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- efficient and effective analysis ever experienced -
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Preface

Ctrl+Q is the first comprehensive data-analysis code
for SR-XPS and XAS working on Windows Office Excel
2007 or later. Mac Excel 2016 works great now.

Ctrl+Q will analyze the data by just pressing the
shortcut key: Ctrl + q.

It works great in publication quality.

— Carbon, JPAP, ASS, ACS AMI, SAB, RCS Adv. etc. from the
data obtained at BL3.2Ua and 5.3 in SPL

GitHub: xps-excel-macro for updated info.

heitler / xps-excel-macro @ Watch~ 0 & Star 0  ¥Fork 0

<> Code lssues 0 Pull requests o Wiki Pulse Graphs Settings

The VBA codes to be pasted in the personal macro workbook (Personal xlsb) in Windows Office Excel 2007 - 2016 Visual Basic Editor (VBE)
work with Solver for spectral analysis and curve fitting of the synchrotron-based soft x-ray photoemission (XPS) and absaorption (XAS) spectra
— Edit



Data preparation

A B .
| [KEfeV_lscan#1 - Two-column data in the spreadsheet format are
2 496 19.69872 .
3 | 496.1 17.95129 analyzed in the code.
4 496.2 19.18263 . .
5 496.3 18.03784 - Worksheet is named after workbook filename.
b 496.4 19.03867 . .
7 496.5 18.80417 - Syntax in Al cell corresponds to the following.

- ISO (VAMAS) format is also acceptable.

nnnnnnnnnnnnnnnnnnnnnnn

KE/eV KE XPS
Once you prepared data in format, you BE/eV BE XPS
can start analyzing all data from blank PE/eV PE XAS
Excel window by Ctrl + q.
GE/eV PE G scan
S - AE/eV EE Auger
crl B 8 Q QE/eV mass Q-mass

ME/eV Position Any




Installation of the code in Excel

Generate Personal Workbook Macro
Install Solver Add-in and setup its DLL
Setup the Shortcut key in Macro Option

Macro name:
PERSOMAL . XLSBICLAM2

Shortout key:

Ctrl+[q |

Compile your own database for BE and sensitivities on UD.x|sx

XPS worksheet AES worksheet
A B C D A B C D
1 Element  Orbit BE(eV) ASF 1 Element Auger KE(eV) RSF
2 |C 1s 284.6 1 2 |C KLL 266 0.6
3 0 15 532 2.93 3 0 KLL S06 0.96




Cls sample csv or txt

Mame “ Date modified Type | Size I A B
E Cls_sample.csv (27/2016 4:54 PM wluFATAAURIELATE. .. 1 KEJ." e‘u’ PE : 6[}[} e‘u’
o 2 290 1709
@Ed‘t e gl 3 290.1 1798
& compre:o Adab _:Z: - - 290.2 1845 p N p N
£ Convert to Adobe PDF and EMail 5 290.3 1722 c I
e 6 2904 1729 tr Q
oo or v 7 2005 1699 . _ . )
Open with LibreOffice Calc 8 290.6 1727
Restore previous versions Microsoft Office Excel 9 290.7 1693
Send to 4 '_%Notepad 10 2908 16’4?
27 WordPad
cut 11 290.9 1684
Copy Choose default program... 19 201 165G

Manual input mode 7| x|
* Input a photon energy [eV] or cancel to switch AES mode
N

600 eV of photon energy

Input atomic elements ed |

Example:C,0,Co,etc ... without space!

XPS: Carbon 1s spectrum o

Ok I Cancel |




Sample file with multiple scans

Mame =

| Date modifie

d |T‘5|'DE

| size

% Aud_sample. cav
654 C1s_sample. csv

12702016 5
Open
Print
Edit
I3 Compress to "Au4f_sample.zip”™

f4 Convert to Adobe PDF
# Convert to Adobe PDF and EMail

[ Edit with Motepad++

¥ Scan for viruses

Open with
Restore previous versions

Send to K

LibreQffice Calc

:05PM
t 54 PM

o ]
wluAIfAURIELATE. ..

Cut
Copy

Choose default program...

Create shortout
Delete
Rename

Properties

Eﬁg ] = N
— Home Insert Page Layout Formulas Data Review View Developer
gttt Tahoma -1l - A A= =8| | SfWrap Text
53 Co —
Pavste ¥ Fo#Pglter B I Q#?:?:E [[ < = é =| -#%HE?.—?- =34 Merge & Cent
Clipboard (F] Font (F] Alignment
AL ~( £ | KEfev
A B C D E F G b
1 JKE/eV 110904_1€KE/eV 110904_1gKE/eV 110904_1k KE/eV 11091
2 496 609 496 68 496 72 496
3 496.1 553 496.1 66l 496.1 68 496.1
4 2 1 6.2 53 96.2 64 496.2
5 6.3 54 6.3 645 96.3 66 496.3
6 496.4 589 496.4 659 496.4 69 496.4
Ctrl Q
Marne * I Date I Type
ol B B s T T Il WP U W e 1Y b P ol ] Y
|| 110904_1625_1.txt PR x|

- Download Au4f sample.csv including 100 spectra.

- Open it with Excel as shown above.
- Export 100 text files by shortcut keys: Crtl+Q.

| 110904_1625_2.txt
| 110904_1625_3.txt
|| 110904_1625_4. txt
|| 110904_1625_5.txt
| 110904_1625_6.txt
| 110904_1625_7.txt
|| 110904_1625_8.txt
|| 110904_1625_9.txt
| 110904_1625_10.txt

11Mmand 1675 11 vt

! . Datawere exported in the text files.

