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Quantitative Analysis of Oxide Samples by Means of X-ray Photoelectron
Spectroscopy

Noriaki UsuUK1, Kichinosuke HIROKAWA, Yasuo FUKUDA, Ken-ichi SUZUKI, Satoshi HASHIMOTO,
Toshiko SuzuKl, Norio GENNAL Shizuo YOSHIDA, Mitsuru KoDA, Hiroshi SEZAKI,
Hiroshi HORIE, Akihiro TANAKA and Takashi QOHTSUBO

Synopsis :

We report results of a joint research about the quantitative analysis of SiO,, Al;O3, MgO and forsterite
plates by X-ray photoelectron spectroscopy (XPS). At first, we obtained the relative sensitivity factors
(RSFs) using the standard oxides in order to clarify the difference in instrumental responses among in-
struments and analytical conditions. Then, we carried out the quantitative analysis of a forsterite sample
using the above-mentioned RSFs to determine the deviation in quantitative values among laboratories.

The RSFs obtained with the standard oxides depend on analyser mode (AE = const. or AE/E = const.).
In the case of measuring with the same analyser mode, the deviation in RSFs among instruments was within
+20% on the high kinetic energy side but this became large on the low kinetic energy side. On the other
hand, the theoretical RSFs which were calculated using instrumental functions, inelastic mean free paths
and photo-ionisation cross sections were 1.3 times as large as the experimental RSFs.

The quantitative analysis of a forsterite plate showed that the deviation in quantitative values among
laboratories was within +10% . However, the quantitative value of magnesium measured with XPS was
lower than the chemical composition.

These results demonstrate that the quantification using the experimental RSFs leads to the small devia-
tion in quantitative values among laboratories, but the these quantitative values include the difference from
chemical composition.

Key words : X-ray photoelectron spectroscopy; quantitative analysis; relative sensitivity factors; SiOs,
Al,03, MgO, forsterite ; surface analysis.
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Table 1. Experimental conditions for XPS quan-
titative analysis.

Instrument Ar sputtering

Laboratory

Analyser mode

condition
A SSX-100* AE=20eV 3keV
B1 VG ESCA3 MK I AE=20eV SkeV
B2 Kratos XSAM800 AE=38eV 3keV
C Kratos ES300 AE/E=1/23 S5keV
D1 VG ESCALAB 5 AE=20eV 4keV
D2 Kratos KSAM800 AE=40eV 3keV
E1 VG ESCA3 MK 1l AE=20eV 10keV
E2 VG ESCALABMK [I AE=20eV SkeV
E3 VG ESCALABMK [I AE/E=1/50 S5keV
F PHI 5400 AE=35.75e¢V 3keV
H PHI 5100 AE=35.75eV 3keV
I PHI 5300 AE=35.75eV 3keV
K PHI 5400* AE=35.75eV 2keV
* Using with monochromated AlKa
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- Fig. 1. XPS Si2p spectrum of Ar ion sputtered
Si0, polycrystalline showing a background subtrac-

tion method.
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Fig. 2. Sputtering profiles of photoelectron in-

tensity ratios for MgO, SiO; and Al,O3 plate sam-
ples (Obtained by Laboratory I).

‘Table 2. Chemical composition of sample used
(ZMgO'SIOZ).

Mg Si Ca Al (0]
(wt%) 31.4 19.0 0.35 2.54 46.71
(at%)* 25.89 13.56 0.17 1.88 58.5
(at%)**| 26.43 13.84 59.72

*  Changed to atomic %
** Quantification using Mg, Si, O
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Fig. 3. Sputtering profiles of photoelectron in-
tensity ratios for a forsterite plate (Obtained by
Laboratory I).
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C
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Table 4. Standard deviation for XPS quantitative
analysis of forsterite
Mg Si (0]
Case 1 Average 25.0 14.5 60.5
4 2.56 1.00 2.47
o 2.49 1.03 2.58
Case 2 Average 24.0 14.9 61.1
o 2.81 0.93 2.61
oy 2.82 0.95 2.67

Case 1 : Quantification using Ols, Mg2p and SiZ2p
Case 2 : Quantification using Ols, Mglp and Si2p
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Fig. 8. Instrumental response functions obtained
with O 1s, Mg 1s, Mg2s, Al 2s and Si2s peak inten-
sities.
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Fig. 10. Photoelectron intensities of O1s, Mg1ls,
Mg2p and SiZ2p for SiO,, MgO and forsterits ver-
sus atomic density.
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