Image "png" || Movie "m.gf" | | Stack "nch"

aXis2000 - Stacks > Analyze - stack process > select an aligned OD stack - click “No” for alignment file >
‘. ROI file” - load the mask *.roi file - give a file name, then hit “enter” - click

“Spectrum “.txt”” to save the sample NEXAFS spectrum

suggested zoom value - select

~ Canadian Centre canadien
- Light de rayonnement
Source synchrotron

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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aXi1s2000 — Stack Average Image — Generate Mask and
Use Mask for Stack

aXis2000 - Stacks - Analyze - stack process —> select an aligned OD stack - click “No” for alignment file >
suggested zoom value - process: select command - *image - load a mask image in *.axb format > weight by 1 >
select an “l region” to activate the output menu - give a file name, then hit “enter” - click “Stack “.ncb”” to save the
background cleaned stack

~ Canadian Centre canadien
- Light de rayonnement
Source synchrotron

B stack Process: AD91112001a0d

Display min, max:

Gamma: Colors || Rescale

Xmnmac 000 484 Jayscae

Y: min, max: Zoom || Reset
E: min, max: Elscale

I min, max: |D.15 ||['.'.51 | Reset

Movie () Play (®) Stop () Pause/Step

AD91112001_2000.xim: 355.000 eV 1.01 meac
AD51112001_a001 xim: 355.500 eV 1.01 msec
AD51112001_a002 xim: 356.000 eV 1.01 msec

I: &l | Add | region || pixel Reset map
RO file despike | remove bad lines
10: | file | Add | region || pixel Reset remove image

T#y= | transmission ==0D convert OD -= |4

avg stack median smooth | | E_cal || change energies

-' Y calibrate | | change XY axes

Path |C A\DatatSTXM-demo\N-CNT\ADS11 ‘I,'|

e |A09111200Ta0dclean_> |

Spectrum "td" || Region "roi" || Image(s) | Rotate 50

Image "png” || Movie "m.gif"

Dismiss | | IDL Slicer || IDL Slicer3d

s 0.9 micro

395.00 eV

AD91112001_a000

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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aX1s2000 — Stacks — Change Mesh or Size — Append

® Stack A091111006: C 1s stack, 4 um x 2.5 um, 100 pixel x 63 pixel, step size: 40 nm
® Stack A091112001: N 1s stack, 5 um x 3.0 um, 167 pixel x 99 pixel, step size: 30 nm
® Appending stacks procedure

> Cut A091112001 X-dimension 33 pixels and Y-dimension 17 pixels to have the same physical size as A091111006
> Change mesh for the cut A0O91112001 to 100 pixel x 63 pixel, then append the two stacks together

aXis2000 -> Stacks > Analyze > stack process > select a raw
transmission stack - click “No” for alignment file > suggested zoom value
- select an “I region” to activate the output menu - give a file name, then
hit “enter” - click “Stack “.ncb”” - keep columns(x) > 33 - keep
columns(x) < 166 - keep rows(y) > 17 - keep rows(y) < 98

aXis2000 -»> Stacks - change mesh or size - click “Yes” for change
MESH (and keep same image size) - input “# of X pixels” as 100 - input
“# of Y pixels” as 63 - save the re-meshed stack > Stacks - Append >
select STACK1: A091111006.ncb and STACK2: A091112001tm.ncb - save
the appended stack file name as A091111006+A091112001.nch

~ Canadian Centre canadien
- Light de rayonnement
Source synchrotron

BE) Stack Process: ADS1111006+A031112001

Display min, max:
Gamma: Colors | Rescale
m Zoom || Reset
E: min. max: E Jscale
m

[oos 132 | Reset

X: min, max:

¥ min, max:

I: min, max:

Movie () Play (®) Stop () Pause/Step

ADS1111006_a001 xim 28050 0.99

ADS1111006_a000.xm 230.00 0.93 A

AD91111006_a002.xim 281.00 0.59 v

I: |all | Add | region || pixel Reset map

ROl file despike | | remove bad lines

10: file | Add  region | | pixel Reset remove ima ge

T#y= | transmission =0D || TIE} || conve it OD > 14

avg stack median smooth | E_cal || change energies

process |select command ~ | | XY calibrate | change X.Y axes

Path |c:-..Data-..5Tx M-dema \N-CNT'A09T1 1.'|

Name: |AD51 111006+A091112001 |

Spectrum "td" || Region "roi" || Imagefs) | Rotate 30

Image "png" || Movie "mgf" || Stack "ncb"

Digmigs | | IDL Sicer | IDL Slicer3

*“
1.
s (.8 micro
297.66 eV
10

i

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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axXis2000 — Stacks — Elemental/Chemical On/Off Mapping

aXis2000 - Stacks - Analyze - stack process - select an aligned OD stack, e.g. A091111006+A091112001aod.ncb >
click “No” for alignment file - suggested zoom value - change the “E: min, max” for pre-edge or post-edge - avg stack -
Store average image in an empty buffer, then save the image - change the “E: min, max” again and generate other images
—> click a post-edge image - Images - Add - Buffer - choose the pre-edge image - scaled by -1 > Write > AXIS -
save map

Stack Process: A091111006+A09111200Taod - a x aod: average: 285.00 — 286.00 +  —1.0 A081111006+A08111200

Display min, max: -0.18 2.22 Dismiss || IDL Siicer || IDL Shicer3 10—; C 1S -n-* Map
Gamma: Colors | | Rescale = 2.5—; (285~286) — (280~282)

122

X min, max: x.yﬂcale
Y: min, max: 0.00 216 Zoom || Reset
E: min, max: E.lscale

I: min, max: |D.DD ||D.DD | Resst

7\

Movie () Play (®) Stop (O Pause/Step

s 0.7 micro

AD51111006_a000 xim: 280.000 eV 0.95 msec - 286.20 e¥
AD91111006_a001 xim: 280.500 eV 0.99 msec <l e 0.0 BT
AD51111006_a002.xim: 281.000 eV 0.99 msec v AD91111006_a027 WS 1 L2 3 ‘;
I: |all | Add | region || pixel Reset map
"""""""""" Maod: average: 400.00 — 402.00 + —1.0 £091111006+408111200° [ g7
ROl file despike || remove bad lines
10: | file | Add | region || pixel Reset remove image