&/17/2015 1:29 PM
&/17/2016 1:29 PM
&/17/2015 1:29 FM
&/17/2016 1:29 FM
&/17/2016 1:29 PM
aM7Fan1s 199 ppa

TXT File
TXT File
TXT File
TXT File
TXT File
T%T Fil=



Sample file includes single data

Mame =

B 110904 1625 1.txt

110904_1625_2.txt
110904_1625_3.txt
110904_1625_4.txt
110904_1625_5.txt
110904 _1625_6.txt
110904_1625_7.txt
110904_1625_8.txt
110904_1625_9.txt
110904_1625_10.txt
110904_1625_11.txt
110904_1625_12.txt
110904_1625_13.txt
110304_1625_14.txt
110904 _1625_15.txt
110904_1625_16.txt
110904_1625_17.txt

11Man4 1A75 18 twt

| Date modified | Type | Size
7272016 5:12 PM
Open [XT File 3KB
Edit .
& Compress to "110904_1625_1.7ip" [XT File KB
[XT File JKB
5 Convert to Adobe PDF _
% Combine supported files in Acrobat... T File 3KB
» MXT File 3KB
[ Edit with Notepad ++
[XT File JKB
¥, Scan for viruses T File 3KB
Open with [ Adobe Tlustrator C56
Restore previous versions LibreOffice Calc
A .
Send to @ LibreOffice Writer
ﬁ Mery
Cut {8 Microsoft Office Excel
Copy ijutepad
Create shortout gNntepad ++: a free (GMU) source co
Delete E, WordPad
s Choose default program...
FLElE T File 3KB
TIF7IN1A 517 BM TYT Fil= TKR

e
,_L.:,'-DCO“-JU‘ILH-E-WMI—‘

ok
o

A
eV 1110904_1¢
496 609
496.1 553
496.2 591
496.3 554
496.4 589
496.5 576
496.6 602
496.7 587
496.8 576
496.9 608



Single data to plot in Graph sheet

B

e KE/eV represents a kinetic energy scale.
c Q
e 21
Input a photon energy [eV] or cancel to switch AES mode
600 eV of photon energy ) =
Ok I Cancel |
. Example:C,0,Cao,etc ... without space!
Sample: Gold metal foil p W
Ok I Cancel |
Note that Au4f sensitivity is not in database, so you have to input factors in database in a way below.
A B C D
Au 4f BE and ASF i |Element Orbt  BE(eV) ASF
] 2 C 1s 284.6 1
in XPS worksheet on UD.xlsx } 3 0 Is 532 293
4 Au 4f5/2 87.6 7.54
5 Au 4f7/2 84 9.58



Graph sheet

1 0 lines/mm
Adjustable factors : Taev o
- PE: photon energy (eV) ’ 01ev ; ] L\\D
- WF: work function (4) o ' 5 s Y |
- Char: Charging shift (0) B i w9 o5 ., ‘/! BE plot
2 AR e
Y axis Y
-_— 496.7 99.3 587 Binding energy (eV
- Offset: constant Hog M2 5 e
base line (0: default) _— e S A I A
- MU|tiP|EI mUItiple 110904_1625_1.xlsx /1\ aids sz .
normalized factor (1) T - ] A F

222 496.1 96.9 553

Intensity {arb. units)

223 49.2 9.8" 591 H’ \./
224 496.3 9%.7" 554 1118 :
225 496.4 96.6" 589 _/ i
Change Char to 3, and update by 22 #6:  %6 5% » bean
227 496.6 %.47 602 \\
™ ™ 228 4967 963" 587 -
Ctrl = = Q 229 496.8 9.2" 576 18 T

\ - \ 495'1 AI'UBB 500 502 501;1 ;0!’; éDBI I51|Z;I I512I I511'-; I51!5
ot y Offset/multiple data in bottom Kinetic energy (eV)




Reference spectrum

Standard peak BE should be well-known and
assumed to be identical with exp.

Gratin 0 lines/mm
600 eV
4 eV
3 eV
496 eV
516 eV
0.1eV
1 times
Offset/mu 0 1
Ke BEN I
496 97 609
496.1 96.9 553
496.2 96.8 591
496.3 96.7 554
496.4 96.6 589
496.5 96.5 576
496.6 96.4 602
496.7 96.3 587
496.8 96.2 576

Intensity [arb. units)

2618

2118

1618

1118

618 +-

118

——110904_1625_1xlsx |

e

N

96 94 az a0

Binding energy (eV)

