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Development of a framework for risk tradeoff analysis associated
with substitution of chemical substances

—An approach to risk assessment using relative comparison—

Masashi GAmo* and Jun-ichi TAKESHITA

A chemical substance is often substituted for another to reduce risks caused by the original substance. However, the replacement may be
associated with new risks, which introduces a risk tradeoff problem. Although the concept of risk tradeoff analysis has been proposed,
no feasible method has been developed. In this study a new assessment method was proposed based on relative risk comparison among
substances through an examination of some possible approaches. Case studies were also conducted to assess the efficacy of this method.
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A first empirical analysis of JIS lifespan

—Implications for the review system of de jure standards—

Suguru TAMURA™?>?

In this study, we normatively discuss the road map scenario to improve the management system of standards and then to improve the
national innovation system. In AIST, there are many research projects of standards’ generation, but the research about the management
of established standards is rare. For this purpose, factors related to the lifespan of de jure standards are examined. We especially focus on
the effect of technological categories of standards on lifespans. Under the system used by the Japanese Industrial Standards Committee,
the review period for standards is five years, and it has not been changed for several decades. The system of ISO has been in the same
situation for several decades as that of Japan Industrial Standards (JIS). By using the record of about 4500 JIS standards, the de jure
standards of some industrial technology areas are shown to have a tendency toward longer lifespans. Depending on the obtained study
results, we proposed a road map scenario to improve the national innovation system through the management of standards, which incurs

less administrative costs and makes timely market creation.

Keywords : Lifespan, de jure standard, review interval, technological category

1 Introduction

In this study, we normatively discuss innovation to improve
the management system of standards in a science and
innovation policy perspective. For this purpose, we focus on
the review system of the standards. Through this study, we
have found that the review intervals of standards are fixed
regardless of technological fields and the system has been the
same for decades from the previous century. This system is
the same for international standardization organization such
as International Organization for Standardization (ISO) and

de jure standards in Japan.

The research on standards in terms of innovation management
is still in its introductory phase.™ This study focuses
on de jure standards, as set by governmental agencies,
rather than on de facto standards, which are the results of
market competition. De jure standards are fundamental for
innovation. For example, MPEG (Motion Picture Experts
Group), the digital format for exchanging moving pictures,
is standardized as a de jure standard and is widely used
to exchange digital movies. A topic of research in the
formation of the standards is the parallel development of
standards and R&D activities. However, in the case of R&D

of a public research institution in Germany (BAM: Federal

Institute for Materials Research and Testing), previous
research pointed out that standardization does not move
parallel to the R&D results of published papers in the field of
basic research.”! This implies that the formation of standards
does not necessarily contribute directly to innovation. In the
case of the US research institute for standards, the National
Institute of Standards and Technology (NIST), the evaluation
of individual R&D projects is still in the preliminary stage.
¥ This case also shows that the formation of standards (pre-
formation) itself is only a part of the national innovation
system and we need to explore how to manage standards
(post-formation). In this study, we explore the management
system of formed standards, with the aim to achieve an
efficient national innovation system. We suggest a road map
scenario, which includes both pre-standardization and post-
standardization steps to improve the national innovation
system through an efficient management system of standards.
We base our analysis on the survey of a number of research
articles related to standardization released by the National
Institute of Advanced Industrial Science and Technology
(AIST).

In this study, we focus on a public national research
institution, AIST in Japan, as in the above-mentioned research

in Germany.® In AIST, there are many research projects
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focusing on standards’ generation, but there seem to be no
research on how to manage already established standards, in
their innovation scenarios. There has been little research and
almost no discussion about the role of standards after their
formation for the transformation of laboratory technologies
into market practices. More discussion is needed on this issue
in terms of integration of related elements including both
social and technological factors."”! We especially need further
discussion to clarify the links among R&D results, standards’
formation (pre-standards’ formation) and standards’
management (post-standards’ formation) in different
innovation scenarios, both nationally and internationally.
The OECD Frascati manual, the international guideline for
innovation measurement since 1963, does not discuss how
to manage already formed standards.” From the economic
perspective, researchers have been focusing more on why and
how standards are formed, rather than how we normatively
manage already formed standards./" "

How do scholars and practitioners approach the topic
of standards’ management after they are formed? One
fundamental aspect is the lifespan of standards. The
importance of this aspect is easily inferred from the case
of patents and copyrights. The legal lifespan of patents and
copyrights is a key factor to determine the value of patents
and copyrights, after they are formed. The legal lifespan
of patents is 20 years in Japan, but in some technology
areas, like biotechnology, it can be extended to protect the
value of patents. The lifespan of patents is a matter of value
management for innovation. We ask whether we already
have sufficient knowledge about the lifespan of standards
to manage existing standards. It seems clear that we do
not. We have surveyed the existing knowledge and several
factors related to the lifespan of de jure standards, which
are examined from the standards’ management prospective.
Among all factors, we focus on the effect of the technological
category of standards on their lifespans. Our results
suggest a management system of standards leading to less
administrative costs and achieving timely market creation.
This management system is normatively presented in a
following road map scenario for innovation.

2 Background

In AIST, there are many research projects reflecting a wide

Synthesiology Vol.9 No.4 (2016)

range of technology sectors. In addition, several research
projects involve standardization. AIST is organized into 5
departments and 2 centers, which range from life science and
information technologies. Its budget is about 1269 million
USD for 2014. AIST is conducting research with a focus on
industrialization. It has about 2200 researchers and it is one of
the largest R&D institutions in Japan. The institution is also
in charge of national measurement standards in Japan, like
the National Institute of Standards and Technology (NIST)
in the US. It promotes international standardization as part of
its open innovation strategy."” In terms of policies, AIST is
an affiliated agency of the Ministry of Economy, Trade and
Industry (METI). METI is in charge of the management and
formation of de jure standards in Japan, known as Japanese
Industrial Standards (JIS), and of the country’s innovation
policy. Because of this twofold organizational structure, there
is much research related to standardization conducted at
AIST, in various technology fields. In addition, the AIST staff
plays a key role in both the committees of the International
Organization for Standardization (ISO) and the International
Electrotechnical Commission (IEC). While 48 researchers
from AIST have served as chairs, secretaries and conveners,
258 researchers have participated in meetings of those

organizations as experts.!"”

In terms of standardization, the research conducted at AIST

includes the following topics:

1. Environmental analysis methods of hazardous
chemicals;™

2. Production and utilization of thermophysical property
data;™

3. High pressure gaseous hydrogen;*®

4. Four dimensional radiotherapy system;™"

5. Secure password authentication schemes;!"”!

6. Methodology for designing cryptographic systems;"
7. Utilization of thermophysical property data;™?
8. SOFC systems;!"”

9. Font size for elderly people;™”

10. SOFC cell/stack power generation performance tests;*”

11. Utilization of observational data;*

12. Analysis method for oxygen impurity in magnesium
and its alloys;**

13. Automotive navigation and route guidance system:?*

14. Thermoelectric hydrogen gas sensor;?*
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15. Safe usage of moving images;™”!

16. Evaluation device of cosmetics for UV protection;"

[27]

17. Cryptographic modules;

18. Three-dimensional shape for supporting industry;”"

[29]

19. Geological map;

20. Accessible design for senior citizens.”

However, these studies mainly focus on the formation
process of standardization (pre-standards’ formation),
without consideration of the management of standards after
their formation is completed (post-standards’ formation). In
our study, we also present a roadmap to innovation after the
standards’ formation is completed so as to integrate R&D
results and standardization activities more effectively and
comprehensively. This knowledge could improve the results
of R&D in social settings, reducing their management costs

and increasing efficiency.

In Japan, de jure standards are prepared by the Japanese
Industrial Standards Committee (JISC). Such standards are
reviewed every 5 years to decide whether standards are to
be terminated, revised, or continued. The review interval
has been fixed to a 5-year period, regardless of technological
differences for several decades. However, some standards
may not need to be reviewed so often. Previous studies did
not show the distribution of the lifespan of each standard and
this led to a fixed review interval. If the statistical evidence
regarding the lifespan of standards is provided, a more
appropriate review interval can be considered, following the
academic evidence. We can use the knowledge of the lifespan
for the international standardization organizations such as
ISO since ISO also has been using the fixed interval review

system for several decades.

Producing new standards and then maintaining them requires
both human and financial resources. Under the current JISC
rules, standards are reviewed every 5 years. Is the fixed
S-year review interval the most adequate, in a scientific
perspective? This is the fundamental research question of
this study. Our results show that the standards in specific
technological categories tend to have longer lifespans. These

standards can be revised to make their review periods longer.

For the sake of this study, the lifespan, defined as the number

of years between the establishment of a standard and its end,

— 200 —

was the dependent variable in our model. Several factors
supposed to be related to the lifespan are used for statistical
analysis. Specifically, the following factors are considered: 1)
technological category; 2) relationship with an international
standard; 3) legal status (e.g., whether the standard has been
incorporated into legislation yet); 4) revisions (e.g., revision
of contents); and 5) type of standard. The relationship among

these variables is defined as follows:

Lifespan of standard = f (technological category,
relationship with an international standard, legal
status, revision, type of standard).

@

Technological category is supposed to have a relationship
with lifespans because the product lifecycle (e.g., technology
lifecycle) is related to the lifespan of standards. In addition,
international standards are supposed to have an effect on
lifespans because changes in an international standard, such
as a standard of the ISO or IEC, can lead to corresponding
amendments in the JIS system. The revision status of a
standard may have a relationship with lifespans because
revisions are presumed to lead to a renewal of the technology
targeted by the standard. The type of standards may also
have a relationship with lifespans because the production
standards will no longer be necessary once a product has left

the market.

For the sake of this study, the e-JISC, the electric database
of reference for METI, was used. This database is used for
administrative purposes, and it has been used for this type of

analysis for the first time in this paper.

In this study, about 4500 JIS are surveyed. Our major

contributions are as follows:

1) The lifespans of JIS in each technological category is
first investigated and the data we obtained are shown in
figures;

2) We found statistically significant differences in the
marginal effects of technological categories on lifespans.
As a result, the standards of certain technological sectors
are observed to have longer lifespans than others. This
evidence leads to support a flexible interval system;

3) Based on our results, we proposed a road map scenario

Synthesiology Vol.9 No.4 (2016)
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to improve national innovation systems through the

management of standards.

3 Literature review and hypothesis formation

3.1 Management of standards

The existing research on the management of standards is
mainly focused on how to form standards.* How to manage
already formed standards in terms of innovation systems has
not been recognized as a fundamental research topic so far,

for the following reasons:

1) The formation of standards is still the main interest among
researchers and research on the management of standards
is still in its introductory phase;

2) Lack of available data for the purpose of standards’

research.””

3.2 JIS preparation process

JIS are mainly prepared to meet the needs of the private
sector. Around 80-90 % of JIS are newly established or
revised as a consequence of proposals from the private sector
under Article 12 of the Industrial Standardization Act.*®
In the formation process of standards, a draft for the JIS is
prepared by a group of interest. This draft is then submitted
to a drafting committee whose participants are drawn from
producers, users, and third parties. If this step is successful,
then, as the next step, the confirmed draft is sent to JISC.
Finally, JISC deliberates about the draft and the standard may

be authorized.®?