Téy= | transmission =00 convert OD -» |4

‘ avg stack ,ledian smooth || E_cal || change energies

process | select command | | XY calibrate | | change X.Y axes

“N 1s Tr* Map -f.'
*2(400~402) — (395~397)

Path |C:'-.Data'-.STXM-demo'-.N-CNT'-.C13+N1:|

Name: |AD51 111006+A091112001a0d |

[00224

1.0
] .
i 0.5 ]
mage ".png Movie "m gif 9.0 =
- - - 1
500 nm x
Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
- Light de rayonnement
Source synchrotron
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aXi1s2000 — Stacks — Maps — Stack Fit / SVD

aXis2000 - Stacks = maps - Stack fit or SVD - select an aligned OD stack = click “No” for parameter file = input “#
of components (1-8)” - choose “Spectrum of component 0” - give a very short “Name for component 0" - choose
the rest component(s) spectrum - give a Name of fit parameter file = then click “enters” for the rest default settings ->

result is saved and displayed in butters

BE) axis2000 16 Feb 2019

Stacks | Linescans Spectra || Display | Utilities

Read || Write | Zoom || Filter | Images

Exit || Quit | XimageViewer | Mexus File Viewer Help

NCHT SF A0%11120010cd

X 2.0627 ]
Y 1.0619 35
= 1.0885

ines [ |Symbols ] Bar

» (0]

Re:
298

-0.355

458

0.000

461

¥
IXI I-‘I I
A

0.000

- O
set colors

Copy Buffer | | Clear Buffer

Pad

STACK_FIT: line 156 of 157

wrote axis file:
Al91112001a0d_constant

wrote axis file: ADS1112001a0d_N2

wrote axis file: ADS1112001a0d_NCNT
wrote axis file: ADS1112001a0d_chi

[ 0 empty

[1 1 interp A09111200730d-N2
[ 2 interp ADS111200120d-NCNT
[ 3 empty

[ 4 N2 SF ADS1112007a0d

5 NCNT SF AD91112007acd
[ 6 empty

[ 7 empty

[ 8 constant SF A0S1112001a0d
[1 9 residuals SF A0S1112001a0d

Canadian Centre canadien
Light de rayonnement
Source synchrotron

Output of Stack Fit / SVD
Buffer 1. reference spectrum of Component O, in this

case it is N2 spectrum obtained from the stack directly, i.e.

internal reference

Buffer 2: reference spectrum of Component 1, in this
case it is NCNT spectrum obtained from the stack directly,
l.e. internal reference

Buffer 4: Component O distribution map, in this case it is
N2 distribution map

Buffer 5: Component 1 distribution map, in this case it is
NCNT distribution map

Buffer 8: Constant map (only for Stack Fit)
Buffer 9: Residuals map

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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axXi1s2000 — Stack Fit / SVD — Color Composite Map

Click “Component 0 map” - Images - Clip signhal = histogram - click “around 0” and “highest visible intensity” -
Copy Buffer, and place it to Buffer 1 - repeat the procedure for “Component 1” and place it to Buffer 2 = in this case of
only two components, a third blank image of zero intensity needs to be created - click any component image - Images -
Gain - Multiply by 0 - place the blank image to Buffer 3 - click a blank buffer like Buffer 7 - Display > RGB
composite - select RED, GREEN, and BLUE images from Buffer 1 to 3 respectively - click “Yes” for Autoscale each

component - save the image in *.tif format

Read || Write || Zoom || Filter || Images || Stacks || Linescans || Spectra || Display || Utilities

RBG

\STX
N1s\N2-NCNT tif

[ 4 N2 SF A091112001a0d
[] 5 NCNT SF A091112001a0d
[ 6 empty

[ 7 empty

Axes Zines  [] Symbols Bar

Gamma <

aXis2000 16 Feb 2019 - O

Exit || Quit | XimageViewer | Nexus File Viewer || Help Reset colors | | Copy Buffer | | Clear Buffer

composite stored as C:\Data
M-demo\N-CNT\A091112001-

0 R=N2 SF A091112001aod Cl 0.002
[J 1 N2 SF A091112001a0d CI 0.0023-1
[ 2 NCNT SF A091112001a0d C! -0.00
[ 3 NCNT SF A091112001acd C1 -0.00

[ 8 constant SF A091112001a0d
[ 9 residuals SF A091112001a0d

X

<
~ Canadian Centre canadien
- Light de rayonnement
Source synchrotron

® Buffer O: color composite map

® Buffer 1: high contrast image of Component O
® Buffer 2: high contrast image of Component 1
® Buffer 3: blank image with zero intensity

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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aXi1s2000 — Spectra Curve Fit — Stack Fit / SVD

aXis2000 - Read - Spectra - AXIS - open a spectrum for all sample regions like A091112001aod-all.txt = click the
spectrum -> Spectra - Curve fit = linear regression (stack fit) or SVD - click “No” for parameter file = input
“Number of components” - choose “Spectrum of component 0 - give a very short “Name for component 0" -
choose the rest component(s) spectrum - give a Name of fit parameter file - result is displayed in buffers - save

spectra by 2> Write 2> AXIS

B 2Xi52000 16 Feb 2018

Read || Write | Zoom | Filter || Images  Stacks | Linescans | Spectra || Display || Utilities

Exit | Quit || Ximage\iewer = Mexus File Viewer Help

401.00
Y 0.0009747%
Z 00023874

Axes Zines [ Symbols Bar

Gamma ¢ > | 1.00

— O

Reset colors | Copy Buffer | Clear Buffer

ONEUAY

x

Output of Curve Stack Fit / SVD
® Buffer 1: the original sample spectrum

M_comelati ~
chisq

ion = (1954000
uare = 0.00163000
Fit compenents
N2 0.161000
NCNT 0.630000
const  -0.00500000

® Buffer 2: fitting coefficient times reference spectrum
of Component O, i.e. N2 spectrum

0 residual of fit

[0 1 A0g1112001al

[ 2 161331 " N2

[] 3 0.650077 * NCNT
[J4 -0.00929919 consta nt
[ 5 FIT of ADS11120012-al
[ 6 empty

17 empty

0.0210

00108

425,

395.