BB

BB

B4

B2 B0 78 76

Next, apply these factors to another by

“debug” in Al cell then

Elole|No v |bjwinf=

B C
0 lines/mm
600 eV
4 eV
3 eV
496 eV
516 eV
0.1 eV
1 times
0 1
In



blank Excel window

Multiple-file selection

Mame = | Type | Size

crl L Q

- _CLAMZ = sample 2016 1:29 PM
@ 110904_1625_1.xlsx 6/17/2016 1:55 FPM weiugu Microsoft O... 53KB
|| 110904_1625_2. txt 6/17/2016 1:29FM THT File 3KB
- . T Size -
e e = b= hﬂ 110904 _1625_2.xlsx 6/17/2016 2:02 PM wriuau Microsoft O... 52 KB
= 110904_1625_1.txt 1:25 PM TXT File | 110904_1625_3.txt 6/17/2016 1:29 FM TXT File 3KB
[ Favorites - .
‘lﬂ 110904_1625_3 ulsx 6/17/2016 2:02 PM weiuau Microsoft Q. .. 12 KB
= Libraries | 110904_1625_4.txt 6/17/2016 1:29 PM TXT File IKB
3 Documents I-EIJ 110904_1625_4.xlsx 6/17/2016 2:02 PM weuau Microsoft O... 53KB
@/ Music | 110904 _1625_5.txt 6/17/2016 1:29 PM TXT File 3KB
Pictu 9 PM - .
s Pictures 5] 110904_1625_5.xlsx  6/17/2016 2:02PM winsu Microsoft O. .. 53KB
B videos 1:29 PM
128 oot || 110904_1625_6. txt 6/17/2016 1:29FM THT File 3KB
1M Computer @ 110904_1625_6.ulsx 6/17/2016 2:02 PM weiua1u Microsoft Q... 52 KB
i System (C:) ] 110904_1625_7.tut 6/17/2016 1:29 FPM THT File 3KEB
—a Local Disk (E:) = . . .
Loced Bk ) | 110904_1625_11.txt 6/17/2016 1:29 PM YT File 1KB ‘lﬂ 110904_1625_7 ulsx 6/17/2016 2:02 PM weiuau Microsoft Q. .. 52KB
—a - N
. Local Disk (G:) || 110904_1625_12.txt  &/17/2016 1:23 PM TXT File 3KB £ 110904 _1625_8.tut 6/17/2016 1:25 PM TXT File 3KB
— h b " ”
N eXt’ CO pa re t e S peCt ra y CO m p I n D 1 + Local Disk (F:) = BL3_technical = Excel_macro_CLAMZ ~ sample - lml I
A B C D
1 Gratin 0 lnes/mm |comE
2 600 eV ) )
3 4V Mame = Date modified Type | Size
4 3ev ] 110904_1625_1.3dsx 6/17/2016 206 PM  wriugvu Microsoft O, . 177KB
5 496 ev Ctrl Q
6 516 eV B 110904_1525
7 0.1eV B 110904
g Offset/mu ét'mes . Bl 110904 1525_4.5
10 Ke B~ i 110904_162
11 496 97 609 ﬁ 110904 _18 weiuau Micro
12 496.1 96.9 553 N , ,
13 494.2 96.8 591 ﬁ 110904_1625_ uruau Micro
14 496.3 96.7 554 Bl 110904 _15 wriua U Micro
15  49%.4  96.6 589 N
16 496.5 96.5 576
17 496.6 96.4 602 —
18 496.7 96.3 587 i3] sample. xlsx 6/17/2016 1:55PM wriuatu Microsoft ... 181 KB



(Ctrﬁ

“

“comp” in D4 cell

Compared spectra

0 ines/mm comp  110904_1625_2.xlsx 110904_1625_3.xlsx 110¢

496 97 609 anc = con Anc n e Anc

4961  96.9 553 49 4000

496.2 96.8 591 49 ' ' : '

4963 96,7 554 49, 3500 b ——110904_1625_1.xlsx

495.4 95.6 589 40 = 3000 | =——110904_1625 2.xlsx

496.5 96.5 576 49 = —110904 1625 3 .xlsx

496.6 956.4 602 49 ; 2500 1" ——110904_1625_4.xlsx

:gg; gg; 55,?; :g: % 2000 |- =——110904 1625 _5.xlsx

496.9 96.1 608 49 G y50p L. ——110904_1625_6.xlsx

497 96 584 4 é 1109041625 _7 xlsx

miom o om o om fee L

4973 957 543 49 00 | ——110204.1625 oulsx

497.4 95.6 576 49 0 + =110904_1625_10xls% ————— e

497.5 95.5 606 49 98 96 94 92 90 BB 86 B4 B2 BO 7B 76

497.6 95.4 b14 49 indi

497 7 as 2 575 49 Binding energy (V) U p to 100 Spect ra
W 4 b ¥ [ Fit_110304_1635 1 | Graph_110904_1625_1 - 110804 1625 1 - ¥d & for BE&KE plots

Ready = [ |



Analysis on spectra compared

* Automatically scaled spectra for comparison
— "auto” in Al cell to scale at the both ends

— “auto[x1:x2,x3:x4]” in Al cell to scale in the ranges of (x1, x2) for offset (0) and
(x3, x4) for multiple (1).

“auto{284.6}" in Al cell to shift the maximum intensity to 284.6 eV in BE scale.
— “auto’-7.8"" in Al cell to set all char factor to be -7.8 eV.

* Annotate legends in each plot Every single step neeas
— “leg” in Al cell to generate Sample sheet
. . Ctrl +
— Describe sample or spectrum name in the sheet
— “leg” in Al cell to run the code again.
* Normalize spectra with ref. spectrum by “norm” in Al cell.

— Second set of data will be selected for ref. and third set to be normalized data.
— Norm sheet appears from the data normalized.