3.3 Effective terms of de facto standards

Several studies have focused on the effective terms of de facto
standards, but they do not include de jure standards in their
scope. Known as the most famous case study on the effective
terms of de facto technology standards, David™ investigates
the standard of QWERTY typewriters. In his research, it was
noted that such technology standards lasted for about 100
years without revision, not even after more efficient keyboard
arrangements were developed. The key arrangement that was
first developed is not the most efficient arrangement possible
and was, in fact, designed to reduce typing speed. This feature
of the design was important at the time of its introduction
about 100 years ago because the typing speed of humans was

faster than the mechanical capabilities of typewriters.

Synthesiology Vol.9 No.4 (2016)

Today, nearly all typewriters have been replaced by
personal computers. Inputs can even be provided to personal
computers through a virtual touch screen keyboard instead
of a physical keyboard. Hence, replacing the arrangement
of keyboards would improve efficiency. Nevertheless, the
QWERTY keyboard layout is still in use, even in touch
screen interfaces. This case shows a lock-in effect, strong
enough to effectively prevent changes in the basic interface
of personal computers. David used this case to illustrate the

persistency of standards.”

Another case study focusing on de facto standards in the
fields of audio-visual and information technologies was
conducted by Yamada.”® This research showed that a de facto
standard is established when the market share of a product
reaches 2 %—3 %. David’s research explained the persistency
of standards in terms of a lock-in effect, focusing on human
learning, but not all factors related to market dynamics were
analyzed. Yamada’s research gives some guidelines about
the timing of formation for de facto standards, but not all
determinants other than market share were discussed. In both

cases, the focus is on de facto standards.

Although these studies discussed the effective terms of
standards, they did not normatively discuss a scenario to
improve the management system of standards, depending on
their research results. Our study suggests a way to improve
innovation systems through the effective management of
standards.

3.4 Other related research

There are several related studies to be taken into account.

3.4.1 International standards

The relationship between international standards and
international trade flows was studied by Blind and
Jungmittach.® As for the consistency between JIS and
international standards, about 6,000 of the 10,000 JIS were
related to international standards.® Harmonizing with
international standards has become more important after the
introduction of the World Trade Organization’s Technical
Barriers to Trade (TBT) agreement in 1995. Since then, JISC
has been promoting consistency between JIS and international
de jure standards, such as those published by the ISO and
IEC. However, the relationship between the JIS lifespan and

— 201 -



WFZE 5 3L © A first empirical analysis of JIS lifespan (FHA))

international standards has not been studied yet, even after the
TBT enforcement. We control for this effect in the evaluation

of the influence of the technological categories.

3.4.2 Legal usage

JIS are used in some laws and regulations, such as the
Pharmaceutical Affairs Act, the Fire Service Act, and the
Human Resource Development Promotion Act in Japan.
JIS are cited around 6,500 times in the Japanese law.®¥
Nevertheless, the relationship between legal citations and
JIS lifespans has not been studied previously. We control for

this effect in the evaluation of the influence of technological

categories.

3.5 Selection of relevant elements

3.5.1 Overview

The purpose of this study is to find a way to improve the
management of standards. For this purpose, we need to
identify which technological category influences the lifespan
of standards. In addition, we need to introduce a set of control

variables.

In this study, the hypothesis that technological category
effects the lifespan of standards is formulated and examined
through statistical estimation. The economic value of
standards can be measured in several ways. Lifespan is a way
of assessing their value. Under JISC rules, JIS are reviewed
every S years; in the review, it is decided whether to terminate
a standard or not, taking into account the opinion of the
related industrial sector. This means that, if a standard does
not seem to be needed in the 5-year review, such standards
will be terminated. In this research, the lifespan of a standard

is used as a proxy for the economic value of standards.

Although details vary across technological categories, the
lifespan of a standard is supposed to be related to a certain
stage in the product life cycle. When a product leaves the
market, the related standard is supposed to be terminated.
Each standard is associated with a specific technological
category. In the JIS classification scheme, there is a category
for management standards. Management standards are rule-
related standards that are used in organizations and in society
as a whole. This research includes management standards
within the scope of its analysis.

— 202 —

3.5.2 Control variables

3.5.2.1 International standard

Some JIS were prepared on the basis of international
standards to ensure standards to be domestically and
internationally harmonized. In this analysis, “international
standards” refers to ISO and IEC standards. When an
international standard is converted into JIS, it is likely that
there will be both positive and negative effects on the lifespan.
The contents of the associated international standards are
used in more areas and countries than in the case of JIS.
Hence, the relationship with an international standard tends to
produce a strong lock-in effect, and the standard is less likely
to be terminated. Because of this, the lifespan of locked-
in standards will tend to be longer. To control for this effect
on the lifespan, a variable related to international standards

needs to be included in the estimation of the model.

3.5.2.2 Legal usage

Some standards have legal effects, and one of the important
roles of JIS is to provide national rules for Japan, where JIS
represent the de jure set of standards. Some laws use JIS for
quantitative regulation and for reference. As such, this usage
requires stability, to be in line with the regulative purpose,
hoping that such standards will stay in force. In addition, to
change laws and administrative rules that are based on JIS, a
formal process, typically involving Congress or the Cabinet,
is needed. As a result, JIS in legal usage are usually thought
to have a longer lifespan. To control for this effect on lifespan,
a variable related to legal usage needs to be included in the

model.

3.5.2.3 Revision

The revision of standards is likely to extend their lifespan
because, when revisions are made, technological progress is
incorporated into the revised standards. Hence, technological
progress will be reflected in the contents of such standards,
and, therefore, a revision should extend the lifespan of a
standard. To control for this effect on lifespan, a variable

related to revision needs to be included in the model.

3.5.2.4 Type of standard

The type of a standard may be related to its lifespan. For
example, in the case of measurement standards, the described
measurement method may be used to gather information

about the quality of products. However, the need for standards

Synthesiology Vol.9 No.4 (2016)
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concerning specific products will diminish as those products
leave the market. Hence, measurement standards seem, in
general, to be useful over a longer span than product-related
standards. Nevertheless, it is also possible to conceive a
relationship in the opposite direction. In industries where
radical innovation is more frequent than incremental
innovation, innovation in products and measurement cannot
lag behind. Thus, innovation in products and measurement
will happen together. When an obsolete product leaves the
market, the associated measurement methods will also leave
the market. In such industries, measurement standards may
have lifespans similar to those of product standards. This
means that technological replacement will be associated
with the replacement of measurement methods. In short,
in industrial sectors with frequent and radical innovations,
measurement standards will be less static. For example,
when digital media such as CDs (compact discs) were
introduced, the technology related to analog storage media
(like LP records) disappeared from the market. To control
for this effect on the lifespan, a variable related to the type of
standards needs to be included in the model. In addition to
the categories such as 1) product and 2) measurement, there is
the type of standards, which relate to a design and a mark. We

formulate standards of the design and mark.

3.6 Hypothesis

To evaluate the effect of technological categories, we control
for the above-mentioned elements. The following hypothesis
is used in this study for the empirical analysis and scenario

formation:

Hypothesis (H). The technological category of a standard
affects positively or negatively the lifespan of a standard.

4 Method and Models

In this study, the relationship among the above-mentioned

elements is statistically analyzed.

4.1 Model formation

We estimate the following regression to show the relationship
among relevant elements and test the above-mentioned
hypothesis. The dependent variable in the models is the
lifespan, measured in years.

Synthesiology Vol.9 No.4 (2016)

Modell: LIF = constant + i pi TECi

+ control variables + u, o )
where the following is referred:
control variables: ISO, LEG, REV, ESY, and ENY
LIF: lifespan of a standard;
TEC: category of a standard (dummy);
ISO: international standard status (dummy);
LEG: legal status (dummy);
REV: revision (dummy);
ESY: establishment year of a standard (ten-year interval
categories (dummy));
ENY: end year of a standard (ten-year interval categories
(dummy));
constant: constant term; and
u: error term.
In addition, to check the robustness of Model 1, we formulate
Model 2, in which the type of standards is added as a control
variable. In Model 2, to evaluate the effect of the type of
standards (e.g., a) production; b) measurement; c) design
and mark), we add an additional control variable (dummy
variable), as follows:

18

Model2: LIF = constant + Z pi TECi

+ control variables + u, = 3)
where control variables include ISO, LEG, REV, ESY, ENY,
and TOS, and TOS is a dummy variable for the type of

standards. All other variables are the same as in Model 1.

4.2 Method

The ordinary least squares (OLS) analysis is used to estimate
the coefficients of both models and to test our hypothesis. The
statistical package STATA is used for the estimation.

4.2.1 Dataset

In this study, we used data from the e-JISC, the electric
database of reference for the METI officials. The e-JISC
provides data including the information of the JIS Handbook.
B%1 For example, besides the contents of each standard
presented in the JIS Handbook, the e-JISC provides data
relating to JIS, such as, 1) starting time; 2) ending time;
3) amendment time; 4) title; 5) identification number in

a database format. Currently, the e-JISC is prepared and

maintained by METI and used for administrative purposes.
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For this research, we used the database under the academic
cooperation between METI and RIETI (Research Institution
of Economy, Trade and Industry). In this study, we use
such information to build a new data set and we conduct a

comprehensive analysis of the JIS lifespan for the first time.

At present, around 12,000 JIS are in effect, and in the past
about 7,600 have been ended. Only standards for which
complete data are available were chosen. We ended up with
4,483 standards (observations). We first analyzed the lifespan
distribution in each technological category. The distributions
are presented in Fig. 1. The distribution of the lifespan of
standards varies across technological categories.

4.2.2 Variables

A detailed explanation of each variable is reported in Table
1. The categories specified in JIS were used as technological
categories in our models, and dummy variables were
introduced for each category in Table 2. The type of standards
was determined from the description in the title of each
standard, and categorized into 1) product; 2) measurement;
and 3) design and mark. Dummy variables for the time when
each standard was established (beginning) and the time when
each standard was terminated (ending) were introduced, using

ten-year intervals.

The dependent variable in the models is lifespan, measured
in years. As shown in Table 2, we introduce the variables
“cl” to “c19” corresponding to the technological categories
of JIS. The variable “iso_iec” indicates the relationship with
international standards. The variable “legal” indicates the use
of a standard in legislation or for regulatory purposes. The
variable “re” indicates whether a standard has been revised
or not. For the purpose of controlling for the generation
effect, we introduce the dummy variables “yearl0b#” and
“yearlOe#” (Where # represents an index), which represent the
introduction and end years of a standard, respectively.

Among the categorical variables, cl “A: Civil engineering
and architecture” (technological category), yearlObl (starting
year), yearlOel (ending year), and p_type (type of standard)
are used as baseline categories for the empirical estimation.
“A: Civil engineering and architecture” was selected as the
default industrial category due to its adequate number of

observations.
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5 Results and discussion

Table 3 shows the descriptive statistics for all variables. The

OLS regression results are shown in Table 4.

