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When | was asked by Prof. Shimizu to join VAMAS project in 1985, my work on the practical surface analysis
started. Then | organized interlaboratory studies with the help of many colleagues. The objective of the first
interlaboratory study was to investigate the reliability of relative sensitivity factors using Au-Cu alloys and Ni-
Co dloys. To analyze the experimental data, we had to treat spectral datain acomputer. Therefore, we started to
develop software which could convert the data file structure to a common one. This software was called
Common Data Processing System (COMPRO). Then, we tried to find calibration procedures for energy and
intensity scales to construct spectral databases. We carried out interlaboratory study, and proposed the useful-
ness of a spectrometer function for the energy scale calibration. To calibrateintensity scale, we used Cu spectra
taken on absolute CMA manufactured by Prof. Goto. At present, COMPRO has data processing algorithms and
databases, and can be downloaded from the home page of Surface Analysis Society of Japan (SASJ). We aso
prepared GaAs/AlAsreference material for depth profiling, which is now available from SASJ. For the practical
analysis, it wasimportant to set the analytical condition without beam damage. To investigate the beam damage
in XPS, we carried out interlaboratory study using three kinds of organic materials, and proposed that poly(vinyl
chloride) and nitrocellulose + cellul ose acetate would be good specimens for the indicators of x-ray source flux.
SO TC201 was established in 1991, and SASJwas founded in 1995. These societies enhance the unification of
surface analysts, and will lead to the establishment of practical surface analysis.

I would like to express my sincere thanks to my colleagues. Without their cooperation, | could not have left
any footprint on the field of practical surface analysis.

1.Introduction

My first research on surface science started from the
measurements of surface self diffusion coefficients of met-
als. In this research, we investigated the effect of oxygen
pressures on the surface self-diffusion coefficients of Fe[1]
and Ag [2], and proposed the relationship between surface
salf-diffusion coefficientsand metal surface structures. How-
ever, at that time, we had no apparatus to determine surface
compositions of metals, so we installed AES with asample
heating stage in the laboratory. Then we investigated the
surface segregation of S, P and O on the surface of Fesingle
crystal at high temperatures, and proposed the order of sur-
face activities of impuritiesin Fe[3]. In this experiment, we
converted peak intensities to concentrations using relative
sensitivity factors. Though | had doubts about the applica-
bility of relative sensitivity factorsto materials at high tem-
peratures, we had no other way to determine surface com-
positions at that time. We continued the investigation of the
surface composition change of metals at high temperatures,
and found the surface precipitation of graphite on low car-
bon steel [4], TiC on 321 stainless steel [5] and BN on stain-
less steel doped with B and N [6]. The precipitation behav-
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ior of TiC was applied to the adhesion between ceramics
and metals[7,8], and that of BN was applied to the improve-
ment of the property of vacuum chamber [9, 10].

Besides the research on surface composition change of
metals, we measured diffusion coefficients of metals along
grain boundaries of thin films, and found that the diffusion
coefficients of metalsin metalic thin filmswere very large
[11]. So we proposed the application of this phenomenon to
agetter material of vacuum pump [12,13]. During these re-
search works, my main concern was the surface composi-
tion change of materials at high temperatures, and | aways
used relative sensitivity factors for the quantification.

In 1985, Prof. Shimizu asked metojoin VAMAS program.
Thiswasmy first step in thefield of practical surface analy-
Sis.

2. Relative Sengitivity Factors

At that time, my principal interest was the reliability of
relative sensitivity factors, which were widely used in the
field of practical surface analysis, and | believed it was the
main mission to give aguideline for using relative sensitiv-
ity factors to determine surface compositions. Therefore,
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we proposed the project on the reliability of relative sensi-
tivity factorsfor AESin VAMAS TWA2, and this was ap-
proved asaVAMASNo.17 project. Inthis project we carried
out interlaboratory study using Au-Cu alloys with the col-
laboration of 18 institutes. In this study, we could say that
the error of the surface concentration calculated with pure
Au and pure Cu asthe reference materialslied between about
3 % and 10 %, and that with the relative sensitivity factors
lied between about 7 % and 20 % [ 14,15]. We dl so carried out
interlaboratory study on relative sensitivity factorsfor XPS
using Au-Cu aloys (VAMAS No.25 project), and 19 insti-
tutes participated in this study. The coefficient of variations
of measured surface concentration by XPS lied between 2 %
and 6 %, if pureAu and Cu were used as reference materials
[16].

3. Sharing Spectral Data

After Au-Cu aloy study, interlaboratory study on quan-
titative analysis of Co-Ni alloys (VAMAS No.20 project)
started [17]. In the case of Co-Ni aloy, however, some of the
peaks of Co and those of Ni overlapped. Therefore, we had
to treat spectral datain digital form to calculate surface con-
centration. To achievethis objective, we started the VAMAS
No.30 project, the objective of which was to develop the
software to process spectral data in a computer [18]. We
called this software Common Data Processing System
(COMPRO). To treat spectral data taken on different ma-
chinesin digital form, the spectral dataformat must be com-
mon. Therefore, we installed the routine into COMPRO to
convert datafileformat to the standard one (VAMAS N0.29
project) [19]. This standard format is now 1SO 14976. By
incorporating the standard data format conversion routine,
COMPRO could display the spectrataken on different ma-
chines simultaneously.

