Journal of Surface Analysis Vol.24 No.1 (2017) pp. 36 - 46
FEGE, ) #4ihnm D B BN #FEF (7L /= active Shirley Z/CLBXPS /oSO RDEBI#E

FIHAR R D B BhEHEERERE 2 0 L 7= active Shirley ¥I2 L 5
XPS Ny 7 7F 7 ROBEHEE

PR S AR w2 R AT R BT )N Sk ome R EIR gt
LR TS S E A T683-8502 I F- T M 4448
2B A T305-8571 Fdgli o < I K T 1-1-1
SE - HEMFIEREE T305-0047 ZotkiE o < £ T8 1-2-1
Y om &g I m T140-0013 FHITEGI XA 6-16-4 IR A EVL 2F
“ hitanaka@yonago-k.ac.jp
(2016 4E 3 H 23 HZ#; 2017 4 3 7 10 H B#LT)

T FEO—FETH D X BIETHE (XPS) 11X, WEOER « REOILFHEAIREEZFETE 5.
LWL 5, XPS AT NVOFRNTIIMNTE Ok - BBRICK > TERPKEBR D, 22 CTall, 2
ORI FE IR EZ IR L, Ny 7 770y REBEEE TX 5 active Shirley IEMER I, — TARFIL
TH XPS 27 MIVOIBIRIZ L » Tl e 7 7T 00 REEENRTE RN ENX Dotz FRZ, 1A
ERRBENEFNOT — X JIZB T 2MEOENKE N XPS AT MUZx L THEMAT 5 &, XPS A7 fL
Ry T TSI RIRAETH LW RER D 572, Z DK “Shirley 152 AW - WIIFE TRD IS v
77T RISBEIZ XPS A7 RLERZFELTNWDLZE” Tholz., T TAMIETIE, Z0 “WIHEHAET
X507 7T 0 KM XPS AT MLV ERZET D L0 RBEZMGI L7 L3V XA (R iR
i active Shirley 15) #42% L7z, BARMIIXMR A OWMIE ZHE L BEHE T 27 LT ) XA EEL L.
AFHEOE A LV LATICHE Sz active Shirley 7% & bl U Cilib) e Ny 7 7T o o RHEENA[REE 725
7o, A=Y= NEE L 2Mid Cu 2p O XPS A7 "MLOFIRICHEA TE 2 Z ERHL IR -
7.

Automatic Estimation of XPS spectrum Background
Using an Active Shirley Method Improved by Auto-Tuning
Function of Initial End Points

Yugo Nishizawa,' Ryo Matsumoto,* ® Noriyuki Kataoka,* Hiromi Tanaka,“"
Hideki Yoshikawa,? Shigeo Tanuma,® and Kazuhiro Yoshihara*
National Institute of Technology, Yonago College, 4448, Hikona, Yonago, Tottori 683-8502, Japan
2University of Tsukuba, 1-1-1, Tenoudai, Tsukuba, Ibaraki 305-8577, Japan
*National Institute for Materials Science, 1-2-1, Sengen, Tsukuba, Ibaraki 305-0047, Japan
“Scienta Omicron, Inc, Tonamiomori Building, 6-16-4, Minamioi, Shinagawa, Tokyo 140-0013, Japan
“ hitanaka@yonago-k.ac.jp
(Received: March 23, 2016; Accepted: March 10, 2017)

X-ray photoelectron spectroscopy (XPS) has recently been used in various industrial fields because it is a useful
analytical method for investigating the nature of the chemical bonding at the surfaces and interfaces of defective
products and materials. An analysis of an XPS spectrum requires both the background estimation and peak separation
with the results of the analysis generally depending on the restrictions chosen by the analyst. This analyst dependence is
one of the biggest problems for the wider practical use of XPS analysis.
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To solve this problem, we have recently developed a new algorithm based on the active Shirley method that can
effectively estimate both the shape of the background and the automatic peak fitting in the XPS spectrum analysis.