In Model 1, looking at the coefficient on the industrial sector,
the categories (c8) “H: Non-ferrous materials and metallurgy”
and (c13) “Q: Management system” are not statistically
significant. The categories (cl11) “M: Mining” and (c15) “S:
Domestic wares” show a tendency to be significant (p < 0.10).
The other sectors’ coefficients are all statistically significant.
This result supports our hypothesis. Only the category (c17)
“W: Aircraft and aviation” shows a negative coefficient,
although this is relative to that of the baseline category (cl) “A:
Civil engineering and architecture.” In Model 2, we use the
type of standards as a control variable to check the robustness
of the results of Model 1. In both Model 1 and Model 2, the
significance of the results is the same. From the above results,

the model is rewritten as

Lifespan of standard = f (technological category (+/-))
@.

Standards are reviewed at 5-year intervals, but those
standards that are likely to have a longer lifespan would
benefit from longer review intervals. Among all technological
categories, those with larger coefficients tend to have longer
lifespans. Coefficients larger than 2 are highlighted in Table
5, and include (c6) “F: Shipbuilding” and (c2) “B: Mechanical
engineering.” In terms of sectors showing a shorter lifespan,
(c17) “W: Aircraft and aviation” is statistically significant, but
the coefficient is about -1, which is not large in this context.
The difference in the coefficients between the two industrial
categories does not seem large enough to suggest shortening
the review period.

As for the theoretical model of the lifespan of the standards
in the dynamic innovation process, transitions to newer
technologies occur after the market for a prevailing
technology is saturated, and new standards are required
corresponding to the emergence of new markets.?” ™!
Repetition of the sequence generates sequential innovation.
The observed result empirically shows that the time-series

behavior of the innovation processes differs according to

technological categories.
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Fig. 1 Lifespan distribution of JIS standards
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Fig. 1 Lifespan distribution of JIS standards
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Table 1. Explanation of variables

. Notation in .
Variable analytical results Explanation Source Notes
LIF lif Lifespan of standard : The number of years Data from Japanese Standards Dependent variable
while the standard have been in place Association (201 1) and JISC data
TEC 16263 - cl9 Technological category: Dummy variable for Data from Japanese Standards Independent variable
¢l.C=C3 - C technological category Association (201 1) and JISC data
IS0 o International standardization: Dummy Data from Japanese Standards Independent variable
1S0_lec variable for international standardization Association (201 1) and JISC data Control variable
) ) Data from Japanese Standards Independent variable
LEG legal Legal status: Dummy variable for legal usage Association (201 1) and JISC data Control variable
L . . Data from Japanese Standards Independent variable
REV re Revision: Dummy variable revised or not Association (201 1) and JISC data Control variable
ESY car1Ob# giﬁ?::gige“; eaere:lrT:aetZzziixTia;nab:;?g'd‘;r’c'i Data from Japanese Standards Independent variable
Y ) v ’ Association (201 1) and JISC data Control variable
is group number.)
ENY car] Oct iﬁiﬁiﬁ;;z::nye:;rﬁh;g aofitzzrjc%irilassis Data from Japanese Standards Independent variable
Y o v g ’ Association (201 1) and JISC data Control variable
#" is group number.)
Type of standard: Dummy variable for
p_type, starjdard category. dftyp"e .ilndlcates a Data from Japanese Standards Independent variable
TOS m_tvpe design and mark standard; i) “m_type Association (201 1) and JISC data Control variable
d_type indicates a measurement standard; iii) “p_type”
indicates a production standard.

Table 2. Alphabetic JIS technology code and technology area name

Corresponding
Alphabetic JIS technology code and independent
technology area name dummy variable
in models 1 and 2

A: Civil engineering and architecture cl

B: Mechanical engineering c2
C: Electronic and electrical engineering c3
D: Automotive engineering c4
E: Railway engineering ch5
F: Shipbuilding c6
G: Ferrous materials and metallurgy c’/
H: Non-ferrous materials and metallurgy c8
K: Chemical engineering c9
L: Textile engineering cl10
M: Mining cll
P: Pulp and paper cl2
Q: Management system cl3
R: Ceramics cl4
S: Domestic wares clb
T: Medical equipment and safety appliances cl6
W: Aircraft and aviation cl7
X: Information processing cl8
Z: Miscellaneous cl19

Synthesiology Vol.9 No.4 (2016)
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Table 3. Descriptive statistics of variables

Variable Obs Mean Std.Dev. Min Max
1.Independent variable
lif 4483 30.01115 13.75334 5 63
2.Dependent variable
cl 4483 0.068402 0.244815 0 1
c2 4483 0.128485 0.334667 0 1
c3 4483 0.125139 0.330914 0 1
c4 4483 0.024091 0.153349 0 1
c5 4483 0.029445 0.169068 0 1
c6 4483 0.066473 0.249136 0 1
c7 4483 0.018961 0.136401 0 1
c8 4483 0.031229 0.173956 0 1
c9 4483 0.211912 0.408708 0 1
clo 4483 0.034352 0.182152 0 1
cll 4483 0.020968 0.143294 0 1
cle 4483 0.013607 0.115866 0 1
cl3 4483 0.003123 0.055802 0 1
cl4 4483 0.020299 0.141037 0 1
cls 4483 0.038367 0.192103 0 1
cl6 4483 0.033906 0.181007 0 1
cl7 4483 0.013384 0.114925 0 1
cl8 4483 0.052866 0.223792 0 1
cl9 4483 0.069373 0.254116 0 1
Control Variable
iso_iec 4483 0.152353 0.359403 0 1
legal 4483 0.003569 0.059641 0 1
re 4483 0.711131 0.453288 0 1
d type 4483 0.009146 0.095205 0 1
m_type 4483 0.167076 0.373085 0 1
o_type 4483 0.823779 0.381051 0 1
yearl0b] 4483 0.002454 0.04948 0] 1
year10b2 4483 0.348204 0.476454 o] 1
year10b3 4483 0.227303 0419137 0 1
year10b4 4483 0.158822 0.365551 0 1
year10b5 4483 0.119563 0.324486 0] 1
year10b6 4483 0.107963 0.310369 0 1
year10b7 4483 0.03569 0.185538 0 1
yearlOel 4483 0.05242 0.222898 0 1
year0e2 4483 0.498996 0.500055 0 1
year10e3 4483 0.326121 0.468844 0 1
year10e4 4483 0.122463 0.327856 0 1
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Dependent variable: lif

Independent variable

model 1
(coefficient/t-value)

model2
(coefficient/t-value)

1.Technological category

c2 2.0567 2.0542
[7.30]** [7.28]***
c3 [ TN V' o < I 10972 T
[3.86]*** [3.84]**
o4 [ - To' - 12039 T
[2.75]*** [2.747***
o5 [ I T 1= S 11844 T
[2.91]** [2.91]*
6 T 3gseo [T 38403 T
[11.89]*** [11.85]***
c7 7T 22717 T 22738 T
[4.63]*** [4.647***
8 7T 02524 T[T 02551 7
[0.63] [0.64]
c9 T Yagge T 14918 T
[5.577** [5.58]***
clo |TTTTTTTT 22951 T[T 2208 T
[5.88]*** [5.897***
crr [T oggog T[T og7ss T
[1.9171* [1.907*
crz [T 2987 [T 27002 T
[4.95]** [4.92]***
ciz 7T IRtV R I 1-7- R
[-1.08] [-1.08]
cl4 [ VT B 13335
.............. ) Y |- ) A
cls 0.6355 0.6399
[1.701* [1.7171*
c16 [T 20833 [T 2057 7
[6.15]*** [6.15]***
Y 13000 [T 12986
[-2.36]1** [-2.35]**
c18 [ I =71 R R 10824 T
[2.83]*** [2.78]***
cl19 I =711 R 12466
[3.907*** [3.9071***
constant | sse928 | T 356594
[29.047*** [28.98]***
2.Control variable
ISO yes yes
H=cJ I ves [T ves
RV | T Y S ves
esy | T N vea
eny [T ves [T ves 7
Tos T no T[T ves T
R-squared 0.9231 0.9231
Adj-R-squared 0.9226 0.9225
N 4483 4483

NOTE: [ ] t-value, * p<0.1, ** p<0.05, * p<0.01.
Control variables: 1)international standardization(ISO), 2)legal status(LEG), 3)revision(REV), 4)established
year(ESY) and 5)end year(ENY) are included in both models. Type of standard(TOS) is only included in the model2.
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Table 5. Technology categories and coefficients

Positive Negative Significant level Notes
coefficient coefficient (Model 1/
(Model 1/ (Model 1/ Model 2)
Model 2) Model 2)
A: Civil engineering and architecture cl(Base
group)

B: Mechanical engineering 2.05/2.05 HAE rokk c2

C: Electronic and electrical engineering 1.10/1.09 HAK Rk c3

D: Automotive engineering 1.20/1.20 HAK JRHK c4

E: Railway engineering 1.18/1.18 R AAE cb5

F: Shipbuilding 3.83/3.84 Ak roxx c6

G: Ferrous materials and metallurgy 2.27/2.27 Ak K c7

H: Non-ferrous materials and metallurgy c8

K: Chemical engineering 1.48/1.49 ok ok c9

L: Textile engineering 2.29/2.29 ok ok cl10
M: Mining 0.88/0.87 */* cll
P: Pulp and paper 2.69/2.70 HAE [rokk cl2
Q Management system cl3
R: Ceramics 1.34/1.33 Rk roxx cl4
S: Domestic wares 0.63/0.63 */* clb
T: Medical equipment and safety appliances 2.05/2.05 Rk cl6
W: Aircraft and aviation -1.30/-1.29 R cl7
X: Information processing 1.05/1.05 ok Ak cl8
Z: Miscellaneous 1.24/1.24 ok ok cl19

Note: Coefficients with absolute value greater than 2 are highlighted. (*p < 0.1, *p < 0.05, **p < 0.01)
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6 Future scenario and policy implications

In Fig. 2, we present a road map scenario for the future
development and further integration of the elements presented.
We propose a scenario that covers both short-term and long-
term outcome goals. The current scenario, as implicitly shown
in AIST research, only focuses on a short-term scenario.
Our scenario includes both pre-standardization and post-
standardization management, while the current roadmap
includes only pre-standardization management of invented
technology. Moreover, the pre-standardization management
mainly focuses on the R&D perspectives. Today, standards
play an important role and, in some cases, standards are
essential for the formation of new product markets. Standards
play an important role in the dynamic change of the product
life cycle. Innovation and standards are complementary to
each other.””™™ Previous research mainly discussed the first
stage of the proposed scenario “1. R&D and standardization.”
In this study, we show that we can improve the scenario
focusing on “2. Integration of relevant elements.” Knowing
that lifespan varies across technological categories, we can
improve the management system of standards, focusing on
the post-standardization phase. As a result, we can introduce
a third stage “3. Improvement of the management system of
standards,” achieving more effective management systems
for the established standards and timely market creation, and
obtain “4. Improvement of the innovation system,” which
means the establishment of a platform for the management of

standards for innovation systems.