XI I<I )
~

[ 8 empty
19 empty

® Buffer 3: fitting coefficient times reference spectrum
of Component 1, i.e. NCNT spectrum

® Buffer 4: Constant (only for Stack Fit)
® Buffer 5: simulated fit spectrum

<
~ Canadian Centre canadien
- Light de rayonnement
Source synchrotron

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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Principles of STXM Quantitation

Beer’s Law T=1V/1,

OD = Abs. = In (1o/l) = upl
| OD: optical density

w: mass absorption coefficient

p. material density

|: thickness

Mass Absorption Coefficient for the Elements

Optimal STXM Sample Transmission:

0.1~1~2=0D =In (lo/l) = -In (T) = -In (90%~37%~14%

ATOMIC DATA AND NUCLEAR DATA TABLES 54, 181-342 (1993)

X-RAY INTERACTIONS: PHOTOABSORPTION, SCATTERING, TRANSMISSION,
AND REFLECTION AT E = 50-30,000 eV, Z = 1-92

B. L. HENKE.* E. M. GULLIKSON, and J. C. DAVIS

Center for X-Ray Optics
Lawrence Berkeley Laboratory
Berkeley, California 94720

The primary interactions of low-energy x rays within condensed matter, viz. photoabsorption

Optical Density per nm thickness

0.015

0.010

0.005

o
o
S
S

NEXAFS Linear PMMA

Absorbance i} *
Spectrum (nm-1) "
O -—

O

C5H802 density = 1.18 g/cm®
1 nm thickness

300 400 500
Photon Energy (eV)

and coherent scattering, have been desc r photon energies outside the absorption threshold

Calculated Elemental Mass
Absorption Coefficient for Compounds

ﬂ:%zxigi

N,: Avogadro’s number

M: molecular weight

X;: number of atom i

;. atomic photoabsorption cross section

THE BRIGHTEST LIGHT IN CANADA I Iightsource.ca
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s

Cross section (barns/atom)

Light

X-ray — Matter (Atomic) Interaction

Atomic Cross Section

X-ray Interaction with Carbon Atoms

10% T T TTTTIT] T T T TTTIIT]

Ry ! I ! l ' | ! | ' : > Carbon (C) 3
Photoabsorption 1 3 -

6| ° n ]
10 | -—:> i ]
i ] 0.01 .;— \‘ '\\ 1;1

104 L J.H. Hubbell et al. J. Phys. Ref. Data = \gp N 2s 3
9 (1980) 1023. 0_001— r il TR ETIT

10 100 1000
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102 g "9 Crot. oxperiment _ Atomic Scattering Factors
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axXi1s2000 — Utilities — Calculate X-ray Parameters (SF)

aXis2000 - Utilities - Calculate X-ray parameters (SF) - Formula, e.g. C 2 minimum energy = maximum energy
- transmission - density (g/cc), e.g. 2.16 (graphite) - thickness (um): 0.001 - click “Yes” to “Convert to OD” -
accept or update “Header for output file” > Write > AXIS - give a file name and save file

x
Y

d-X
d-r
d-R
d-Z

Exit || Quit || Ximage\Viewer

BF) aXis2000 16 Feb 2019

Read | Write | Zoom || Filter

173.05
00033415
Z 000055857

Pxes

= r
£ ooosl-

transm’

Mexus File Viewer

Images | Stacks | Linescans Spectra || Display || Utilities
Help
c dlg/fes) = 2.18 tnm) = 1.0 5F QD1

v Tl o

0.008 -

0.004 -

02 -

0,000

Gamma <

Zines  [] Symbols

» | 1.00

500
Enargy (=)

Bar

o
a
&

0.0116

-0.000145

699,

250.

XI I_(I ;
~

[T 0 empty

1C diglec)=2.16 thm)= 10 ¢

[ 2 empty
[ 3 empty
[ 4 empty
[ 5 empty
[ & empty
17 empty
[1 8 empty
[1 9 empty

~ Canadian Centre canadien
- Light de rayonnement
Source synchrotron

THE BRIGHTEST

LIGHT IN CA

NADA | lightsource.ca
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axXi1s2000 — Quantitative Scaling Reference Spectra

aXis2000 - Read - Spectra - AXIS - open a pure sample spectrum, i.e. MWCNT at Buffer 1, and a sf file for MWCNT
at Buffer 2 - click Buffer 1 - Spectra - Calibrate = Y = 1 point - click pre-edge baseline, and set “New Y” to zero -
Copy Buffer, and place it at Buffer 4 = click Buffer 2 and change the X display limits to 280 — 340 eV - Spectra -
Truncate, and click 280 and 340 eV positions - Copy Buffer, and place it to Buffer 5 - calibrate pre-edge to zero and
place it to Buffer 8 - click Buffer 4 &> Spectra - Gain - divide by 14 - Display - Over Plot > No Rescale, and
choose Buffer 8, until the spectrum and the sf file overlap in both pre-edge and post-edge - place the scaled spectrum to
Buffer 7 - check Buffer 5 pre-edge Y value, and use this value to calibrate Buffer 8 pre-edge Y value - place the
calibrated and scaled spectrum to Buffer 9 - Write =2 AXIS

) axis2000 16 Feb 2019

Process of Quantitative Scaling Reference Spectra
® Buffer 1: the original MWCNT sample spectrum

