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We have carried out a Round Robin Test for Au, Ag, and Cu to study the intensity scale correction method for
x-ray photoelectron spectra. It is found that intensity scale of the spectra almost does not depend on the specimen
type (mirror-polished, deposited, and usually used) and shows a reproducibility with a deviation less than 5 %
among 3 spectra measured after sample-holder repositioning. Increase of contamination during measurements
does not affect the intensity scale when the relative intensities of C 1s and O 1s to the main line of materials are
less than 2 %. The measured spectra were divided by ones measured using double-pass CMA which has been
proposed as a secondary standard analyzer for the intensity scale. There are step-like shapes around the
photoelectron and Auger lines on the higher-kinetic-energy region of thus obtained curves. On the other hand, the
lower-kinetic-energy region of the curves are relatively smooth and similar to each other among those for Au, Ag,
and Cu. We show that intensity scale of the spectra can be corrected using calibration function derived from
lower-kinetic-energy region (typically, less than 1100 eV) of the divided spectra for clean gold surface , which

enables us to do quantitative inter-laboratory comparison of x-ray photoelectron spectra.
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Table 1
Participants in the round-robin test.
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Instruments, experimental conditions, and date arc also shown.

Institute Instrument X-ray Detection Pass energy Date
source angle (deg.) (eV)
BE PHI 5600 AlKa 45 235 8/4-5/96
BG PHI 5500 MgKa 45 11.75 6/22/96
BK VG ESCALAB MgKa 0 20 2/13-14/97
220iXL
BO PHI 5400 MgKa 45 35.75 6/13-21/96
- a PHI 5400 AlKa 45 17.9 7/14-15/96
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Differences (%) of Cu 3p/Cu 2ps;, intensity ratio measured for deposited, usually-used, and roughly

polished Cu surfaces compared from that for mirror-polished.

surfaces were cleaned by ion-sputtering.

Before each measurement, sample

Institute Deposited Usually-used
AU 2.7 22
BO 3.0 1.3
a 11 1.8
BG
CB

Roughly-polished

8.1(ex-situ)
2.4(in-situ)
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Scattering (%) of Cu 3p/Cu 2py, intensity ratio and integral intensities of Cu 2ps;, Ag 3dspe, Au 4f, and of
Cu 3p among 3 spectra measured after sample-holder re-positioning.

Institutes(sources) Cu 3p/Cu 2ps3p Cu 2p;3p Ag 3dsp Au 4f Cu3p
BE (AlKa) 35 1.0 1.4 16 3.0
BG (MgKa) 1.4 110 10.9 7.2 9.7
BK (MgKa) - 1.6 1.7 0.9 -
BO (MgKa) 1.1 2.6 0.4 1.0 33
CJ (AlKo) 1.7 9.7 249 92 11.0
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Table 4
Relative deviations (a/average; %) and average of all data for each divided curve between 2 specira
among 3 spectra measured after sample-holder re-positioning.

Institutes(sources) 1st/2nd(ave.) 2nd/3rd(ave.) 3rd/lst(ave.)
Au BE (AlKa) 1.5 (0.96) 1.0 (1.00) 2.4 (1.04)
BG (MgKa) 3.0 (0.88) 3.6 (1.09) 3.4 (1.05)
BK (MgKa) 1.6 (1.03) 1.5 (1.00) 1.7 (0.98)
BO (MgKa) 1.9 (0.97) 1.8 (0.99) 1.9 (1.01)
CJ (AlKo) 1.6 (1.03) 2.0(0.93) 2.2(1.01)
Ag BE (AlKa) 1.1 (1.03)
BG (MgKa) 4.2 (0.94) 4.3 (0.89) 4.5(1.22)
BK (MgKa) 2.3(1.02) 2.3(1.01) 2.3(0.97)
BO (MgKa) 2.7 (0.99) 2.8 (0.99) 2.8 (1.02)
CJ (AllKa) 3.0 (0.85) 2.5(1.20) 2.6 (0.99)
Cu BE (AlKa) 0.9 (1.03) 0.8 (0.98) 1.1 (0.99)
BG (MgKa) 3.8 (0.95) 4.3 (0.90) 4.1 (1.17)
BK (MgKa) 2.3(1.05) 2.0(1.01) 2.2 (0.95)
BO (MgKa) 2.5(0.97) 2.5(1.02) 2.5 (1.01)
CJ (AlKo) 3.4 (0.84) 35(1.11) 2.8 (1.08)
Au; 1sU2nd, 20d/3rd, 3r/tst Cu: 1520, 20d/3rd. 3rdl1st
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Ag, and Cu, respectively.

v: ? show those derived from Au,
»
]
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K.E (eV)

Relative deviations (o/average; %) and average of all data for each divided curve of 2nd spectrum by 1st

one in each measurement cycle

Institutes(sources)

Au BO (MgKa)
CJ (AlKa)

Ag BO (MgKa)
CJ (AlKa)

Cu BO (MgKa)
CJ (AlKa)

1st (ave.)

2.1(0.99) 2.0(0.99)
1.8 (0.9%9) 1.8 (1.00)
2.6 (1.00) 2.6 (1.00)
2.4 (0.98)* 2.1(0.97)
2.5 (1.00) 2.7 (0.99)
2.8 (0.99) 2.5(0.99)*

2nd (ave.) 3rd (ave.)

1.9 (1.00)
1.8 (0.99)*

2.9 (1.00)
2.3 (0.99)*

2.6 (0.99)
2.7 (0.99)

* C 1s/main peak or O 1s/main peak were increased during measurement.
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Divided curves of measured
spectra (averages of 3
spectra measured in each
cycle) in this study by

measured ones by double-
pass CMA (7] for Au(upper
panels), Ag(medium panels),
and Cu(lower panels).
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Table 6

The values of n in AE" which reproduce the lower-kinetic-energy regions of each divided curve of
measured spectrum in this study by measured one by double-pass CMA [7] for Au, Ag, and Cu. It is
noted that an AE" - type function does not always provide best fitting.

Institutes(sources) Au Ag
BE (AlKa) 0.85 0.89
BG (MgKa) 0.61 0.59
BK (MgKa) 0.30 0.30
BO (MgKa) 0.42 0.31
CJ (AlKa) 0.67 0.72

Cu Average
0.86 0.87
0.60 0.60
0.35 0.32
0.48 0.41
0.73 0.71
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(a): XPS spectra for Cu measured by institute CJ and double-pass CMA {7]. (b): The lower-
kinetic-energy region of divided curve between spectra measured by institute CJ and double-pass
CMA for Au, which was well reproduced by a linear function. (c) and (d): Intensity scale of the
spectrum for institute CJ was corrected to that for double-pass CMA by a calibration curve (b).
Table 7

Cu 3p/Cu 2ps,; intensity ratios before and after intensity-scale correction by using calibration functions
derived from lower-kinetic-energy region of divided spectra for Au

X-ray source Institute As-measured After correction
MgKa BG 0.214 - 0.180
BO 0.177 0.177

(difference 18.6 % d 1.7 %)
AlKa BE 0.199 - 0.200
a 0.198 0.198

(difference 05% d 1.0 %)
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(a): Calibration function between institutes BE and CJ derived from the lower-kinetic-energy
region of a divided spectrum for Au. Intensity scale of the XPS spectra measured by institute
BE for Au (b), Ag (c), and Cu(d) was corrected to that of the spectra measured by institute CJ.
Spectra before and after correction are shown in upper and lower panels, respectively.
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