We suggest the possibility to reduce the administrative
cost of maintaining standards simply by allowing longer
review intervals of standards. This is the key feature of the
proposed stage “3. Improvement of the management system of
standards.” The current interval of 5 years could be extended
for some categories, as suggested by the coefficients in our
estimation results. The results from Models 1 and 2 suggest
that the following industrial categories are ideal candidates for
less frequent reviews: (c2) “B: Mechanical engineering;” (c6)
“F: Shipbuilding;” (c7) “G: Ferrous materials and metallurgy;”
(c10) “L: Textile engineering;” (c12) “P: Pulp and paper;”
(c16) “T: Medical equipment and safety appliances.” De
jure standards are prepared and used across both developed
countries and developing countries, even though de facto
standards are established by corporations from developed
countries. The aim of this research is also to help improve
administrative systems based on de jure standards, including
the ISO and IEC, around the globe. Such reforms would
improve national innovation systems both in developing
and developed countries, through the improvement of the
management system of standards.

6.1 Theoretical contribution

We identified the key determinants of the lifespan of
standards and the relationship as Lifespan of standard = f
(technological category (+/-)). This result leads to a different
treatment of standards across technological categories. As
the timely creation of a market is essential in the current
innovation system, a correct timing for standards’ review

Scope of found scenario from this study

I Previous scope of scenario I

Integration

Knowledge
of
difference
of lifespan

Integration of short-term
outcome goals with
long-term outcome goals

Short-term outcome goals

2.Integration of
relevant elements

4.Improvement of
"~ s  theinnovation system
[

N

3.Improvement of management
N
system of standards

Long-term outcomie gaals
7

Fig. 2 Road map scenario for the improvement of the national innovation system through the management of standard

Synthesiology Vol.9 No.4 (2016)

—-211—



WFZE 5 3L © A first empirical analysis of JIS lifespan (FHA))

is important and can lead to the implementation of more

valuable standards. This is expressed as

max (Value of standards) = f (t*),

where t* is the equilibrium point of the review period in terms

of the value of standards, in each technological category.

6.2 Managerial contribution

Our result shows that we can use the lifespan of standards as
tools for the management of such standards, as in patent or
copyright legal systems. We can reduce the administrative
and related transaction costs for reviewing standards. We
can adjust the current 5-year interval to longer intervals, for
some categories, as our estimation results (Table 5) seem to
suggest. Through this empirical analysis, a comprehensive
management scenario for both the pre-standardization and
post-standardization periods is presented for the first time
as an explicit conceptual framework. This result applies
to both the international standards’ system in ISO and
IEC and to each country’s de jure standards’ management
system. Our result has potential global implications, since
de jure standards are necessary tools in both developing and

developed countries.

7 Further study

We study the general tendency of each technology sector. The
next study will aim to investigate the lifespan and the reason
behind each technology standard. For this, it is necessary
to know the nature of the technology. The role of standards
in terms of product life cycle should be discussed for each

related product.

We proposed the scenario in Fig. 2. To improve the mindset
for fostering innovation through the review term of the
standardization, it is necessary to check the difference in the
lifespan of each technology field when JISC plans the review

schedule, which usually occurs on a yearly basis.

8 Conclusion

In our study, we presented a roadmap to innovation after
the standards’ formation is completed so as to integrate
R&D results and standardization activities more effectively

—-212 —

and comprehensively. For the purpose, this study focused
on the lifespan of standards as the variable of interest. We
normatively discussed the review interval of standards. First,
we found an empirical relationship between the technology
sectors and the lifespan of standards. This means that
differences in technological characteristics have a strong
influence on the lifespan of de jure standards. This is true
for industrial sectors, such as (c6) “F: Shipbuilding” and (c2)
“B: Mechanical engineering.” We can optimize the review
periods of standards following these results. In some contexts,
extending the review interval can be appropriate. This may
lead to a reduction in the cost of maintenance of standards and
to adequate market creation. We also presented a road map
scenario, focused on both the pre-standardization and post-
standardization periods, to improve the national innovation
system through the revision of the management system of
standards, by referring to the research result of standardization
in AIST. This result is beneficial to public agencies in Japan,
as well as to international organizations, such as I1SO, which
deal with de jure standards with fixed review interval systems

for several decades.
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Discussions with Reviewers

1 Overall
Comment (Naoto Kobayashi, Waseda University)

This paper presents original results, which are useful and
interesting from the viewpoint of optimizing the review period
of the standards that contribute to innovation. The process is
expected to help the efficient management of standards. Therefore,
this paper deserves to be published in Synthesiology owing to the
improvement of the synthetic method of logical expression.
Comment (Hiroaki Tao, AIST)

By analyzing about 4500 JIS standards, this paper describes
the influence of factors, such as technology categories, 1SO
standards, legislative application, review records, and the type of
standards (design, measurement, and product), on the lifespan of
standards. The paper is a valuable contribution to be published
in Synthesiology as there have been no papers that address the
lifespan of de jure standards and the policy implications for
innovation systems based on the improvement of technology
standards’ management.

2 Relevance of lifespan to the standards’ properties
Comment (Naoto kobayashi)

The lifespan of standards was investigated by introducing
the technology category as an independent variable in the
regression analysis. It is necessary to analyze the relevance of the
lifespans to the properties of the lifespan distribution shown in
Fig. 1. For example, in C: Electronic and electrical engineering,
the frequency of the lifespan decreases almost monotonically
toward the longer lifespan. In T: Medical equipment and safety
appliances, it is found that many specific standards have a lifespan
of about 50 years. I recommend that you describe the relevance of
the results of your current analysis to the properties of standards
in the corresponding technology category.

Answer (Suguru Tamura)

The aim of this study is to present a statistical analysis
for the existent categories. It is possible, however, to study the
characteristics of technology standards and their statistical
properties in a narrower technology classification. Examining
the reason why individual standards differ in age is a subject
for future research. This point is added in Chapter 7, “Further
research.”
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3 Revising the review interval of standards
Comment (Hiroaki Tao)

This study’s proposition that innovation systems can be
improved through the management of standards in addition to
the formation of technology standards is novel and important.
However, the resulting policy implications are limited to extending
the review interval and, as a consequence, seem to focus only on
the reduction of management costs. The recommendation is an
obvious one. Could you present a recommendation on reducing
the review interval that would improve innovation speed?
Answer (Suguru Tamura)

According to the results presented in Table 5, the coefficient
is large enough to serve as evidence in support of our discussion
on the policy implications. Several coefficients are positive
and almost exceed the value two. This value corresponds to the
situation where the review interval tends to be 50 % longer than
the current five-year interval. Nevertheless, there are not enough
large and negative coefficients. Hence, in the discussion on
policy implications, we consider only the extension of the review
interval.

4 Technology classification and review intervals
Comment (Hiroaki Tao)

In Fig. 1, B (Mechanical engineering) and K (Chemical
engineering) seem to have two peaks. This suggests that setting
a single and fixed review interval, which depends on the existing
technology categories, is not rational. Could you comment on
this?

Answer (Suguru Tamura)

Under the current system, reviews with a specific interval
are a requirement. Hence, to formulate policy recommendations,
it is necessary to consider a review interval. In our analysis, the
review periods correspond to the pre-existent JIS technology
categories, and the revision of the review period is suggested
according to those categories. This suggestion depends on the
existing framework for technology classification. In addition, we
study the factors that affect the age of technology standards in
each technology category as a whole. Let us consider the example
of smoking and the health risk it poses from the medical point
of view. There are smokers, who do not suffer from lung cancer,
but, on average, the ratio of cancer sufferers is higher among
smokers when we consider the difference between groups of
smokers and non-smokers. When we contemplate this result in
the context of policy implications and the policy framework, we
consider the average figure for each group, rather than data on
a single individual. This example illustrates that, for statistical
analysis, the established group category is used in many cases.
For classification purposes in our study, we follow the category of
JIS technology standards, which has been used in the literature
for a long time.

One may point out that, for example, to divide each existing
technology category into subgroups and to decide the review
interval according to the subgroup is theoretically possible.
However, to achieve that, exploring other category classification
criteria is essential. This essentially means searching for the
reason for the different lifespan of each standard. We think that
this is not within the research scope of this paper and the issue is
discussed as a subject for further research in Chapter 7, “Further
research.”

5 Analysis concerning the characteristics of technology
categories
Comment (Hiroaki Tao)

It is contemplated that the influence of 1SO standards,

Synthesiology Vol.9 No.4 (2016)
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legislative application, review records, and the type of standards
on the lifespan is different in each technology category, but the
differences in such an influence between technology categories
does not seem to be analyzed in the present study. Is it difficult to
address this in your study?

Moreover, emerging, mature, or obsolete technologies change
over time differently in each technology category. It has been
suggested that this influence manifests in the number of standards
produced, the frequency of reviews, and the number of aborted
standards. Is it possible to observe the technology transitions in
each technology category?

Answer (Suguru Tamura)

In this study, we first control the influence of factors such as
ISO standards, legislative application, review records, and the
type of standards. Later, we discuss the influence of technology
categories. When we observe the variance in age, we should
recognize that the source of the variance is 1SO or technology
categories. Otherwise, our conclusions concerning the factors’
influence and policy implications are erroneous. Therefore, we
use the control variables to isolate the influence of the unintended
factors. With this method, the factor of interest—the technology

Synthesiology Vol.9 No.4 (2016)

category—is analyzed separately. Certainly, if we were addressing

a different research goal, we could observe the influence of ISO

by treating the other factors as control variables, rather than as

policy variables. The current research setting largely corresponds

to our research goal. For a discussion on this theoretical issue, see,

for instance, Introductory Econometrics: A Modern Approach by

Wooldridge.

Finally, the control variables we used in this study are:

1. ESY, in order to capture the generation differences when
standards were established;

2. ENY, in order to capture the generation differences when
standards were abolished.

Through this treatment, we can estimate the influence of
categories on age by excluding the influence of the generation
background. On the other hand, we can estimate the influence
of the generation difference by treating ESY and ENY as policy
variables and including the technology categories as controls,
although such setting diverges from our research goal. This
analysis shows that, for example, the standards established in
certain decades tend to have a longer—or shorter—lifespan than
those established in other decades.
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Development of EUPS for analyzing electronic states of topmost atomic layer
—Materialization of laser-produced plasma source application and EUPS observed fascinating surface—

Toshihisa Tomie™®* and Tomoaki ISHITSUKA?