B C A B C D E 4000 ——Aul:110904_1625_1xlsx
1 0 |ir|es,|’mm 1 MNo. MName Sep. File name 3500 + e=——Au2:110904_1625_2.xlsx A
y) 600 eV v 1 Aul : 110904_1625_1.xlsx 2000 :2:?11222?1:;:?32
3 2 Au? . 110904_1625_2. Klﬁ_ /500 —AuS;llDQDA:lSZS:S:xlsx - |
a 3 Au3 : 110904_1625_3.xdsx & | —swunosoesessenn 1 1|

yama o mmeg o ow R

: 5 Aus : 110904_16 Ctrl x :15 Q 19:110904_1625. 9 xlsx b‘ﬁ 1
b J & AUG : 11090‘4_16\ X I= 10 JulD:llDQDrlT]iZS_lD.xlsx l‘\
/ 7 Au7 : 110904_1625_7.xlsx S00 | PRAA N
8 8 Au8 ' 140004 41605 2 ylgy S N TN TN N R O O e =
0 9 Aug - | e v xlsx 98 96 94 92 90 88 86 &4 B2 80 78 76



4 1 | 2 | > | 6 | 7 | 8 | |
1 1200 lines/mm Pre edge Postedge 170330 1456 |Is_edge
2 -0.17 eV 0 eV

3 4 points

4 Polynominal coeff

5 390 eV 0.078983 0.085857 389.83 eV

(<} 430 eV 0.003787 0.001334 429.83 eV

ri 0.1 eV -0.00071 0.002589 0.1 eV

a8

9 1

Edge correction in NEXAFS

Post-edge region to be 1

0.092 4

Al cells: “edge”

W cioat |
- IVl =

A1l cells: “Icmb”

0.082

After two references added.

Is nermalized by Ip (arb. unit)

-
"'--
-
-
-

-
- -
.F—-_,.-p
-
-

F__,-

-
-
-
-
-
-

Pre-edge regions to be O

170330_1456_Is.xlsx
=== Pre-adge
=== Post-edge

e 170330_1456_Is_edge

0.072

390 395

T
400

410 415
Photon energy (eV)

T T
420 425

T
430

1.2

08

06

04

02



Fit sheet

A B C D E F G H I J K L M N 0 P Q R
1 |Shirle 1BG
2 Tolerance 0.000001
3 Initial A 0.001 p N p N 7
4 Final A 2305898 ;
5 Iteration Ctrl Q >
6 + 2558.98 5
g : / : / _22058 98 ; g °
& ) % U o
2 E 8.8
10 = 1558.98 Q)
m
11 Solve BGS £ 5 8
12 Peak fit S 1058.98 O,
13 # peaks F
14 Selve LSM £ 55898 g
15 Fit range E !
16 77 58.98 it b e b e
17 97 98 96 94 92 90 28 8 84 82 2 78 76
18 Factors for N.Area Binding energy (eV)
19 23.5
20 0 = 1.5 1
21 0.6 2 < 08 |
6& _ 1
% o £ 28 o
; £ =
24 45 255 04 |
25 E E 0 0.2
2% 98 96 94 92 90 88 2 84 82 380 78 76 0 |
27 Binding energy (eV) Boxplot
28
29

30 BE/eV In

- T ‘ Data appear here from the latest updated Graph sheet.

22 (=T Eai

M 4 » »| Fit_110904_1625_1 - Graph_110904 1625 1 110904_1625_1 -~ ¥ Note that offset/multiple factors should

Ready | = be aligned for all spectra in Graph sheet
Switch the worksheet to evaluate the peak area in Fit sheet.



Fitting functions and parameters

hirley, ougaard, olynomial, oly hirley, oly ougaard, ictoreen, rctan

Audf7/2  Audf5/2

= Audszo
23058.98 L
3
2 2558.08
=
=
>2058.98
=
-
a
%1558.98
0.533817 E
l_ 0.7075 0.7075
2 2846.653 2164.49
l11.90548 2% 99.15739 78.04245 }
X 6338.166 6215.195
63.92026 79.63864 i

71.27218 89.17103 98 96 94

77
97
Factors for NCArea

Binding energy (eV)
Cr 3)
uAf7/ .
. [ _ 3.6] . 3000 Au’ﬂf5/§7-"\ ’1. 12 400 200
S.I.Area 63.93647 79.65884 . . o WA 005 2000
NI Area  71.29025 89.19364 | d £ 000 |l E P LRSS o = o |
Corr. RSF 88.92904 69.69971 Amp Itude ratio SER . y | o & o
25 I' o 1 I H R A A A e - 1
= 8 g % o9 9D 83 86 #1 %2 % 78 76
26 Energy Sp Ittlng 000 BELHLR P B P -400 -400 —@—
27 Binding energy (eV) Boxplot
28
29
30 BE/eV In BG In-BG Audf7/2  Au4f5/2 SUM fits Least fits Residual
31 97 609 584.9897 24.01026 2.49E-41 4.84E-11 4.84E-11 0.985475 24.01026
W QR Q CE2 E£R4 QARRA .21 QRRAR 1 1BF.4An Q 2?7F.11 Q27F.11 1 747nQ1 .21 QRRARZ

Update results by setup constraints with bold font style, various BGs or Forms

rCtrI\ (Q\
wsd ¥V W FWHM ranges can also be setup.



Peak shape: Tailed pseudo-Voigt

=R N A=y RS, B R E R R

A B
Shirley BG
Tolerance 0.000001
Initial A 0.001
Final A 0.0036
Iteration 3

Solve BGS 0.01586
Peak fit

2*

# peaks :
Solve LSM! 0.045204
Fit range
N
97

Factors for N.Area
23.5
]
0.6
180.254
0.348
45

BE/eV In
97 19.69872
96.9 17.95129
096.8 19.18263
96.7 18.03784
96.6 19.03867
96.5 18.80417

Shirley’s BG, Tailed Voigt, Doublet 4f (4:3), ASO Au4f: 3.6 eV are used for above fitting.
User-defined peak and BG functions can be easily implemented in your Visual Basic code.