® Buffer 2: sf file of MWCNT, i.e. 1 nm thick elemental X-ray
absorption profile

® Buffer 4: pre-edge zeroed MWCNT sample spectrum

® Buffer 5: truncated sf file, i.e. 280-340 eV

® Buffer 7: pre-edge zeroed and scaled MWCNT spectrum
® Buffer 8: pre-edge zeroed and truncated sf file

( | ® Buffer 9: pre-edge calibrated and scaled MWCNT spectrum, i.e. 1
i& nm thick MWCNT NEXAFS spectrum

~ Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
- Light de rayonnement

Source synchrotron
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aXis2000 — Stacks — Quantitative Stack Fit / SVD

aXis2000 - Stacks - maps > Stack fit or SVD - select an aligned OD stack - click “No” for parameter file = input “# of
components (1-8)” - choose “Spectrum of component 07, i.e. 1 nm thick graphene spectrum - give a very short “Name
for component 0" - choose the rest component(s) spectrum, i.e. 1 nm thick MWCNT spectrum -> give a Name of fit
parameter file - then click “enters” for the rest default settings - result is saved and displayed in butters

) aXis2000 16 Feb 2019

Read | Write | Zoom | Filter | Images @ Stacks | Linescans Spectra || Display | Utilities

Exit || Quit | XimageViewer | Nexus File Viewer Help

Axes [FZines [ Symbols Bar

0 R=MWCNT SF A101115028a0d CI
[] 1 interp Graphene-c1s-1009230340d:
[ 2 interp 0906250260d 1-mwent-smooti
[ 3 Graphene SF A101115028a0d Cl {
[ 4 Graphene SF A101115028a0d
[] 5 MWCNT SF A101115028a0d
[ 6 MWCNT SF A101115028a0d CI -0.
[ 7 Graphene SF A101115028a0d CI
[ 8 constant SFA101115028a0d

1| [ 9 residuals SF A101115028a0d

Canadian Centre canadien
Light de rayonnement
Source synchrotron

%

Graphene SF A101115028a0d Cl —0.0017-5.1

MWCNT SF 4101115028ao0d Cl —0.017-56.

=151 nm

Graphene

MWCNT

[ 00168 | 0

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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Summary: Typical Measure & Analysis of a STXM Stack

MEASURE Typical Steps:
FIND A SUITABLE AREA

Check it has suitable properties (based on prior knowledge)

Measure stack maps (few images = few components) or stacks (good to look for surprises)

Check for damage

make sure you have a valid lo - measure at SAME TIME (2"9 area if needed)

Check energy calibration

ANALYSIS - STACKS
« Convert from raw data to a binary stack
« Align - Jacobsen stack analyze or Zimba
« Convertto OD
(best to use built-in lo; otherwise, measure lo (point or stack) just before or after)
* Inspect 2> Zimba
» Identify suitable reference spectra - external or internal
« Convert ref. spectrato OD1
* FIT - Singular Value Decomposition (SVD) versus Stack Fit (SF)
* Clean component maps (remove outliers)
« Display - non-rescale versus rescale RGB
« CHECK critical aspects: residuals, residual stacks; extract spectra of component-map-masked regions & fit to the reference
spectra & inspect QUALITY of FIT
« Perform Multivariate Statistical Analysis (PCA_GUI, Mantis) & compare

Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
Light de rayonnement
Source synchrotron

Courtesy A.P. Hitchcock
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Cryo-STXM Data Forma

HDF5 File: e.g. C190126021.hdf5,
Scans, STXM, and Beamline settings

HF HDFView 2,13
Eile Yindow Jooks Help

2 €anm

Recent Files

CAD ata\ S TM-demoCryo-STAMC 190126021 hdfS

|v

Clear Text

C100126021 hatS
T eninyd
o € coeciion
@ control
B data
& energy

¢ W counte

B data
B energy

B stoves

) definition
K end_sme
W instrument

= epu

% G4 source
¢ @l sample
B starl_Sma

i titie

M version

B epu_omset

B epu_polarization
B sample_x

B sampie_y

B count_time

B epu_ofiset

B epu_polarzaton
B sample_x

B sample_y

[l stern_scan_type

4 counter)
%= (24 monochromator

&4 sample_x
& g sampla_y

o & zonepiaie

B rotation_angle

| Bh cata at eniryicounterty [C1801260210085 in CIDMASTRM-demalCiyo-STHM]

-
o @

e ]| |KRlR)o R |

O-based

o 2 3 4 5
o 1487.0 1615.0 1540.0 1520.0 1617.0 1605.0

| L]
1614.0

T
15850 |

data (656408, 2)
32-bil Noatirng-pont,

1x 100 x 100

Mumber of aliribules = 2
NEX_dass = NX_MNUMBER

Loginte | Metadata |

(K] IR D

Canadian Centre canadien

Light
Source

de rayonnement
synchrotron

Image Preview File:
e.g. C190126021.jpg

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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axXis2000 — Read Cryo-STXM Images

) Read MeXus HOFS files

[; M- &00m&4 eamplay fum}

fum)  E = 700000 &

396 3920 3922 3924 3924

dw

Pt

Path |c:xDatax5Tdeemaxcwu-5Txmx |

File [C150126021 || Browse
Type |sample image | Cancel QK
[] Preview @rm value (mA)|< @gume WSTD

Start time Blapzed time (=) Data time {s}- Efficiency {3;]-
Energy {e"u’} Dhwell time {ms} Polarization

Reset: clear loaded image and information

1 image: read an image from a selected photon energy for a stack
I-ring norm?: normalization to I-ring

| ring_norm_value: CLS 220 mA

NEXUS source: CLS pySTXM
Flip image: flip image up and down

Channel: select data channel if more than one detector is used

® Region: select sample region if more than one image region is defined

Canadian Centre canadien

Light
Source

de rayonnement
synchrotron

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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axXis2000 — Read Cryo-STXM Point Spectra