A quarter century has passed since the principle of EUPS (extreme UV excited photoelectron spectroscopy) was invented as the most
promising application of a laser-produced plasma source. EUPS enables analysis of electronic states of the topmost atomic layer, band
bending of semiconductors, estimation of carrier density, and evaluation of electrical conductivity from secondary electron signals. These
newly emerged analyses provide useful information for developing catalysts, protective insulators and other materials. These new analyses
were born when problems needed to be solved were brought in by users. We can say that EUPS was sophisticated by the needs of users. In
this paper we describe the historical background leading to the invention of the principle of EUPS, the selection and development of the
component technologies those constitute the EUPS system, and the birth processes of novel analyses those emerged.
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HALIZIE, WO b DERFAN O3 & S EAL D LT
»H-o72e EUPS HHO LPP ® % —%7 v M HL, 131Z—&
IR T %o

H5W5H LPP INHO R KOHEZ, HRWOEHKTDH
bo WEFHITBVTL, WEEmD 1 F1 50755
LHFDLEDRHY, TIXINSDH LD LWE %554
W 52740V — DB LHTH S, EUV A E
BLRTEELRVOT, B 1OLEEAFELTT74V
Y- IBHEECTH L ULEN DL, TD—H, TIAXAIRMW
KT E2 MR L 2T UL nwo T, 62 OUEESAE
LTT7ANE —IZIIEMRE D RO b, —EDEIH
WETH 5L, SHI2UE. TIAILLOYWHEDMERIZ LY
TANET —ICKBEOWED A LIRS 50T, BRI
WPLIEN Do ZDT2O, HIDOFRMELTLMTH S
Zidh, ERE BOTEHEETH S,

O3 Gz E LT RFER) v —Ex e
L72 B ThdH 5 mylar 12, 14 pym OIE S DOREAH
LY DEMTHATE 5,

D K Wi 4.4 nm ORERMOEHEOWE R TH
3, mylar B2 EHVERTTEBRTE S, KFEFFRTY
A%+ > ® Lyman a #tDO W 1% 4.86 nm TH Y. mylar &
FERNAEA RV ROV T FTAHIEIANY T LA F
FVBVABRMBORT A XY BHELETEH, ZNoHD
HEANRZ MLVOPE R EL, mylar ICX 2R ELRTINE =
. FEHREMTELZRESIIRL, Rurezgtuy b
KoL LTca{brRuy (BN) By F3dhb, EXK77
A DI R FE O K W O W R MIZH Y, mylar
TR E LB E 2T, GEFICNEICKRE LR EE S
AT,

T B E Al % mylar A2 E W TEX LR
BRI BRI AR MV EFET LR Y EF ) LRI
L. Zhs, ay FEEIRIRTH M2l a3 h
TWwb, Ihoid, EUPS OFEHLD7-DIZKAE-2 725
HWTH 5,

PERDNEF D EELIIZLRLBETHLI LW
R T 5 72, 2001 4F 12, EUV excited photoelectron
spectroscopy #*5. EUPS & #1372,

3.1 128
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1990 4ER XD 5. EUPS OBIZ MG L 720 2EARJE
BOBREEBRTO 1 5HTld. BAY— V2L 2 RS
50 cm ORATE IS AR 2 B X, o em (SEHESET
TIARBERTHI—T v M EEE, 2O LRIV AL —
PR LR L TTIATERAER L P, SOV AT R F—
12100 m] THo7zo =74y M BN AW, ke
T I AREDFNENH AT mylar HE T, KERERT S
A% > ® Lyman aFEu# 2 EIRNUCRUBHIRGT L. RATEE
(2135 VORADEM &ML CES) T 4L F —7% 150 eV
BEED Si2p HONET% 15 eV BEEITHHEL . JWsic
IO RATIR 2 RLC R R THRIRS N 2 = 40v
F—RaE2md LT 96 Y3y hORBEEEZRELT
472 Si2p BT OHBETAXRZ MV T, Si &M, SiO,. SiN
ICE 2 b5 7 b B LBl S P EUPS o #Ls
MEFACT &7z mylar HEIZEZESHOREO KL, 77
A ZERDOBEZEE L 107 Pa BT, R B OE 2 IX
107 Pa B2 TH 720

1 5O #RERT EUPS O FE ML D720 OB AT
Elco AOMEIL, WEERBIOCEEGHICHNS
mylar HIEDO R TH -7z, E LD EUV BmEZEEL
722 LPP i BHCHE S ¢ 5 LB H o720 T5
&y mylar IS —7 Y "ML OHE LRI LD 2B E BT
NTRB BB o7z 6T, AP ET IO B
7z, mylar B AN D TR EETH 72
3.2 35kL4=5H

1 SR OB Z R CTHEMEL 0P, BB O 25
BT Do REITIRARD L) ITERHEAM IR AL YR L7
DT, D2 GHOEFERIIEST VRV, X
FEIBIZZED STV, 2 5L AR O R 257 1
MEDRELTEZZOT, Jlc, MHIIB< %,

3 HETIE, T OMEMNRERETE LS
P2BEEAR PVIE DA IR MGE L 720 HRRA SRR 1
LNTHERR MVOFRH % 1k 72,

45FETIE. BRI RER BRL7Ze Y2y YL
EHETE 2T 7 I -0 REL, 132
0> %) % 22 [ 53 FRRE DGR R OPAFIR I L 720

TNy VOV MRS B M $E & MR FK IS
& BEASREZELT 0L REEORIE D LET
b, FHTEDWEIE Mo/Si D& 13 nm OF5 T
RWREM T, Bilrid Mo/Si i3 EI3#LTdwings
La/BAC £l 6.7 nm TEFICRSN 5, LPP Tld,
ZOWET, MV L7ZEm NG MANRT MVEFE IS EZD
EHEETH H7:0 T AN F— G fERBIZE NI EHTE R
Vo F7z JGEOFHNAAA VIS, 1Y gy bRk
DIT B D7z, FERAMREHI#EEICT 5120,
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N 10 kHz BHEOE#EY R LALETH D, #HAEL:
HPHT, I7 O FEEEDZEM I HREIZIE, Bl o WEEEC

AIBBEEIROEET, Y2y YV MEREZ WV
LY AT LADBFIL DT,

4 EREENT BRI

15 ToORBEE TR L BAERB LTS
EUPS2 5H T3, K& 3 DDEFET-720 —2%,
HEE T IASORIKEMNFEA AT LI ETH o7z, =D
HAS, =7y AP ORI R 7228 ThH L. 32HIZ
RATEZ RISV THIETH o7 MK Z X 61 aT‘TO
4.1 EMEDOER

FEHONET 73BT BT, RRR o H i E i7
MLHTH Do I, jti@‘(ﬁﬁé%%ﬁiﬁj?é LPP @
ISHICBWT, WD THEERERTH B F225EEH O
WO TG G BE % KIFIAKIR 2 LB H H05, TIA<

EEZE R OHEEA KT L2001 OFETH
5o

ZOHIZ, REHEEA 70 cm OFHEETT I A<D
G% RGN L7z, f5HEEE 79X~ DRI
1‘53‘72@1’(—}(7)“5!5&%7’:0)“6\ mylar i, I X~ H
SOHEEZ 10 cm I2L720 EHI2WLKOPDLREITHIZ
& BUEIE, 1 MRRREE, mylar P D237 LT ORE
AITZ TV %,

HHHEICIX, 4.86 nm LD G R 2 HD 5720, Ni/C
ZIRBEOBEEZRILTHY, EHEL, ¥— 27 JE 25 %
TANRY MUIE 0.5 nm Th %,

4.2 BN}#ELERSY—5'v b

FARIZ/SOVAL = =2 5L TT IA 2 LT 5
&y EIRISIMES N7 E G AR E RO, 12, $th3Iro
VORDVTED, TORICL—F—%ENTHEL, ARS
NBTITARDOBEPEL L >T FHEIRE KT

MCP

) ) RITE
JNLAL—H— S B
BMmE

.
SiN
LPP EUV
(hy=255.2 eV)
EEE BN Ow R

6 EUPS2 SHEORR

— 222 —

5o FMMELROITIE, FHLEITICL —F—% 400
TLULENRH D, 1 5HETIE PREKEB L OREICE
HELT FHERICL = =40 7225 PO EAEERE DS
B2 L e, REBERPLEIILLILDOH, L
Wy —7y MIEHR L, 2 5 TlE. Wy —7y e
RSS20 FMEE) (RheEE) S¢5ZLTy—7 v
R LT 1 EMRAEORKMEHATE TV,

4.3 MRITEDIX

RATEIE. 1 SR TIIARFEICE WD 2 5Tl §)

IV TARBICLz. ShuE AR AKEICEL DT
Hbo MBANF—2KFIIL/2ZET, u—Fay =y
SORBHEEDBED o720 REZKETZITRS72
Y= al—F =2 5 OOHMENDH Y. 5.6 THRIBOE
2y BN 4.86 nm EOARADEZ SN L WHH D
EUPS 7 Tld, B2 K&LT5H720, AGHA%E 10 FIC
LTWw5,

BYOHEE m.. BT AVF—% F Lilhid, #3E
vik v= QE/m,) " THY, RATHIHEA L OO RAT
W ¢4, t=L (m,/2E) "* Th b EEIT 2L F—%7100
eV DBEFDHEIL 6 X 10° cm/sec THAHDT, TRATHiRE
2% L=48 cm DR ORATHEERIL, t= 80 ns TH 5,

KR FRBE DT ALt DI D T AN F— 3 REEAE 13

AE=-2 (At/t) E <AtE™?

TH ., B fREEAAt=3 nsDHE, 100 eVET- DT RV

F—srfifaeld. AE=2X100%X3/80= 75 eVl 5, ET
e LTUIBD TAT5TH %o 100 eVOFET-#10 eVIZ
BT IEAE=0.24 eVIZZ D, 25012

— e TH %o TOF T, B\ T AL F— 57 ffig 215
5720, WA ZWAESETHET L. BB EB ST
UL, RATE OB Z-90 VIST5Z LT, 100 eVOEFH
10 eVIZiHi s 5,

BT RWATHZETI AN T = EEIIE L 2 BD5
BEFEAWMETLEET NSV BESFAEL
720 Flow ¥—2 DR ANF—MHBREHmET | E P
EHLOMED R L. BRIFRGET 5 AT Mvo
S 2P 5o ofMEIL. FF 2Lz 2o 0Tk
WXL 720
4.3.1 EEREFOES DiFA HEDER

AR CET % T 5 255 25084 3 2 R,
MCP ™3 My 1201729 SN S KT 225 BATT 505
MOEBETED SRz, MCPIZA > T Wz ETA
BEZIM 2 ) (B 3 TR SN B AR AVNE {72 D) 0B
EEZ T COMERFIT L0, B 7TITORTAIC, WK
HERIC IR Z R 7R L R R T o7 P U203l 3
HALTE & BRI, L CHET OEF O

AR )
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X329 M 2E O 5 AR AT 2 b 1%%
DRESIFZELL v, BT IAERZ LI A
L R RO LY., IR ﬁff’)ﬁf@ﬁ}zﬁ}#
Ky REGEESN, BFEMFEOHROHIANIHNFS L
VAR ERFLELIEDTE, BEERETLIENR
T&5%,
432 E—Ih1EES|I<REBEDER

TOF fF512id. S B FABREE=IDIZRIT, #EX
P ETHIREGBZVHNREL 72, ZOETOHRIE,

fAEL DA TH 57205 WLONDERRIZLD, RAT
EREDOIET D LR EEIEDT,

EUV Mg S 7-5080 5 8B 3 2 B3R WA E
BT %, ED—EAh MCP IZEHF]E 3“675\ jﬁ:@r@

TlE, ARATEREICE 2S5, §5 EMRITERED ST AL
F—DRBETVHRET L, KRBT OHEITENDT,
AE D MCP IHiE SN BT HEE L 727412,
ﬂbﬁ BEDPSIEATH ZIRE 23 MCP IZHET 5, R
E%?b‘%“ﬁi‘?”%g(ﬁ( b A EE S 2 R o T
’c‘-?(L WZEE T2 ZIRET OHEA1E. MCP W
AT % i;‘?( HEEDDBINESTH %D, MCP 2
LImWIIEFEENAKREZ V. TNDS, E—=F7 DRIl
FTHERPITRET LG DRIRTH D ZD X ITHEN
L7z
LOELENS, RATEREO IRET2S MCP IZE#E L 4
WENCT B IR T LREF 72 P, Ml g0 o
FATE MDA IS, R SIS N BRIk
T, RATERED S 5T Ik ET1E MCP I[ZmhZe v