BG

18.94799
18.94713
18.94387
18.94352
18.94303
18.94164

D
Name
BE
KE
FWHM1
FWHM2
Amplitude
Shape
QOption a
Option b
Option ¢
Form
beta
Amp+BG
RSF
P. Area
S. Area
N. Area

Asym

TSGL

E F

Audf7/2  Audfs(2

83.89177
509.1082
2.192026

87.49177
505.5082
2.036631

88.24273
0.207135

0.0927
20.46306

66.18205

0.001
0.442394
11.55928

TSGL
0.7075
69.85049
78.04245
143.8036
1.842633
2.063409

0.7075
91.91117
99.15739
226.4484
2.283727
2.546665

Amp. rat. (4; 3)

BE diff.

T.I. Area
S.1. Area
N.I. Area
Corr. RSF

In-BG
0.750731
-0.99584
0.238762
-0.90568
0.095641
-0.13747

3.6]
240.0941 171.4606
2.421343 2.197018
2.700126 2.460255
88.91957 69.69223

0.271886
0.278361
0.285022
0.291876
0.298928
0.306184

0.111915
0.118642
0.125775
0.133338
0.141357
0.149859

Audf7/2  Au4f5/2  SUM fits

0.383802
0.397003
0.410797
0.425214
0.440284
0.456043

Least fits

0.006965
0.100289
0.001529
0.091451
0.006128

0.01816

Residual

0.36693
-1.39284
-0.17204

-1.3309
-0.34464
-0.59352

Intensity normalized by Ip {arb. units)

BG-subtracted intensity

101.80123

81.801233

61.801233

41.801233

21801233

Audf7/2

1.8012333 !
98 96 a4 90 88 86 84 82 80 78
Binding energy (eV)
100 AudZf2
&0 A5 /2 <_> ,
—_ s J
& 60 e
¥
340 e TS A L] LY S Y LAY A
s i
p
L
0 +— ‘- e e e ——|
98 %6 o4 q2 0 ] 86 84 82 &0 78 7
20 A i i i i h

Binding energy (eV)

76

Residual

Box



Intensity normalized by Ip {arb. units)

Intensity nermalized by Ip {arb. units)

8429467

7.929467

7429467

6929467

6.429467

5.929467

5.429467

8429467

7.020487

7429467

6.020457

6.429467

5.029467

5.420487

Polynomial (Shirley or Tougaard)
Active-BGs

Tougaard BG
¥?*: 0.001572

546

543

Binding energy (eV)

Polynomial Shirley ABG
¥2*: 0.000411

546

543

540

537

534 531
Binding energy (eV)

Intensity nermalized by Ip {arb. units)

Intensity normalized by Ip {arb. units)

8479467

7.929467

7.429487

6979467

6.429467

5929457

5479467

B8.420467

7.520467

7420467

6.529467

6429467

5.520467

5420467

Polynomial ABG
¥?*: 0.001543

546 543 540 537 534 531 528 525 522 519

Binding energy (eV)

Polynomial Tougaard ABG
v?": 0.000437

546 543 540 537 534 531 528 525 522 519
Binding energy (eV)



(=R RN RS, TSR SR

A

B

Pohynomine Shirley

Tolerance
Initial A
Final A
Iteration
Ratio 5:P
Oth poly
1st poly
2nd poly

3rd ioi

Peak fit

# peaks
Solve LS|
Fit range

0.000001
0.001
0.236075
1
0.068965
6.299347
-1.1533
0.414044
-0.00799
0.00036

0.000411

521
546

Factors for M.Area

BE/ eV

546
545.8
545.6
545.4
545.2

545
544.8
44.6
44.4
544.2

544

100
2
0.6
1.35
0.35
90

In

8.30239
8.197874
8.187272
8.195189
8.121771
8.116025
8.033022
7.913207
8.004564
7.929674
8.022887

c

ABG

2*

BG

8.250327
8.220507
8.190389
8.160879
8.131507
8.101951

8.07112
8.042458
8.013261
7.984054
7.955162

D
Name
BE
KE
FWHM1
FWHM2

E

533.1928
62.80724
3

Poly Shirley ABG

E

O1s O1ss1

535.2478
60.75223
3

Ampltude 1.461219 0.377278

Shape
Option a
Option b
Option ¢
Form
beta
Amp+BG
RSF

P. Area
S. Area
N. Area
Asym
Amp. rat.
BE diff.
T.I. Area
S.1. Area
N.I. Area
Corr. RSF

In-BG

0.052063
-0.02263
-0.00312

0.03431
-0.00974
0.014074

-0.0381
-0.12925

-0.0087
-0.05438
0.067725

Gauss

G
2
6.947018
30.13401
4.674643
0.155128
0.461899

4.675828
0.155168
0.462016
10.12048

O1s

2.04E-22
9.7E-22
4.5E-21
2.04E-20
9E-20
3.88E-19
1.63E-18
6.7E-18
2.69E-17
1.05E-16
4E-16

Gauss

G
2
5.863077
30.13401
1.206965
0.040053
0.121174

1.207271
0.040063
0.121205
9.960556

O1ss1

1.49E-16

5.5E-16
1.98E-15
6.97E-15
2.39E-14
8.02E-14
2.62E-13
8.37E-13

2.6E-12
7.91E-12
2.34E-11

SUM fits

1.49E-16

5.5E-16
1.98E-15
6.97E-15
2.39E-14
8.02E-14
2.62E-13
8.37E-13
2.6E-12
7.91E-12
2.34E-11

Least fits Residual

0.000329
6.23E-05
1.19E-06

0.000144
1.17E-05
2.44E-05

0.00018

0.002077

9.44E-06
0.00037
0.000577

0.052063
-0.02263
-0.00312
0.03431
-0.00974
0.014074
-0.0381
-0.12925
-0.0087
-0.05438

0.067725

Intensity normalized by Ip (arb. units)

BG-subtracted intensity {arb.