) Read MeXus HDFS files b4

Path |C:'-.Data'-.STXM-demo'-.Cryo-STX\M'-. |

File |c1 30126017 | Browse Reset

Type |sam|:u|e point spectrum | 1image Cancel OK

g iow ? A L4 2 i 2200 Dy pyYSTHM >
] Preview 7 Hing nom ? \_ring_nom_value {mA) N 5 source

Oxycomect 2 [Jfipimage  Channel | counterd Region |3l regions

Start time Elapsed time [s} Data time [s}- Efficiency (%
Energy [e\-’}l:| Dwell time [ms}- PDIan’zaﬁon

540 S50 SED

aXis2000 16 Feb 2019 - O X
. N 0 t e . eve n Se | eCt al I re IO nS O n I O n e Read || Write || Zoom || Filter || Images  Stacks | Linescans | Spectra | Display || Utilities =
" g 1 y Ex || Quit || XimageViewer | | Nexus File Viewer || Help Reset colors | | Copy Buffer || Clear Buffer
spectrum can be loaded into aXis2000
S e e AREm
Z5x108-
£ zoxi08f
2 L Sample poirt spectrum with 100 poirts A
e [ read from C190126017 hdf5. Dwell
[ =500.00 ms
% Sample poirt spectrum with 100 points
i) read from C190126017 hdf5. Dwell
g 1.6:10°F =500.00 ms
i L
| [ v
= L
L 1 0 empty
102107 1 C180126017hdf5 counterd
L [ 2 empty
L [ 3 empty
50010t W4 ey
I T A B I AR AT AR 15 empty
525 530 538 540 545 SEC 555 153
Point+= Enargy (s%) Dwsll = S00.00 ma [ & empty
[0 7 empty
X 51370
Y 26050600 2'539"3[)5 L1 8 empty
2 27942E+005
i 4.00e+004 L1 ompty
dX
4y P 5
4R
4z 560,
X
Flaxes [Zdnes [JSymbols [ Bar
i i Gamma ¢ 3 | 1.00 .
Canadian Centre canadien *| | lightsource.ca
Light de rayonnement g D

Source synchrotron



aXi1s2000 — Read Cryo-STXM Stacks

¥ Read NeXus HDF5 files

H — 220 mA  anargy {um}
m
&
£

ay (urm) E = 525000 &

39148 302 3922 3924 FH2E

dw

Path |C:'-.Data'-.STXM-demo'-.Cryo-STXM'-.C‘I 90126022\ |

File: |C15D125D22 | Browse Reset

hl us sou

Channel |GoUnterd v | pegion | Region 1 % | 50 2| 525.00

l4ing nom # YR _ring_nom_value [mA}

Preview

Cuy comect ? [ flip image
Start time Elapsed time [s} Data time [s} Efficiency [3';}
Energy (V)| 525.00 | Dwelltime (ms)| 1.00

| Polarization | 0.00 |

® Compile raw Cryo-STXM stack data:
aXis2000 - Read - STXM (NeXus)

® Other steps are the same as Ambient-STXM

Canadian Centre canadien

Light
Source

de rayonnement
synchrotron

) stack Process: C190126022

Display min, max: |s?.nn ||2524.DD |

Gamma: Colors | | Rescale

|:< yscale

X: min,max: [0.00 |[10.00
Y2 min, max: |D.DD || 10.00 | Zoom | | Reset
E: min, max: |525-DD ||555.DD | E.l-scale
I min, max: |D.75- ”1.31 | Feset
Movie () Play (®) Stop () Pause//Step
C190126022 525.00eV 1.00 msec A
C190126022 525.50eV  1.00 msec
C150126022 526.00eV 1.00 msec v
I: &l | Add | region || pixel Reszet map

ROl file despike | | remove bad lines
10: |file  Add | region || pixel Reset remove image

-0D convert 0D -» |4

change energies

Tdy= | transmission

avg stack median smooth || E_cal

process | select command ~ | | XY calibrate | | change XY axes

Path |C:'-.Data'-.STXM-demo'-.Cryo-STXM'-.C‘I5|

Name: |c1 90126022 |

Spectrum "td" || Region "roi" | | Imagels) || Rotate 30

Image "png” || Movie "m.gf" || Stack "ncb”

Dismiss

b33

Cpticol Density

00 e¥

IDL Slicer || IDL Slicer3

lo

2 micro

520 830 Sa0 580 S8z 5T
av

NEXAFS Spectrum

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca

58



STXM-Ptychography

Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
Light de rayonnement

Source synchrotron
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Coherent Diffractive Imaging (CDI)

. WA
Resolution: o, = s

Diffraction
pattern

I =|F@)I?
Y(r) = P(r)0(r)

. P(r): Probe function
O(r): Complex object function

-
a0
S

Coherent X-ray probe

e
R
-
e
-

e
~
-
e
-
-
Sw
-

Exit wave field

l/} (T‘) =F (T‘) 0 (T‘) Detector

Complex Refractive Index: n =1 —§ — i = 1 — ad*(fy+if,)
Complex Wavefield of Light: P(r) = Ae'*t

Complex Object Function: 0(r) = elknt = oik(1=8-if)t — kBt y o—ikét

] ,’/
' Field of view -
: p

Absorption: |0(r)| = e~kBt

Canadian Centre canadien
Light de rayonnement
Source synchrotron

Phase: Arg{O(r)} = —két

Diffraction Pattern: Fourier Transform of
Product of Probe and Object. Inverse Fourier
Transform and Phase Retrieval to solve Object.

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca

J. Miao et al. Nature 400 (1999) 342.
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From Conventional STXM to STXM-Ptychography

Zone Plate OSA Sample CCD

(raster scanned)

wl e &
N
VRS2 iy Sy e
w oA sl
-“:;’ et o
L) ] .
L AR N TR
o :
J - oL
.
A
% . \
I ~ .
. 2
Ny N
e \\
-, v e
™4 Sl
IRLY | 3
O | |
L o Jinty
' '
“
!