------------------

kS
hv

B 7 AV F = IR I D 7230 DT D RGER IS
VAT HMEE RIS D700, IRATERIC A G2 72 P,
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B, BB OO EHRE L. ) —2D0 TR, RITE
BERMR TR Ay 22l TH b, Ay oDl
B RECLT Ay PahbiET,rKRETREZRKEL
WU720 E5IT, Ay v afidiiFEZ2FEoTWLEDT, Ay
T aTHEATDLRET-OFREH MCP 22 v,
ZOZODLRIZED, REBE—IOHBDOWH, 1ZITE
IZT& 7,

44 LU—Y—0D=ER

LPP A HOL —H—b 1 5 & 13825, fhRL =
T, RFREEO/ VAR TE S, Coherent #
® Infinity L E)AFROL —F —Z W T\ b, Infinity
F. FHETY 2T G (SBS) M 2 oTwaTE
DB TH B0 SBS HIZLY, 7OVAPRTEAY OV ANE 3 ns
DENNLT YTV THA, ZZHIIST—2H TEM,, E—
FTHha, #DRLE 100 Hz FTOHD KL B LU
VAL RINF =K T E—L 87— BLOVOVATRIEDS
BIFCTHob, ThHIE, PR FRICLPP AU E S
THROTHEETH S,

1 5 THWz Q-switch YAG L—H%—1%, JA<HWS
NBL—HF—D—DThb, SBS HExlizT\ieWnizd
—EDOWNJ T —TOEFEAZR S, # D R Lfkiv
IWVALANF =%z 5E, L—F—E—LDKMB X
ORI R AT 5. 7OVAIEIZ 10 ns FRETH D,
Q-switch D EL/SIVAETITHI LT, 25 ns D78V
ADEOENDH, WHA FIZH /NS VAR, Hi—
AT VTl Infinity TIE 179V A T AV F— 30
m] THIRELDLEFE BB LN 1 5 Tlio

109 %E
—N

| 5w

— da: RITE

— 3 AEF (e)

N7 BEE Xy 1 BT

— 8: XwaRIEHhEIR
L 2: =

1: FhES
e

hv

8 TRATIFHED DI B/ 4 XD ki ™
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72YAG L= —2Hwa L, FUL EUV MBELELDIT,
100 m] BEDSVETH L, ¥—7 v broDHERYED
FEARIT SOVAT AN F—IZHBIL . mylar BT GeH &
bREC LD, BEMNS, BUREDORE 532 nm tx H
WBZliZ1 GHEEFLTH S,

45 100 nmE®DSINT«IILFy—ZRAVETZEDE
=EZ(E

mylar 5% H\WC, LPP 22 & A5 1§ 2% B O B 22 550
#{ToTWADS, mylar B X 2 B2 55 BEE X 6 iR
THY, MMEEBOMRZEEIZ10" PalllE s, 79
AR DOHNXLNTED mylar BEAHILL . BH2Z5BEREAMKT
T 5o HEiMEE22825 10 Pa l3ET 5 E mylar B2 35#4
HEHICL T,

HHSEZE AT 107 Pa THHMTEOELZAEEEHT 107 Pa F2
JEICRRT A BRI, MMM E T Eo M % SIN #EC
FZESHEL TV, SIN BED 4.86 nm 12 81) 5 WIUER L
FRENDT, SIN 74 V7 —I2X5 EUV GO EEE/NE
{F A7, SIN OFEEIX 100 nm &AW E 50 nm (2LT
W5, 4.86 nm IZBIFSHEMEZEIL, mylar 3 um 2517 %
T SiN 100 nm 2348 % TH V. F5MED NiC L EEDK
I3 25 % TH LD T REE M2 % DEHHTH 5,
46 MCP&FvORI—T

TOF T, W5 fFREAS = A F — 53 ffRE 2 W95
720, BYEMBTSMCP EETRZLEHTLF O
=TI E MR ZoR S b, MAHEHIC ] ns
REOREH e A 3 A RN 2 EIRL 720 RERFEFE
FHOIC, B OWMETHMPRECLED DY, EEE
40 mm O MCP % &R L7z. TTHRMTEARHM->T WS
RKARDREETH 5,

WHORET5EETIE, RSN 2B TOHBO
R REA R V2D, Ty RIL LB Bus DA 74~
T EPMEHTE %, EUPS Tid. 200 ns OFFH T
TORES 3 us DM THEITORKETHR->TLLD
T WEDH T T4 Y TRIEIIMEHTE RV, B A
=T EHCTERELTHIEL TS, WEHDOT—%
LB 2 AT 5720, Y aAa—7ETHT» S8
HYay bOEGEFHIETHIL TV,

47 BHREE—R

R, M T OMEE TLRIVWR 720 FoAT
NS B &y BEH A R R WOTREEHEHE P LT
b BIF e AR MVIEEAR SN2 T LR E 2 REIC
otz

L B =7, FyuRa—7NE%, E55%
WZHD A ANENIZE# Z 720 MCP OFIfRIZKE VD
T 1EFOEFIE/AXEDHTHITREV, Ll #

— 224 —

¥ ay MCRHURSNCBIN 2 iR 13D TRV — /4
A3y gy MAILRZNCIBLT %, 2o/, ZHay
MEZ D P EITHI & BT ORBFI/AXITHLNTL
FHLEL L B ay bl EE IS, &Y avh
® TOF B %2k L&Y ay MEB DO/ A A Z T h
i COMEIHRTES,

FADGERIRL =4 203 -T2, 01 ns DH> T~
FHIETL us OMFHET510~50 Hz THAETL e ay
N5 5% FLERT A E— N, sequential mode. 23 -
TWwb, ZREIE. /ME 5 OFHIIREIZIZ. sequential
mode THMIETHLIILTWE, L, F—2aEd W
KIZRY, 2 uRTA—=TnL07F—=F MNP R)
Y, Flow F=FH—N—0OFRLKRIHE TS
B, FHRAEICREL TV A,

sequential mode THEL7=F—% %, —EL NIV E
DEGFE—DDANYE (FR) LL ANV MEEHLT
ARY MVHIlT 5, ARV NIV T4 27 TlE 1ZIEH
AR EWFFTE A, TNITED, 5.7 THIA
TAHEHITHEBEIHEE DB TE 2 X912k 572,

5 EUPSTHIEAEF S HIEDRHE
—1—Y—-DERhEEZTEL—

B EZOBRNEHE SNV AT AL, WRCTHE—D
FETH DD, WHRTHE—R721F TIiE B> TdH R
BWI LKL TV, BB =W =L 5T, EUPS
HBOTIROHMABEONLZ LR RS Ve, —fa—H—
B> TINABNZ EERRIML TV, D720, FEsl
TITER L2250 10 4E B, SFSE 20 EUPS 8
IR LT &7,

L2l HOEZLZ EUPS #1IEMICEHIL TV ad o
222 BORES R D572, SLDOLI—F =%
M FEEMTLI S OREE R TR CED Ml
#TEUPS O TfERE IS5 & sz, 2—H—12XkD
EUPS i&E b s N7z Z—F— DR T, itk
ML, F7o. EEOLRIMTHONIZ, ZORKRER9
R

EUPS Tid, HERDNEEF 5 HETEATRED 50

KRERHE

AN

—  REI-Y-0
SFMEDBE  — —_—

K9 EUPS EELDOT TR
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W7 LUF 0 4301 ASul ey % P,

1. F KA E T8 OETIRED 557

2. PEARD N Y R HlIAT) O FFA

3. ity F VRT3 LS M AR PR oD 43T

4. F /KA @B KI O DO FFAili

5. F /R T-FE T OB SUEE R O

6. ET-EOMBRHE Ol

1 ERERFEOHR

EUPS O %8 FF 2 15072 U9 RO 5. P K 4.86
nm 3ETEL, KRELBRED s PRIV ERHEVH
WETPHZ BT &, BEFHLELTERLEKRIGT
HbH, EWVHIaAYNEE STz, 255 eV DR T T AT —
AHiE C. N. FUMONRBIRZS, LHZELTW
72h% 4.86 nm TEFAHRERTH LI LIZKI V=D
. WAWABLHB DG EIEDTHOTH o7,

EUPS MDA E LTSIy T N—2 %L H
IRIRALIE @ Si2p LW A FTHAR SHIZR 2 B do7ze B
AL L C IO THEARD Si2p 23R 2 7225, HIRBALIE D
Si2p IEAESHITITHZ T, EUPS TIZIHHRM LA 2 2w,

EEYIHAH ST L, THEBWT VDT TH -
7o WHEIFRZBWEFEMOFTHRETHREVDIEF, *
AT B THD THEHTH 5720

K 10127 8F Y = 25 AT - 7235 e Wt D Bl % k37,

5.

14

_ mE
12 N ?“%SO)_ [ e
1
B fﬂ}\ (0
I A -
& ° =7
04 o
EUPS ]
0.2
O 1 1 1 1
40 30 20 10 0 -10
T I RILF— (V)
3 02s = iﬁf% 1
(MgO) _ :Z)EE&A
1
#w o2 02s 02p
; i
! —% H.0.
C?E o\
O\W—M -\m J K‘L
40 30 20 10 0 -10

EFaIxRILF— (eV)

10 79ZX=71 AT VA DB EH IO TE AL 7
Tt ARSI DR Hi 0 EUPS & XPS D& i 7
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Weoid, TIXRTH AT VLA DB AR oM
REM) L7280, BRI T2 E T O A0 RET-

Tz, P8k, XPS THifxIREB OGSO F A 2175 T
(RVATANER TS I 155 b Y e/ N NV A ik N B 9 i
BT EUPS 2410, > 7V K OFHli ¢ EUPS D& JE
RHERL7-0b, ALILFENIEEITo72, FW—H k%
XPS TH.7z3 4L EUPS TH725 6 O A 10 TH
%o EUPS DRENEH NI LG H 5. FiLDTHELAT
DHEGOFMZ 47 EUPS 00 O R 2 s 7 a
L ADW R TbNIz, LOHEEZITTnab,

BRI FE 8 2 H 3t S /238 EUPS A2 b
11K T, Si T N—% BRI L C RO HAR R
LIz B2 LCHR 2 2 8o SiZp 5 1d. JEE 2.1Inm
SiO, DS SN 72 TIE 10 % 2 TL 2% <. 4.9 nm
D Si0, B L T, JAL R 2 v, Ho Si2p B30
SiO, i JEA& A7 22 5. EUPS Tid. KA S 0.5 nm 21
LB SN WS 03555, —F XPS Tld, SiO, 2
nm CIEEBBEFOHBRKEINIEND, B nm OFERSD
VIR D LG D%,