K L M N 0] P Q

B.420467

7.929467

7.429467

6925467

6429467

5.929467

R

S

T

5429467

540
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3-eV FWHM Gaussian fit

r 015

01

- 005

r -0.05

-0.1

- -015

519

Residual

0.15

01 4
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Lists of fitting functions

Peak shapes (total 5 forms)
Codefform)  [shape  |optona _____ JOptonb

G (0) Gauss

L (1) Lorentz

GL (0 <shape < 1) G + L with the same FWHM1

SGL (0 < shape < 1) G (FWHM1) + L (FWHM?2)

TSGL Exponential blend GL (FWHM1) Tail scale Tail length at half max

Backgrounds (total 9 BGs)

Shirley BG/ABG Static/Active
Tougaard BG XPS Static
Polynomial BG/ABG XPS/XAS Static/Active
Polynomial Shirley ABG XPS Active
Polynomial Tougaard ABG XPS Active
Victoreen BG XAS Static

ArcTangent BG XAS Active



Lo I = R Y

Sigmoid

(convoluted )intti ng

A B e D
[sigmoid ]+ Name inf1
Int BG/DO 1.433601 3.172378 BE -0.06522
Slope BG/ 0.004339 1.194389 KE 35.56522
Poly2BG/ -0.00508 -1.14319 Temp 741.598 6.2804754
Poly2 BG/ 0.006218 0.663992 Width(FD] 0.28056
Width(GC 0
Total 0.28056

5.2804754

Norm (FD  0.0001 0 Norm (GC 0.850253

- o

Peak fit 4.2804754

BE min -1.5 E F

BEmax 15 range

Fit range 22804754
-1.5 :

s Fitrange

Factors for N.Area
10
1
0.6
1.35

15 1.2804754

Intensity normalized by Ip (arb. units)

22804754

0 2
Figure of merit
A nAnRaT

Constraint temperature at 300 K, and
polynomial parameters as well prior
to convolution. Sample temp. leads
to AE=113 meV, and instrumental
resolution (BL & analyzer) to 243
meV. Total resolution becomes
AE=268 meV.

Secondary electron cutoff can be
analyzed in the same way.

1

Binding energy (eV)

Fermi-Dirac distribution
with spline for the Fermi edge
(broadening only from temp)

A B D E
|Sigmoid i' nvolute Fit _
IntBG/DO 1.376123 3.441427 BE -0.05806
Slope BG/ -0.16666 0.324522 KE 35.55806
Poly2 BG/ -0.12576 0.503831 Temp 300
Poly3 BG/ 0 0 Width(FD| 0.113495
Width(GC 0.243064
Total 0.268256
Norm (FD|  0.0001 0 MNorm (GC 0.384627
0.038662
0.000621
Peak fit
BEmin -1.2
BE max 12
Fit range

Intensity normalized by Ip (arb. units)

6.2804754

5.2804754

4.2804754

3.2804754

22804754

1.2804754

Binding energy (eV)



ULVAC-PHI

Multipak csv data analysis

Open Multipak-exported csv file with Excel, and type “phi” on B1 cell.

@ PET.csw

| | PET.5PE

2/19/2016 2:40 PM

72015 445 PM SPE File

Microsoft Excel C...

8 KB
TKB

Run the macro, then new workbook appears with chart of spectrum in the csv file.

A B C D
1 |Aread phi l
2 |PET
3 |C1s
4 1
5 298 324.2826
6 297.95 352.4358
7 297.9 342.0087
8 297.85 342.0087
g 297.8  326.368
10| 297.75 356.6066 [ )
1 297.7 344.0941 Ctrl
12| 297.65 332.6243
13 297.6 332.6243 - g
14| 297.55 329.4962
15 297.5 339.9232
16| 297.45 328.4535

Open text file with Excel.

B-| PET.csw
| ] PET.SPE

87| PETadsx

[ PET_Clsiet

wen | — P

/1972016 2:40 PM
f772015 4:45 PM
/82019 2:28 PM

f8/2019 2:28 PM

A B C D E F G H
1 Aread Analyzed
4500 -
2 |PET
3 |Cls 4000 1
4 1 3500
5 298 324.2826 3000 -
6 297.95 352.4358 o 2500 -
7 297.9 3420087 o
Y 2000 -
8 | 297.85 342.0087 Cls
g 297.8 326.308 1500
10 297.75 356.6066 1000 -
11 297.7 344.0941 so0 -
12 297.65 332.6243 0
= 297.6| 332.6243 300 295 290 285 280 275
14 297.55 329.4962
Binding energy (eV)
15 297.5 339.9232
1= 207 AR 370 ASDE
Microsoft Excel C... 8 KB
SPE File 7 KB
Microsoft Excel W... 25 KB
TXT File TEE



Open Excel macro-exported txt file with Excel.