PMT

Conventional STXM STXM-Ptychography
® Sample in-focus ® Sample in-focus or out-of-focus
® Point (OD) detector: Scintillator+PMT or PD ® 2D detector: X-ray CCD

. ‘ - _ .
e Real-space images Reciprocal-space images

® \Wavelength limited spatial resolution

® Diffraction/spot size limited spatial (1 - 2 nm by soft X-rays)

resolution (1.22*Ar_: ~30 nm S
( : ) ® Large computation in data process

Canadian Centre canadien
Light de rayonnement
Source synchrotron

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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CLS-SM STXM Instrumentation Development Highlights

— STXM-Ptychography
Ambient-STXM Cryo-STXM

113 3x83.3 mm?, | pI-MTE CCD: 27. 6X; 76 mm?2, 2048x2048

MM pixel size, p|xels 13.5 um p' € S p|xe| well depth
000 1 fps i

Greateyes® UHV CCD

e 27.6 x 27.6 mm2, 2048 x 2048 pixels, 13 pm plxell
e Pixel WeII Depth-(e): 200000

o Pixel Frequency 500 KHz = WH

16243(1024 pixels, 1
pixel well depth (e) 1

Tucsen SCMOS 22. 5x22 5 mm2 2048x2048 pixels,
11 pm pixel size=pixel well depth (e”) 90000; 23 fps ~

Goal: sub-10 nm spatial resolution
Cryo-Spectro-Ptycho-Tomography !

_ Diffraction from Au/Pd Future AXIS-SXR: 4 MPixel
E!%? cana dian Centre canadien ' nanoparticles captured Soft X-ray sSCMOS camera

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
Light de rayonnement by sCMOS j ) | tig
Source synchrotron
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Recent STXM Spectro-Ptychography of LIB Cathode

Conventional STXM STXM- Ptychography

A200226008  PMT iter_38C_amp.tif Mx 0.00 My 0.0G CI O 013 1.3 iter_38C_pha.tif Mx 0.00 My 0.00 Cl -0.91-2.9
657 § i T L TRt

-  ( ) * A- E ‘
< ‘.

Pixels: 300 x 300 Pixels: 2426 x 2426
Resolution: ~40 nm Resolution:; ~8 nm

Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
Light de rayonnement
Source synchrotron
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Recent STXM Spectro-Ptychography of LIB Cathode

Spatial Resolution: ~8 nm

~ Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
- Light de rayonnement
Source synchrotron




Recent STXM Spectro-Ptychography of LIB Cathode

686 eV 686.5 687.5 688 688.5

N £ . Wb W

689 689.5 690.5 691 691.5

" LiF spectru
. "t STXM-Ptychography

693.5 694

.« %




PyPIE — Single Energy Data Reconstruction

¢ PyPIEV3.3.0 - X

File Format Hardware Settings Calculation

59 Open.. Ctrd+0

£l Image Viewer Ctri+|
@au«m s> | 1. Set root directory

5 ResetAll Alt+" lOSfItS

& Reset Root path Alt+.

@ Help Ctrl+H ychography

E  Exit Alt+F4

2. Select a data file (*.fits),

*bg* file auto detected
C:/Usersfwangj.CORP/Desktop/STXM-data-analysis-webinar-4Dec2020/ ad | >

Data Folder

400 '+ 20000 > STXM-Ptychography/Andor-CCD-data/A200905105/A200905105. fits
5
600 15000 £ Energy  [353.2 Colum |16 ColStep  [0.25
10000 SpotSze  |1.25 | Rownum (16 | Rowstep  [0.25 y
800
5000 Col Center 458 Row Center }—530 ker Number 3_1000 '
"
1000 Single Energy Stack Analysis D o
0 200 400 600 800 1000 Extra Cfg .
View Port =
@ Start 0 Stop
Load .hdr

D

3. Select the data file (*.fits)

Show | /Users/wang).CORP/Desktop/STXM-data-analysis-
febinar-4ec2020/STXM-Ptychography/Andor-CCD-data/

4 I')iqlnlay the file

*Software name : PyPIE

*Version : 3.3.0 *

*Author : Tianxiao Sun, and Jian \Wang

'Descrobon PyPIE is a python software for Ptychography analysis.
Operated by SM beamline, Canadian Light Source Inc. »

2020-12-03 10:30:45 Root directory has been set to: C: Usersfwang). CORP Desktop /STXM-data-analysis-webinar-4Dec20 20 /STXM-Ptychography/Andor-CCD-data/A200905105

Set a root workspace.

Canadian Centre canadien
Light de rayonnement
Source synchrotron

PYPIEV33.0 - X

Calculation

File

Format Hardware Settings

5. Click-drag to zoom the zone plate center region,
or click the double-arrow for additional options,
7 hrass ity

A200905105.fits

30000
25000
Data Folder C/Users/x\ang) CORP;/Desktop/STXM-data-analysis-webinar-4Dec2020/ "J

20000 > STXM-Ptychoaraphy/Andor-CCD-data/A200905105/4200905105. fits e

2

] — _—
15000 g Energy  [853.2 | colum |16 Colstep  [0.25

e

10000 Spot Size 1.25 ‘ Row Num |16 Row Step 10.25
5000 <;ICemer |s15 | Row center |s23 >Ilnumbe.’ 1000

More
Single Energy Stack Analysis []

8. Update the center pixel positione«—<s

View Port 2

@ start © stop

C: Users/wangj.CORP/Desktop/STXM-data-analysis- Load .hdr

~
Show
webinar-4Dec2020/STXM-Ptychography/Andor -CCD-data/ v

*Software name : PyPIE

*Version : 3,3.0

*Author : Tianxiao Sun, and Jian \Wang

"Oes.muon PyPIE is & python software for Ptychography analysis.
Operated by SM beamline, Canadian Light Source Inc.