RS HREDE L, BT 2EE T OEH = A )L F—
DFENIL D, WEHPTTANF—%RDRWTEZEIC
W32 “BES" & WEOKFIENEL Bt ~100
eV Tib/NEL, 05 nm BETHL P, XPSTHLEE

1 sio

4.9 nm , 'I
7 [}
12 4 i

in: Si ERm
10 1 / H TRERZIEL
8 - | \

2.1 nm

SSEE

o v oA O
~—

r."‘

j 10 15
10 yd

Si0,, &R
P BT
Si B

r

EFTRILF— (eV)

11 EUPS OS5k, JEE 2.1 nm @ Si0, &L
THRAZDZTHESOREXENS, 0.5 nm FJE & 5#- M,
—JEFRE1Z 0.3 nm BETH Y., REEFETEOHEHRILON S,
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D Si2p BT OEH T ANVF—1F 1 keV LYK XL, BLHiE
SR nm 2% %, EUPS THEREL7ZBHHRSZX 12 12
R, BFOMBT RV E-AVNEL B L, Mk T
R S SRR T 5,

RETE T OB HREZ S5 D121 EUPS THWTW3
200 eV Rt DT T ANV F—DREEFH 2 &I, HH
ERZIFIIZRNDRESL LD 572,

5.2 FE{FED/\VRHHDDEHR

EUPS I X 285 6 i OO L LT Siv
=7 R\ n B p RIDFEFATTE LML) &l A T2
n & p BTIE Si2p DE—ZLE DR GR>TWeA, F—
Yoy AR BT 2V IO AL L IZ—F L Ao
72o T WEREZEZLEE—EIELTHIE
ROz, NS NV REA ™ 2EHIILCn B2k
AR S7201F, BUERTH o7z, EUPS Tld,
ROV EZIT>T VA2, MOSFEFETIZATHE
Ty WS o7 ROIALIZ IV E UL TH 72,

Si T N—FICEEEL72E S 12 nm @ HfO, K% EUPS
THE TS L, Hidf E— 2L, EUV ORI IEIK
L7z ViR ToOMEZRITLE, E— I EAKE
B ANVF - T M7z Y7 ML z0B,
BEAEZTINETA L, MERGFE—2 T T M SBITKE
g otz B,

Hifx A IEEM 2 S 5L, ZOERICLD S
KMOBTORT Y 2V FHY, BETAXRZ LD
E— I pPMREFH T ANV F IS 7%, EUV BET
W IEBEMAHZ, WEY 7 M RTE05 3 XTOH
LS EW LD L, HEY 7 MEE S,

%

BEHSRS (nm)
\ //i

_os

Cd
metal o % C
’I”
O..l e 1 1 1 DN 1 1 1 e 1
10 100 1000

BE)TXRILF— (eV)

K12 PEEAFAVNSVWE SN G, ZAVF =2 KD T I
TELRSOTWT QBB AN F—KAF %, EUPS THGE ™,
100 eV BUF T WEKAFATRE 23— MERIEAEAEL
&V)O
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AKE EUV bS5 L, SiAIcET - IELI2ES R
%o AR OEMANELBR OO, BT /
Si FEC, IESLIE SiPRICHN B SrBEL 72T & IESL
MELERIE, MBI S EA AMELE R %
HHH T, EUV iR E2 K& LTET - ELdE K
RICERTIUE, MR OBRAELERZ5E 2T
BIHTIEdTED, 2FD, WS-/ v P LT
%

oA i S - O EEE 10 /em® &35
&y NV FOFEIABICIZFFEEE DL LOE T - ESLX A3 2
HThb, BIIEFOHEME 10 ns £ 55L, 107 /em?
sec CHETIEILZERTHLEN DS, LrL, KIS
b HHART—FE ) %I EERL T % SPring-8 DiEX
W7 oYL —Th, HF75v 27 A% 2 x 10" photons/

(em®*sec) THY. BHAHERIZENT/N Y FlliAs) 1252
#5252k TE RV, —J, EUPS Tid, 179VATO
SR LT EEE 3 x 10% /om® R E D 5 THY,
255 eV — 67T 10 L OB - IEfL3 2k s b &
T 3 x 10" /em® BEDOEMIZL L3 Fllins) b
LT 22 LM HETH S

T P SOV A 7 i 2 3B A 2 T D B 7 A3 AT
BEThH BN Flid ) OFFHi A W REIC R b, TDZEIT,
EUPS ZZEICECA R AT HRn o7,

5.3 #@FBIRIEFELLZV

XPS TlIAMAFM B O EATK E 2 E T, WEPHO
72O RIS % i 2 5 O ASITIFU I R > TV D 2 LG KA
LCWwz2% EUPS2 SHICIZHh ISR I3 AT, #
B OWBHIZNIRY, SiO, MO EE MR/ A,
RKLUTHELZV,

JEX 100 nm DML 2 B2 L, REE LB
Si2p A3V T L7245 3 eV EEDT 7 MCMILz, 0
B, TUNEIR T/ A VL TREGFES Sz, £
OB THEZ EUPS eI 5L, 25 eV BEH-/-E—2
TZIHERL, 10 eV BED Y 7 MIETRMLZ, Z
DYWIZFHIRET 1000 CTHEITIMELL 728512 EUPS #ll5E 3
ZE, WEIRIZIZEEITHBL Wz, EUPS JllE % filr
BLHTEY T N7z h,. ZOREZIEIDTH 01 eV T
Bz,

BT DEBICHRI SN 2RI SN2 IEFLAS, Az
hERN RV OICHEEIIHEST S, LBET5ED
R HIIHA T2 K13 55, HEICBWNTIZOMN
HIEHEWTH 5. K13 OfERIE, DTFOX)IHPT
&%,

A+ VBT 25 eV HDOWEY 7R LI ENS, E
BR T 72 SiO, IEE Wit #xit 1) (>4 MV/em) %A 3%
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ZEWNGHD, EUPSHIZBIZKDITEY 7 MAVNEL otz
ZEnn, EUV Y)Y Si0, o#fifxid )% T 722 & h%
H%o EUV BEHZ XD ET - IEFILIAES L. Shdsi
EEESEE G2, BRI EmORES NS, L
HT&%, MFEOHGIE XPSRETHMEETHRETY
BLEZ DY MR ERAEEE NG SN 5 L E ) w
. BADPMDOTLEER Do

9. AT VNI L AR ERWEY 7 8D EUV g
DDA eVIckEForzZ b, HEUEOWEIR
SEINET = — )V TRAITHK L 722 &, H=ZICEUV I
BHZ X BB 7 AN AIICIE 3 eV TH o7 DITH LT,
7 ==V iZIEbTHh 01 eVIicklFo7228, 203
ONb, HMEEOWEDY 7 ME, BTSSR OOR T E
B2 ENHEMTE B, BATETLORIZ, A4 IR
SIS FERT ==V, L5x %

WHEY7MORESIE, BAHETLOKES)IEEL
WA G2 2EELZERTHY, PAITHLTUIRS W
CEWT Do
5.4 HEBEYI M SOBEUGEE O

HIAMEIEEDS 1 um LLEOMHZEWIE, EUV Eh5E
HLARWOT, EEMIRLZ &L, EUV BN TET
AHEZEPIRUR S, WET .

hoHLE, MEOSH RSN, FRTHELzES
By ARY MEERE DS EL R Ao b EEHITS
ERBIZARY MG BNz, BEZHITHLEE—S
B EEE T A F—NIL 722 Eh 5, HRIW-T
WoleZ LI ol As, MBEOMBICZLY, WEY 7 b
DR R 5TV 2o TORREEZK 14 127R7 3

WY 7 M, BRUREREEEMT SN,

EUV BBHIT EEIE
150 H=EOET FEAEFBELEW
| (KB [ ﬁK—
145 | \
= - IRIVERDNZR
2 AFIE—LT (700~100Q0 degC)
RES =5
E WaVrceso®e! \‘
J‘? 135 3 k \
o, WEMWQ
= ﬂ EUVAIET | \2 ¥
& 130 EOFERS | Bt |
N I L 3;147.8 =
) ) 8 N
@ 30000 35000 40000
125 EEavNg
[ ]
0 10000 20000 30000 40000
BEYIavMNE

K13 AR SEFVROM LD HMEMIHETLL 09,
KBS ROWRD [FHik] 24T 52 I

A4 TRECIEIHE S E72E S 100 nm @ Si0, O ¥ 7 Mitid,
EUVIIEIZ LD, #IC#o7ze EUV SN KB 0gE N2
W7D LM TE D,
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JEZ d, HfES ORKZ, BRAERIC. V—7IHT
R OERMPFICEEIEZ L, KI5/ 8EM Q
(& WER 7z =CR TWIET %, C & RI%, EXEEER)p
BIVFEEKEMOT C=eSdBIVR= pd/S THZ
LNBLDT, 7 =CR= epllb, DFD, WEOREE
B OK (S&d) (AL v SFERIIWHEICE
DEERELPRLOTEF—PWETREIIEL L
WA, ISR B 2T B, LIcATo T IR
ERE UL, EARERIREL I L% D,

HEF /6T, BFPEAERIIROE S OEEM 253
BHIFRENC, MR ORMICIEERIERINE—T ¥
7895 (X15) 2% KEe o) —2712k), HEREM
HIIMATL, 13y bCOFEY 7IORESE V), 3
WARBRZAT BT IEn > ay MEOT T PORES VI

V=1V, (l1-exp (- AT/ A)"/ (1-exp (- AT/ 7) )
THzHN, faflE (= V, (/4AT) ) FRE 8\ Hpld
5,173y FCOWEY 7 IORESV, L, lEOIEIRT
REDCENSNVAZANF —IAFT HH5 RIELTBIT

275E 200E 100 E RT psesy  iEE
| | | | #) (ohm-m)
10 . £ 100 1x100
= . " " -.- v
S " " Ty v
| |
# R A . 10 1x10"
N v A
[ - v .
£ o v 1 1x100
B ALO, (Rh 1 wt%)
® 7ZrO, (Rh 0.1 wt%)
A Ce0,+Zr0, (Rh 1 wt%)
v ZrO, (Rh 1 wt%) -
0002 0.0025 0003  0.0035

1/ #E3RE
14 WEY7 M ORAD o 7B AR & MBS PRI A
BB b7z

5] JULRTEIZ Mg2p E—ohiy Tk
(EBZEAL) @RT
1

4 —=— #00041
—e— #00042
4 #00043
X
% 31 v #00044
i
ﬁ 5 MgO 50 nm

0 45 50 55 60 65 70 75
EBTRILF— (eV)

15 JE&E 50 nm ® MgO ® Mg2p ©— 27 3 mITT 7 ko
Y7 OBERD S, BAILURIRE S,
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R T FORESRLREERS LN, BRI
ATHIUL, BERUREROMAEDFF SN 5o