ﬁ PET.csv 2/19/2016 2:40 PM Microsoft Excel ... 2 KB .
| ] PET.SPE 1/7/2015445PM  SPEFile 7KB Cont"‘]ued
ﬁ PET.xlsx 5/8/2019 2:28 PM Microsoft Excel W... 25 KB
Qf’ PET_Cls.txt 5/8/2019 2:28 PM TXT File TKB
Run the macro.
A B B | ¢ | p | E | F | & | H | 0t | 3 | kK | L | M | N | o | v
1 |BEfev  |Alka 0 lines/mm
— 1486.6 eV
3| 297.95 3524358 e sss1 3513 - RN
4 | 297.9 342, 278 eV ‘5 / n
5 | 297.85 342, _u'ui iv 3p81.3313
6| 297.8 326.368 o e ]
7| 29775 356.6066 mo _ 25813313
7 11| 11846 298 324.2826 2
8 297.7| 344.0941 12| 1184.65 297.95 352.4358 5 I
2) 297.65 332.0243 13| 11847 297.9 342.0087 £ 20813313
10 | 297.6 332.6243 14| 118475 297.85 342.0087 >
g : : 15| 1184.8  297.8 326.368 @
11|  237.55 329.4362 16| 1184.85 29775 356.5066 g 15813313
12 A7 5 9730 9739 17| 11843 297.7 344.0941 -
18| 118495 297.65 332.6243
19| 1185 297.6 332.6243 10813313 ¥
20| 1185.05 297.55 329.4962
F N F L ] 21| 11851  297.5 339.9232 5513313
Ctrl - Q 22| 1185.15  297.45 328.4535 w /
: 23| 11852  297.4 3044711 (R e o, e p AT
© 4 < 4 24| 118525 297.35 326.368 81331209 e
25_ 1185.3 297.3 338.8806 298 297 256 255 254 193 292 291 290 289 2BE 287 286 285 2B4 2B3 2B2 1281 2BD 279 278
26| 1185.35  297.25 328.4535 Binding energy (eV)

ﬁ PET.csv 2/19/2016 2:40 PM Microsoft Excel C... 2 KB
D PET.SPE 1/7/2015 4:45 PM SPE File TEE
ﬁ PET.xlsx 5/8/2019 2:28 PM Microsoft Excel W... 23 KB
Qf PET_Clsixt 5/8/2019 2:28 PM TXT File TEE
@ PET_Clsxlsx 5/8/2019 2:36 PM Microsoft Excel W... 91 KB



U B W N

(0, W R PV SR

Multiple data-fit

A B C

Shirley  BG | ebug Au4F7f2 Au4f5,:'2 “debug”/“debuga” in D1 cell

Tolerance  0.000001 83.80131 87.49132 _ : - -

[ty " 001 KE con.1087 sosc0s, - d€bug:apply the original f!t parameters
Final A 0.00344 FWHM1  2.196802 2.052602 - debuga: apply those used just before
Iteration 6 FWHM2

| Ctrl Q
v

Once fitting process above done, “ana” in D1 cell to compare those fitted xlsx files.

Ctrl / Q
v

A B C D E F
Shlrle‘y‘ BG |ana Au4f7_,f2 AU‘H:SI'Z (_)(_} | . = Computer = Local Disk (F:) = BL3_technical = Excel_macro_CLAM2 = sample

Tolerance 0.000001 BE 83.89131 87.49132  ouganie + | newfoise
Initial A 0.001 KE 509.1087 505.5087 = Al Name - Date modified Type

[ Microsoft Office Exce

Final A 0.00344 FWHM1 2.196802 2.052602 0%04_15 239PM  usiuawMicrosoft
Iteratiﬂn 6 FWHMZ -{ Favorites )