2020-12-03 10:30:45 Root directory has been set to: C: Users/wang). CORPDesktop /STXM-data-analy binar-4Dec20 20/STXM-Ptychography/Andor-CCD-data/A200905105

* State: Read! X: 515.3335356981379 Y: 523.3104012304565_gF678 image size: 10241024
eeS———

PyPIE(v3.3.0)

7. Center pixel position displayed here

THE BRIGHTEST LIGHT IN CANADA I Iightsource.ca
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PyPIE — Single Energy Data Reconstruction

W PyPIEV3.3.0 | = pyPIEV330 ? X
File Format Hardware Settings Calculation A
ndor CCD
w € Extra configuration
cat el o I?EEII | detta r ISS |
A200905105.fits D | o |
binning [2 | d_ced I?EI} |
cedpiel Iu | d_sd 15'9.9 |
= PyPIEV330 7 oX 2 ; ; ; " ]
| I%%"i'iv’m“ﬁ’mﬁﬂfé’i}:ﬁ SvansioS ARSI e v] d_z [20 | dzin [ss |
G
] @ Note: GE CCD pixel: 13.5 pm, d_sd: 59.5 mm; zone plate information
Reconstruction Mode k] U z
ot wsn and fonible = Enerey Coljum ColStep and size of the CCD data for reconstruction can be changed.
Spot Size 1.25 Row Num Row Step | 0K I Cancel
Opton Cocoer  [5_ | RowCener  [53 Gomer [0 D
ePIE Single Energy Stack Analysis [] ore 11. Check the extra configuration file
:
9. Check here for single energy it _ _ _
T 14. Click the View Port to check reconstruction result;
Mm-ePIE © stop . .. . .
] [ reconstruction finishes at the set iteration number, default 1000.
Shq - i 6 :
12. Start reconstruction " ! :
| ( Me-oPIE :’D . 10. Load the STXM *.hdr file| view Port
...... = . AN ae - ae -
13. Select the Ms-ePIE o Aot
mode or ePIE mode < 3. 853.2eV Amp image - 15 times &Y 853.2eV Phase image - 15 times 20 490,
. ﬁ—“ o

x *

2020-12-03 10:30:45 Root directory has been set to: C: sersfwang). CORP Desktop/STXM-data-analysis-webinar-4Dec20 20/STXM-Ptychography/Andor-CCD-data /A 200905105

Note: watch the messages shown here

PyPIE(v3.3.0) * State: Ready.  X: 515.3335356981379 Y: 523.3104012304565 Z: 678 image size: 10241024

50 100 150 200 250 2

Canadian Centre canadien
Light de rayonnement
Source synchrotron o



PyPIE — Reconstruction Output

2 1= | 8532 - o X

“ Home Share View [} 9

¢ v « STXM-Ptychography > Andor-CCD-data > A200905105 > Analysis Data > 20201203_1317 > 853.2 v O | Search8532 pe | Reconstruction_Information.txt - Notepad - O *

File Edit Format View Help

3 Quick access

B Desktop ‘ A Reconstruction Mode: Master-slave Mode e-PIE
¥ Downloads * n - e n . - n = X- ray EI"IEI"'g}’: 853.2
B Documents —— ‘ ' _ A _ A A L — Spot S5ize: 1.25
o Pictisres - iter_l.csv iter_1_amp.tif iter_2.cov iter_2_amp.tif iter_2_pha.tif iter_3.csv iter_3_amp.tif Column Mumber: 16
A200729031-stack o £ Row Number: 16
A200830012 n i - u v ot u Column Step: @.25
A200905105 ——— C C Row Step: .25
AZDR05105 iter_d.csv iter_4_amp.tif iter_4_pha.tif iter_S.csv iter_5_amp.tif iter_5_pha.tif iter_20.csv Column Center: 514
@ OneDrive R “ i Row Center: 522
T n ;o At first Cut the Column to: 760
- - " At first Cut the Row to: 768
o e ' -. Then Binning number is: 2
iter_20_amp.tif iter_20_pha.tif iter_40.csv iter_40_amp.tif iter_40_pha.tif offset_probe.tif Pattern. tif probe_abs.tif cc dFliKE 1: 13.8
d_zp: -248
delta r: 35.8
A\ ap_rand: 2.0
robe_angle.tif probe_real.tif Reconstruction | Ij_-l'_l:d . 768
nformation.txt d_EdI CO.9
0 _Z Pt 8
Note: reconstruction images and other files are saved at the raw data directory under the object pixel: §.8281912841581
Analysis_Data folder and its sub time-tag folders and energy folders.
Ln 20, Col 32 100%  Windows (CRLF) UTF-8

Note: object pixel size times total reconstructed pixels in each
J7items  1item selected 425 bytes ::[] dimension to produce the actual physical size. But sometimes the
object pixel size is half of the actual size due to data binning.
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PyPIE — Stack Data Reconstruction

PYPIEv3.3.0 — X

File Format Hardware Settings Calculation

€

A200729031.fits

0
30000
200
25000
400 Data Folder C: [Users/wang).CORP Dasktop/STXM-data-analysis-webinar-4Dec2020/ 0
20000 > STXM-Ptychography/Andor-CCD-data/A200729031-stack /420072903 1.fits
600 15000 g Energy 853.2 Col Num {10 1 Col Step ﬁ_.lé |
. 10000 S S| 1.0 | rownEQr 8tack, chetk$ereand |

Col Center 508 | Row Cenlglicki_gex of 1tllfn‘u£l9ht-

5000 100
0 Single Energy [] Stack Analysis n: Mots
0 200 400 600 800 1000 i

View Port =2

& start 0 Stop

Show ‘ C:/Usersfwangj.CORP/Desktop/STXM-data-analysis- N1 Load .hdr
| webinar-4Dec2020/STXM-Ptychography/Andor-CCD-data/ v

| 2020-12-03 11:52:29 The number of current iterations is :34 n 853.2eV
‘ - And the error ts : 0.4333785401019878

 2020-12-03 11:53:04 The number of current iterations is :35 in 853.2eV
- And the error is : 0,.4331132298308065

| 2020-12-03 11:53:40 The number of current iterations is :35 in 853.2eV
- And the error is : 0.4326711812496582

| 2020-12-03 11:53:56 Preparing to stop program...

|
| 2020-12-03 11:53:56 Program stopped.