To share spectral data, a practical and simple procedure
for calibrating the energy scale had been necessary. So, we
carried out interlaboratory study on AES energy scale cali-
bration using Ni with the collaboration of 11 institutes[20].
In this study, the spectrometer offset function was intro-
duced to calibrate the energy scale by referencing to the
peak energies of Au, Ag and Cu [21]. By calibrating the
energy scale using the spectrometer offset function, the
scatter in the peak positions of Ni M_VV and L _VV were
decreased remarkably. The standard deviationsfor Ni M_VV
and L V'V peakswere found to be decreased from 1.9 eV to
0.21 eV andfrom 1.36 eV t0 0.49 eV, respectively. Thesere-
sults showed that the calibration procedure with a spec-
trometer offset function was very effective and could be
suitable as a possible standard calibration method. Thiscali-
bration procedurewas aseed of 1SO 15472, 17973 and 17974.

It wasasoimportant to calibratetheintensity scale. There-
fore, we manufactured the ‘ standard’ channel electron mul-
tiplier, which was compatible with Faraday cup [22]. Prof.

Goto manufactured the ‘absolute’ CMA and obtained * stan-
dard’ spectraof Cu[23]. Wecarried out interlaboratory study
on the energy dependence of sensitivity in AES with the
cooperation of 29 institutes using ‘ standard’ spectra of Cu
[24]. The intensity calibration procedure using ‘ standard’
spectrawasincorporated into COMPRO [25,26].

4. Sputtering

In the practical surface analysis, it is quite common to
carry out the sputtering to get depth files. We prepared the
GaAgAlAs multi-layered material [27] and obtained there-
lation between the interface resolution and ion energy. The
relationship between interface resolution (Az) and ion en-
ergy (E) was obtained asAz= Az, +kE , where Az, ~1.6 nm, k
~1.5(nm/keV) [28]. The GaAJAlAsmultilayered materia is
now registered asareference material (NIMC CRM 5201-a)
for depth profiling in ISO 14606, and available from http://
sag.grjp.

Prof. Hofmann proposed MRI model, and we applied his
model to the GaAs/AlAs multi-layered material using
COMPRO. We could get asimulated depth profile using the
MRI model in COMPRO, and estimate roughness and mix-
ing factors[29].

5. Beam Damage

It was important to set the analytical condition without
beam damage. We checked the stability of MgO, Al,O, and
SiO, during AES[30]. The main factor affecting the change
of surface compositions was found to be the electron beam
current density. The stability of ceramicswasrelated to their
free energies of formation, and we proposed the analytical
conditions to minimize the dissociation during AES experi-
ment. We also investigated SiO, case more closely, and pro-
posed a theoretical model for electron stimulated desorp-
tion and gas adsorption on the solid surface [31].

In XPS, it isoften observed that x-ray flux causes changes
in the surface structure and chemistry in the surface region
of organic materials. We conducted an interlaboratory study
on the degradation of polymersasVAMASADS project [32].
40 laboratories participated in this study. From this experi-
ment, it was concluded that the rate constant of the degra-
dation for poly(vinyl chloride) and nitrocellulose + cellulose
acetate could be obtained from the peak intensity changes
of Cl 2p and N 1s photoelectrons respectively, and these
polymers would be good specimens for the indicators of x-
ray sourceflux.

6.COMPRO

COMPRO originaly had been designed to treat spectral
data taken on different machines in a computer. When the
spectral data structure was converted to a common format,
COMPRO could assess the data processing procedures pro-
posed by scientists, calibrate a spectrum, and construct
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spectral databases [33]. So, we constructed spectral data-
base by the volunteer work of Surface Analysis Society of
Japan (SASJ), and it was retrieved by InterNet [34,35].
COMPRO has been upgraded many times[36,37], and the
latest versionis8.1. From version 4, COMPRO can be down-
loaded from the home page of Surface Analysis Society of
Japan (http://www.sas.jp). By using COMPRO, one can
convert the format of spectral and depth profile datato 1SO
format, and attach calibration information of energy andin-
tensity scales to spectral data. At present, COMPRO has
data processing algorithms such as zooming, deconvolution,
differentiation, smoothing, background subtraction, peak
fitting, quantification, qualification, film thickness measure-
ment and so on. COMPRO also has databases for physical
properties of elements, standard spectra, reference spectra
and AES absolute spectra measured by Prof. Goto. Refer-
ence spectra database has been constructed by the volun-
teer work of SASImembers. Their contribution isvery much
appreciated. The help menu of COMPRO shows the recent
information of 1SO standards determined by 1SO TC201.

7. SurfaceAnalysis Society of Japan

Wefounded the Surface Analysis Society of Japan (SASJ)
in 1995. SASJ promotes national and international collabo-
rative researches, holds symposia and publishes related
documentsin order to improve the authenticity and the stan-
dardization of surface analysis techniques. SASJhas been
a bed for the interlaboratory studies of VAMAS, and pro-
motes construction of database for surface analysis. Mem-
bers can improve their skill and knowledge at regular meet-
ings. Journal of Surface Analysisis published regularly from
the society, and the series of International Symposiaon Prac-
tical Surface Analysisare held.

8.1S0 TC201

SO TC201 was established in 1991 by the proposal of
Japanese Industria Standards Committee (JISC). The scope
of the committeeisthe standardization in thefield of surface
chemical analysis. At present 10 member bodies participate
as P-member, and 20 member bodies participate as O-mem-
ber. TC201 has 9 subcommittees and 1 working group. The
first chair of TC201 was Dr. Powell, and then succeeded by
Prof. Shimizu. At present | am working asachair. TC201 has
published 27 standards, and | believe TC201 is one of the
most successful technical committees of 1SO. Surface analy-
sis becomes matured, and iswidely used in many industrial
fields. Therefore, it becomes important to publish standard
procedures to guarantee the surface analysis results.
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