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The arbitrary estimation of the shape of background adversely affects the results of quantitative analysis
because of over- or under-estimation of peak area. Especially, the resultant background by the iterative
Shirley method that is widely used is strongly dependent on the operator's choice of the starting and ending
points on the XPS spectrum. To decrease this undesirable dependency, we focused on the active Shirley
method, which automatically adjusts the background intensities at the starting and ending points during the
peak fitting process. We installed this method into the COMPRO software and performed the peak fitting
of Cu 2p spectrum in Bi-based superconductor and the thickness determination for SiO, / Si thin film on
the GUI of COMPRO. The shape of backgrounds and peak areas were stably obtained by using the active
Shirley method with various ending points of background and peak shapes of Voigt functions.
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Fig. 1. Results of background estimations about the C 1s spectra by the iterative Shirley method on COMPROI11. The estimation

ranges are (a) 287.6-282.9 eV and (b) 288.0-282.8 eV.
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Fig. 2. Procedures of the active Shirley method [(1) Initial background estimation by non-iterative Shirley method, (2) Peak
detection, (3) Peak fitting by Marquardt-Levenberg method, and (4) Optimized background].
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Fig. 3. Schematic image of the non-iterative Shirley method.
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Fig. 4. Original spectrum and its third derivative curve with
initial parameters for peak fitting process.
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Fig. 5. Graphical user interface of COMPRO in which the active Shirley method is installed.
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Fig. 6. Results of background estimations about the Cu 2p spectra. These spectra were measured for Bi,Sr,Ca,Cu,O,

superconducting single crystals grown by a VB method. The backgrounds of these spectra were estimated by the iterative Shirley
method and the active Shirley method. The estimation ranges are (a) 947.3-925.6 eV and (b) 950.8-928.4 eV.
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Fig. 7. Results of background estimation in noisy Si 2p spectra. These spectra were measured for a SiO,/Si single crystal wafer.
The SiO; layer thickness is 9.2+0.07 nm, as measured by an ellipsometer. The backgrounds have been estimated by the iterative
Shirley method and the active Shirley method [(a) iterative Shirley method, (b) iterative Shirley method on smoothed spectrum,

and (c) active Shirley method].
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Fig. 8. Results of thickness estimation when using the
relative areas of the Si and SiO, peaks in the active Shirley
method. We varied the ending points for background
estimation to consider the standard deviations.
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ECIE R ORI L D AT MV OERBNAEL L
TERBDITICHELE 52 5. fRITEREIENME )
(1) Shirley #: % F WU, XPS A7 R LD E BT
DORZEMESCHBMEN M L2 LM T& 5. Fig. 8
WXy 7 7T 0 ROKRE 114.2+0.5 eV OFifH
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Table 1. Calculation results for the different background subtraction methods.

Difference from Standard deviati
rd dev
Methods Thickness d (nm) ellipsometer’s result E andard geviation o
(nm)
(%)

iterative Shirley 11.0 19.7 0.89
terative Shirl

iterative Shirley 10.1 9.57 0.34

(smoothed spectrum)
active Shirley 9.71 5.59 0.14
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Fig. 9. Standard deviations of SiO, thickness when using
various restriction conditions for m, in the active Shirley
method.
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