\
| 2020-12-03 11:54:19 Root directory has been set to: C:/Usersfwangj. CORP/Desktop /[STXM-data-analysis-webinar -4Dec20 20/STXM-Ptychography/Andor -CCD-data/A200729031-stack v

PyPIE(v3.3.0) * State: Ready. X: None Y: None Z: None image size: 1024*1024

Canadian Centre canadien
Light de rayonnement
Source synchrotron

PYPIEV3.3.0

Stack Analysis Configurator

Start Image D Segement 1 B

[ Appendix Fies |2 s | Total E ¥

reconstruction.

Start Energy(eV) End Energy(eV) Energy Step(eV) Kwanm Number Q
1 |ess | |98 llos [200

Note: If the energies are evenly distributed, you will see
the energy information in the configurator automatically;
otherwise, click Load Definition. Finally, you can change
the iteration number for a quick analysis or a high-quality

Note: reconstruction images and other information files are saved at the

raw data directory under the Analysis_Data folder and its sub time-

tag folders and energy folders.
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“ PyPIEv3.3.0

@rmat Hardware Settings Calculation

a€

A200905105.fits

400

450

PyPIE — Other Useful Functions

50 20000 >
w
[ —
15000 2
550 =
10000
600
5000

400 450 500 550 600 650

show | C:/Users/wangj.CORP/Desktop/STXM-data-analysis-
webinar-4Dec2020/STXM-Ptychography/Andor-CCD-data/

- X

C:/Users/wangj.CORP/De:

Data Folder |
STYXM-Ptychography/Andor-C

M-data-analysis-webinar-40ec2020/ 2
A200905105/A200905105. fits N

Energy  |853.2 | CcolNum
Spot Size 1.25 Row Num
Col Center ‘515 | Row Center

Single Energy

o Start

|16

\

523 ker Number

Stack Analysis D

o Stop

Col Step

0.25

More

Extra Cfg O
View Port =
Load .hdr =

*Software name : PyPIE

*ersion : 3,3.0 *
*Author : Tianxiao Sun, and Jian \Wang

*Description : PyPIE is a python software for Ptychography analysis.
¥ Operated by SM beamline, Canadian Light Source Inc.

2020-12-03 10:30:45 Root directory has been set to: C: Usersfwang). CORP Desktop/STXM-data-analysis-webinar-4Dec20 20 /STXM-Ptychography/Andor-CCD-data/A 200905105

PyPIE(v3.3.0) * State: Ready.

X: 515.3335356981379 Y: 523.3104012304565 Z: 678 image size: 1024*1024

[£9 Open.. Ctr+Q
£l Image Viewer Ctrl+
. &) Root directory Ctrl+,
— File o Reetm Al+*
51 Reset Root path Alt+.
& Help Ctri+H
& Exit Alt+F4
Y  Convert Fits 2 Tif Ctrl+3
FO rm a.t ¥, Convert Tif 2 Fits Crl+d
= Convert Tif 2 Tiff Chrl+5
&, CCDtype P+ Andor Camera
T CCD customize L4 Greateyes Camera
Hardware
&, CCDtype 2
13 CCD customize L Flipud
Fliplr
Rot30
Rot180
Rot270
Path¥ reverse
PathY reverse

Probe phase reverse

Settings L Datafile format b |+ Reconstruct in Fits

Reconstruct in Tiff

Canadian Centre canadien
Light de rayonnement
Source synchrotron

- Calculation m

Image Calculator Ctrl+ 4 |
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PyPIE — Other Useful Functions

= PyPIEV3.3.0

Image Calculator

“ 6 . Thumbnail
3 1.0
PyPIE Analysis 5 0.8
0.6
1 0.4
Fo 0.2
o 2
z 0.0
= 0.00 0.25 050 075 100
=1 O img1 [ img2 M imga [ backup
Calculator
0 100 200 |Mone ~|[ 1 *imgt [Mutiply | |Nene o 1 * img2 = img3 m
=3 Adjust
MaxMin cB ] Feature ] merphology
-
X: None Y None Z: None image size; 2837283
Correlation Analysis
|
Img1 less & mg2 more: ' “® calculate ]
— - -
Img1 & img2 both more =® Calculate
Contentof imgl in img182(mg2area) | Calculate = Process
(2] Gaussian | [H] impluse | | High pass | [ Low pass ] smoothing Bilateral
11 Flipud | = Flipir | [ ) Rotg0 |  Rot(-90) = Undo o Redo
O Reset | @ Save | | B Save as | < Exit o Ccrop gray v
Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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axXis2000 — Generating Ptycho Stacks

Convert a set of tif files to a stack starting from ptycho images reconstructed by PyPIE or
SHARRP (extracted from from the *.cgi file using e.g. recon_result_grey.py, on CLS-SM-
ptycho workstation)

1. ) Read ~ Images ~ G'raphics ~ tiff ~ data 6. Do the above for each tif file in the stack E:\data\XRM\Soleil\2019\19-861\06-17130"
(aXis200~Zoom, Numerical cut) 5530_1.axb
. $530_2.axb

7. Prepare a *.sl (stack list file)

2. Images~set xy scale —.] 2222—3 .axE
(Use Images ~ Modify X,Y aXes, use MV1_CL_b6-AMPHif )z 5530 5. axb
object pixel to scale to the image . $536_6.axb
default pixel size of 1um/pixel) 8. Stacks ~ Analyze ~ stack list input $538_7.axb

5$530_8.axb

9. Write out as a stack (*.dat, *.ncb) 2222—2;:2.3

5538 11.axb

3. Utilities ~ change energy
10. Process as required (alignment, convert to OD, etc, etc)
4. Utilities ~ change dwell

Make sure all images have the same pixel # ! If not, Utilities
~ Change mesh

MV1_CL_b6-AMP_001.axb

5 Write~axis

Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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