Nevertheless, the new method is still invalid for the application to the XPS spectra that show a large intensity
difference between the starting point and ending points. In such an XPS spectrum, the estimated background almost
intersects to XPS spectrum. The cause of this intersection was found to be the intersection between a tentative
background that was initially estimated by the Shirley method and the XPS spectrum. To improve the method, we have
introduced a new algorithm that properly selects both initial endpoints for deriving a proper background without
intersecting the XPS spectrum. The improved method was named “an active Shirley method with auto-tuning function of

both initial endpoints”.

Using our improved algorithm, we have successfully obtained a better background shape compared to the shape
obtained by the active Shirley method. In particular, we could estimate a background without an intersection with the
divalent Cu 2p XPS spectrum that shows partial overlap with an Auger peak.
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Fig.1. Background of Cu2p,,3d® XPS spectrum derived by the
active Shirley method using Bi,Sr,Ca, 1Cu,Oy superconduct-
ing single crystal sample. XPS data points are indicated by
open circles, and backgrounds are shown by filled circles. [(a)
original data, (b) data obtained by subtracting the background]
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Fig.2. Intensity effect of both endpoints on background shape derived by the active Shirley method in Cu2p;,3d° XPS spectrum. Fhe
XPS data points are indicated by open circles, and backgrounds are shown by filled circles. [(a) initial background and (b) final
background derived by using both endpoints A and B with large difference in their intensities, (c) initial background and (d) final
background derived by using both endpoints A and B’ with small difference in their f intensities.] Here, Shirley method was applied

to estimate the initial backgrounds.
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Fig. 3. Intersection effect of the XPS spectrum and initial
background on the relationship between chi-square values and
loop counts. [Intersection is (a) preset, and (b) absent].
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Fig. 5. Selection of XPS spectrum’s minimum value for ef
which the binding energy is the nearest to the end point and
the start point of the analyzed energy range. The XPS
spectrum’s  orbital is Cu 2p1,23dg arising from a
Bi,Sr,Ca,,Cu,0y superconducting single crystal. (a) original
XPS spectrum, (b) first differential curve of the original XPS
spectrum derived by the least-squares smoothing and
differentiation by the convolution (Savitzky-Golay) method.
The filled circles “a” and “B” are candidates for an initial end
point and a start point that are found by detecting the zero
crossover points in the first differential curve (p;-p3). In this
case, for p; and ps, the binding energies correspond to the
binding energies of “a” and “f”. The intensities of both “o”
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(b) Cu2p1 JSd{)
OKLL !
—_ a, experimental
= 23%{ @ data
Pt [a] ]
r .= & %
= / - %
u\.b o
background %
! ! |

968 965 962 939 956
Binding Energy (V)

Fig. 6. Background of Cu2py,3d® XPS spectrum derived by (a) active Shirley method, and (b) active Shirley method with
auto-tuning function for both initial endpoints using a Bi,Sr,Ca,1Cu,0y superconducting single crystal sample. The computation
time was 1.67s. The XPS data points are indicated by open circles, and backgrounds are shown by filled circles. Solid line indicates a

fitting result.
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start point).
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Fig. 8. Background and peak separation result of Cu 2p XPS spectrum derived by active Shirley method with auto-tuning function.
The function optimally selects both initial endpoints of the XPS spectrum. XPS spectra include (a) neighbor peak indicated by the
arrow (D that is present at around the end point, and (b) tail of the neighbor peak indicated by the arrow @ that is present at around
the start point. The original XPS data are shown by filled circles, and backgrounds are shown by solid line. Broken lines indicate
separated peaks derived by the fitting process of the active Shirley method with auto-tuning function for both initial endpoints.
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Fig. 9. Quantitative evaluation of area intensity by (a) active Shirley method, and (b) active Shirley method with auto-tuning function
for both initial endpoints. The original XPS data are shown by open circles, and backgrounds are shown by solid line. Hatched peaks
correspond to separated peaks derived by the fitting process of the active Shirley method with auto-tuning function for both initial

endpoints.
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