= Libraries
3 Documents
rJ“- Music
[&=| Pictures

E Videos

1M Computer
&5 System (C2)
1 arsl Dicls =Y

0504_1625_



Summary of fitting results

A B C D E F G H I ] ; A B e [n] E F G H | J K L Ll M [} F (¥]
1 110904_1625_1.xlsx 110904_1625_2.xlsx 110904_1625_3.xlsx 110€ 2 e Difference R
Z : [FEShest #peaks | AudiTi2 AudiSi2 Backaround AudfSIZ-AudiTI2 [
4 | TI0S04_1E Fir_T10904_1625_1 2 B38913 874913 Shiley BB 36 B oas
3 3500 - 5 | TI0904_1E Fi_110304_1625_2 z  §3.723 g7.3252 Shiley  BG 350223 g e razie
—110904_1625_1.xlsx E | TI0304_1E Fi_T10904_1625_3 2 837851 87.3851 Shiley  BG 38 %8 | T
4 _ OeV - —— 110904 1625 2.xlsx 7| TI0304_1E Fi_T10904_1625_4 2 537455 57.3455 Shiley  BG 360001 5 a0
5 3000 - - - & | TI0904_7E Fir_TI0304_7625_5 2 83.3043 87.4043 Shirley  BG 386 i 1305 T e
= 110904_1625_3xlsx a 3| Ti0904_1E Fi_TI0304_1625_6 2 3769 57.363 Shirley  BG 36 ampte B
6 v 2500 - =110904 1625 4xlsx 0| TI0304_1E Fir_TI0904_1625_7 2 836352 87.2352 Shiley  BG 38
7 ] - - 1| 110304_1E Fir_1I0304_1625_8 z 837742 57.3742 Shiley  BG 36 [————
= ——110904_1625_5xlsx 12| TI0904_7E Fir_TI0904_1625_9 2 83.9075 B87.5075 Shirley  BG 36 10000 ey
8 S 2000 - =——110904_1625_6.xlsx 13| T090d_1E Fir_TI0904_1625_10 Z E3TI ET.4009 Shiley  BG 350256 H jorveve
0 iL) 5000 ——Audf7f2
9 1 = ———110804_1625_7.xlsx B Tlbves T.lrearatia = “III -
10 |BE/ eV In-BG e 1500 e 110004 _1625_8 xlsx i [N Shest  Fpesks AuTZ AUAEZ Tetalpesk ares BdFTIZ LA 'R
= i 7| 0304 _1E Fir_1I0904_1525_1 2 721564 461378 11529.4 156393 155
= e 110904_1625_9 xlsx - hud#5(2
11 a7 Q7 24.01026 @ 1000 - = = 15 | 1103041 Fir_110304_1625_2 2 804043 58221 13862.5 138102 Sampl
S ====110804_1625_10xlsx 19 | TI0904_1E Fi_110904_1625_3 2 821893 53951 42141 137095
12 96.9 96.9 -31.9686 El = 500 i 20| TI0304_1E Fit_TI090¢_1625_4 z 83383 610303 4413 136626 f———
= i 21| 1I0304_1E Fir_1I0304_1625_5 2 843348 6M39 WE47.4 13734 57
13 96.8 96.8 6.137477 9 H \ 22 | TI0304_1E Fit_TI090¢_1625_6 z 8283 618089 WA63.3 134001 4
14 96.7 96.7 -30.8481 9 o : O 23 | 110904_1E Fir_TI0904_1625_7 ? 843538 B21663 W2 1.36556 2 e
! o 24| 1I0904_1E Fir_TI0304_1625_8 2 8281 53483 w2233 133218 e
15 96.6 96.6 4.181989 9 i 25 | 110304 _1E Fir_1i0304_1625_3 2 833473 57653 41001 144568 A
16 96.5 95.5 -8.75868 o -500 ; 26 | TI0904_1E Fit_110304_1625_10 2 7945.22 5570.44 135157 142632 toes T
27 Sample: == Aulfs 2
17 96.4 96.4 17.24916 9i 96 81 86 81 76 25 Sibea SlArearato
Iy 29 [N Shest 0 #peaks | AudfTZ AudiSIZ Summation Pro_fudf Rio_AudiToeEieie] —e_
1‘? ?E;’E ?E’E 3%7{3“5? ?l Binding energy (eV) 30| 110304 _1E Fir_T1090¢_1625_1 z 727695 SA18 131568 551751 4d.5249 100 M /2
31| TI0304_1E Fir_TI0904_1625_2 2 B10BTS 74601 155689 520829 479171 100 2 ———
32| 10904_1E Fir_TI090¢_1625_3 z 528883 76515 153,707 519003 48.0937 100 = iz
33 | TI0304_1E Fir_TI0904_1625_4 2 B40JE 7E.20M 62.293 51817 481853 100 = .
34| 11030_1E Fir_1I0304_1625_5 z E5.0515 76.3408 163.392 52,0536 d47.5d64 100 AR
. 35 | TI0304_1E Fir_TI0904_1625_6 2 835333 7308 62,733 513313 436681 100
Cl I Ip Sheet. BG Su bt ra Cted Spect ra 36 | TI0304_E Fi_TI0904_1625_7 Z BSETST  TAEST 65,333 515202 451735 100 Sample: - Audf5/2
37 | TI0304_1E Fir_TI0904_1625_8 2 835137 762188 153,732 52.2835 4T.7ES 100
35 | TI0904_1E Fir_TI090¢_1625_9 z 340562 736739 157593 53.2237 467763 100 EE
33 | 1I0304_7E Fir_110904_1625_10 2 80127 T1ETT 151505 S2BHT8  47.1122 00 3. I
40 = =952
41 |NlAres Nl frzaatio I
42 AudiiZ  AudfSIZ Summation Fto_Audf Rro_AudiTotaitate| ol
. 43 | TI0304_1E Fit_TI0904_1625_1 2 &LMTI 66.2021 9735 S5.071S 445285 100 12345878810
na S ee . ea areas 44| 7I0904_1E Fir_1I0904_1625_2 2 904053 835241 173.93 519783 480217 100 Samples
? ? 45 | TI0904_1E Fit_TI090¢_1625_3 z 324203 860113 178,432 5175858 48.2042 100
45 | TI0304_1E Fir_1I0304_1625_4 2 937576 G7.5562 18131 517101 48.2899 100
H 47 | TI0904_1E Fit_TI090¢_1625_5 z 3.834 8772 162,553 519431 48.0509 100
Rto S eet Can e generate rom t |S 45 | 710304 _1E Fir_1I0304_1625_6 2 931385 GA.E7ST 818 512273 487727 100
43 | TI0904_1E Fir_TI0304_1625_7 z 955183 899807 159,699 SLTIET 48.2843 100
. . 50| 110304 _1E Fir_1I0304_1625_8 2 S31l64 653392 178.456 52173 47.821 100
Sheet |f a” elemental peak flttlng 51 | TI0904_1E Fir_1I0304_1625_3 2 937358 827267 176,463 531134 46.3806 100
52 | TI0304_1E Fir_TI0904_1625_10 2 893433 79.9208 63.254 527834 47266 100
53
H H 54 | FiwHM
results prepared for atomic ratio o MR AT SR A
S6 | TI0304_1E Fit_TI0904_1625_1 2 21368 20526 21247
NAd_7F Fir 1N9d_16 o

analysis. : : :
o e T.l. area: Trapezoidal integration of peak area

Ctrl = = : : :
wJ ' WJ S.I. area: T.l. area normalized with RSF

N.l. area: T.l. area normalized with corr. RSF

4 4 » M| Cmp_110904_1625_10 ~ Ana_110904 1625_1 - Fit_110904 1625 1 - Graph_110904 1625_1 - 110904 1625 1 . #J -
Ready = 3 |




Depth-profile XPS: RSC Adv. 6, 94905 (2016).
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