COFHEL. MR T%DHO5WLIROMFHIEATES
JSSRETH O Rl o fil 75 Pk & AR R ORI O
2D T-BE & LTHWTW B B2
55 I1—Y—0DEETHDIETRETFOAIE

T IGAR T4 AT LA OO M PR O 55T &
EUPS TiTo 723V =y 7O H 26 B2 %
RV EEARHENTIHRO7200, ZRETOHETH
b0 REORT Yy VHANETEL LT, ¥=¥al—
T —BIUREFRN T —DOEOY R EIT-72
5.5.1 EHZEHE{I ({158%%0) FHE

KT OIANF =2 E S TR HROM: (—K) &
Tix. RYOETEmZEL. TORT2OH BT (2
WET) B2 &ML AV F =2 A TS, TALF—
RO L — KRBT, HHORTFERLEHELLT, R4
ETRETRIZZZEHL, AT -2 L oTn, ZK
TTb. MR FBOBETERAEMmZELT Hiizk ik
T EEN TS, FRHRCKEOKEFHERS, K
BHPIC KRBT OWATED, HENZ B 2EH) T %
V=D RETDHHENLDOT, ZIRETOT RN F—
ARZ MVDTy b TLE NS, BZRHEM RO S,

SivZN—?DFIZ10 nm DIEE D TaN & W 3 i 2 i
i U 72308 O Ik A7 PV OB ZIK 16 1R T, TaN @
LA, 26 eV ICHWIYy UAH), WoAIZIE 35
eV ICHIWTY VDL, s, WOHEZEHENIE TaN
DEZEHEN LY 09 eV HnZ ke, R EDE D Sio, ®
HEZ, BN EZEZ NI L, s P,

TEFT AN F—AVNS LEFIEL SR ZI) P22 H o
DT OFEBRBRPLHERT, EEIHELZIT T R
HEHR BB L Z DT, INE#ITA72010,

40

10 nm-TaN

WL

10 nm-W
@ oo ] |
i 207
]
104 V\""‘h

NN

on 2 nm-Si0,

1 2 3 4 5 6 7 8 9 10
EETIXILF— (eV)

16 JEE 10 nm ® TaN & W D RE AR MV
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AEHCABMONA TAZT T BFE2MELTHE T
5o 416 T RREHZ -2 VONA T 2Z 2T THIE L 720

TRETARZ MVORE T Bt meV OIEFITHE
W AT =G REE T eV DL WA E TS L
DULIELIEVETH L, DL BBEEF ¥ AV OHlE
(& TOF A bR ETHHETH 50
552 ZTXREFERET. EBOEEZEDHRIPF v
U7 ZE O

PEiE, 2= —RDIG UG TH 505, Wk
IZ&D, DRETFOMENFRL I LKW (H17),
B TETIVNSL, MBEYWTETIRENIELS, =
RETOBFHEDECE, KAV F—E T OfLHE
KDFENIEDEHDTHD, LR

Mgk O AL, —RETFOLAVF =2 F
Fx v T INNEL Dl F i TERLLDDT,
NP LT AT =% LbenT, ARMOEL, B2
W TE 5,

—J5, HETIE, WY PO 7oV IHEN DD S
DT, ZRETOZANT=DBEARITNELL L -ThH,
MBEHETHERETE, E2EFTHRF -2,
B ERE ORI H BT TES N2 IR EF DA
A TANF—Z R FNHBRENIE L THEZIIBMT
Xbo L72HoT EEh TR RV EF—BFOBHE
XFETHERL, EBOKREFHREII/NEL 2D,
ChEFMALT K18 I/RTHRIC, B 4 E Y%
FHEiTE 5, THIALDEBEFOREL/NELT L

2

A

D ZIREFREDO/NSVW 2100 nm BEREL, 2o kI
TaN OEIE %22 2 72 B 2 M L7z “IREFE 7RI
(3. TaN 10 nm T b /M &L, #EHLRBITON KL,
TaN 1 nm Tit. 10 nm ® 4 51l »720 T, B
JEAVNEL %2 L & RVED G F 5 2 L350 % P,

-05 o. 05 10 15 20 25 30
EBEITRILF— (eV)
K17 ZXKETESMEEX. A > 8> SIE o
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SO FET, ARPEARL —F B F—E s
WZEBF ) TEEOEIENZHER S TE D, T/ R
AR BT, F—Er 7247928 T FxY
TEEEZHIF, FLT7V IV ZHIELT BT
HTFIFLN, ZRICEDEWIEABREEOFEB D HE
2B, LIRSS, 2 %D Cs,CO; ZR—280 R ELT:
n Al AC5-CF, D RFBTARZ MV, FEF—73k &
WART, Ay M IEDS09 eV/ANSL b EEBIT, B
BREEAS e o7z F=¥ U 7id, BN 2L
T7xVIMEfE 09 eV IF. 2L T Fr)T7HEEZKR
LT %R T, BARAIC, ACS-CFy AT
A1 eV KEWACS O RE T3, AC5-CF, @ 2
T Cd oz B,

5.6 EFEDIEREEMEEEDIER

LPP %5 D5 I EMIETH 505, EUPS2 STl
ZORED S, fGHE & FH UHEICR%. KFICEUV
IS 2 TV, BB TRIT 5720, KFIC
KB 2EY (s fdt) TRILGIZETFIMRBINT, p
WL TR SN 2B FORIBHEIN D, AT MVERE
DIPERAED S, BTEOMERGEDHZ S (K19)0

BT EDOMBERIFIT, AN Si v T N—THRISh 7,
Si3p DIAEAH, Si OFGEE H I Lo THRE 5720

BIROMIAFIT, BT AR MUABEIRGEN R 2 72
B, KRELBWZ, BTEoMXITHRHcRIEsEEZ
bNb, £T5E, 4D FDORERBADFENT V5 Lk
WA RE TR R %o LIADHAERETHSA
JEARAEDS R 2 720 &) 2 e, BT EOMEN, #5
TI3%L IMETIREL Z LR FIRL., BudOTHBRE Y, =
d, REMEFICOAFETELZETHY, Fnm N
HETRHTLE) XPS TRRRZZVWEWVW) Z &R,

100
TaN x nm
. ! .'.
/W 100 nm/Si f-"""'. s Y .
! TaN 1 nm
" RT »
% 30mJ 10 Hz ,"
I]u-. 50*bi88= -2V .{ TaN.2 nm —
i 6=10° PR 40 o¥ ) S
i,%# IaN 5 nm
[ AM
A e >y S
O T T 1
2.0 25 3.0 35

EETRILF— (eV)
18 TaN @D KB TARY ML B

TaN BEASHEVIE LB G DK EL LD RS, TaN BIZHWEET
BREMUVWEE LS,
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HEHEOP RN AD G L LTHW SN S ZrO,
BERIZOWT RmINTA2EERBALZ 2 7T HEORE O
Zr3d BETFE—2 2R L2 AH, KM DM
WERZY, KEF AT T MR CO+H,0 = CO,+H, Ofil
B TEE . FEEICROHESR S Y ARG T D5
fRRER & il i - DB Z OB L OB RO 572
DiF. BZLLADOTOIETH D, fil i o g 12 E
EEme 52 CcE&s, Ihd, REREFETEZ
1% EUPS 5 TRROGH TH 5.

5.7 (EEHEF vy IREM™ DO

20 1%, 4 DORE DT Vv IO KB ARY
MVTH B 4.6 THRZEHIT, TR, AyuRa—
7% sequential mode THWTOHRE D F— & Hf5Hs
TEDLIVNCUBERITo720 SO0, MO TGS 2tk
LBINTEL L) o72, TOME, HIFHICE TN 550
AR PV ORBEEZNYRLZEDTEL LI o7,
4 DAY M ANSIZHED D &, 4.86 nm EIE. 59
MR ARTZ VDO LIS T WS, ZOFLGEINFET
AL CEZZDS 7oV 0% 0 SRS O B EEC
X, ZOFGHPRZTLS, 20 1%, HHE AT MLDE
AR WIBEDART MV TH Do 4 DDRKOES
DRESIZELY, TN —2ETHRELLTH 5,

20 OEBENCR S X912, Pty PdZiZ d /Ny FHicdh
BPNT T V IMH R Do MEEE YLK L TERLIAM
WCRAEIS, Tz VIHEMLLEIZ1~2 % DREED
Behizb,

JE£E 100 nm @ Si0, T, #iiil 22 eV O EICH ST =
WIHERID 5 eV T THIKED HliET i huis 72 v I
MO, 2 % BREOKREEOFHAFHENLZ S, Si0,
100 nm ®_FIZEEL 72 HEO, D&%, i+ 75 Lo s

TOF
EUPS2 Tl
p [RAFEDHEFH p, DHHIRHEND
[y evs)
s f®Yt EUV FiEm
HKEFOEESHE

4.86 nm

19 EUPS2 S#ET. K VHETO p WXETHIESh7-%8
T EEICERE LRI TRINE M S
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B CHEVIEEIC 7oV IO E TR E N,
MBI Z o TRESEART MVIBIRDIE 5TV ED
T BSNARBE T ETETIAY TH L LE 2575
BOTRNSNEGTHLDT AW TH B EWET BT,
SHDOMFEILETH 5o

N7 &R DAZEEEF OFmIE, <1 fs ~100 fs T
HHERBEINTWD B R REEMOF FIIHRY R
{pBEBbND, 3 ns 7SV ATHOMEHERELIT
EUPS T, HFa%3 ns #2EELL RIS 2 i 9 #E A7 A
B SN TOARGETIE 2V, KT - RHIZTESF vy
7 NHERL ARERHEAL I B OWITEI KR & R B 52 %
LEZBN, ZOGMIIHEETH S,

6 &bbIC

RATIAR AR MVEST D, ELTHESVATH S,
L5 LPP IR0 & i KIG 2> L 728 A A%, EUPS
Thb, TDILT, LPPHIFIBHO. BEZLLFIHTH
FHALB 2 o720 50 tds & -3 IR O A 155
ZLUTRATIREECTET506E1T9. O, EANICE
BB CThH S, L L. EICFEAMLIZESEZIZIE,
S DBERFEM O LU TH 572, FAMNTLEE
T B0 DO BEE R L2,

LPP JLFISH O KOMETH HH RO MR %, BN
Oy % LPP A D ¥ —7 vy MIHWTZ 7 mylar %
AN =D Z LT EBIL 720 R 74V 5 —
DB LW ERDITHI %, FHSEOEATH L
7zo MFHET-ZPE RV LT, BEEEHVASA LT
BIEORA LORM Y75 v 7 A H 5N TW5b, LPP
SR SV A Z G A L7250 ik LT TOF xR L
7o, FEBCEEICT L LMD LTI PRTE LD 72/
FEASFEE L7275, RATE O TR CREZ L7z,

0O2p

| | |
—=—Pd 4d/140
—*—Ptbd/125
1 |——Si0, 100 nm/220
—v—HfO,5nm/170

s EmE

5 10 15 20 25 30 35 40
BEITR)LF— (V)

EBEORBOMEEIGED DL, ReLFHEIAOH G
MBIl 262 —D2— DL TV LT, ERD
FEFDETIZ TR T WAL, HieoiEds kT
N7zo WK OMMETG. KEaOM, i
JEoHERAZLTOWE, WHEY 7 A LER
G, RFEIEFOETEOMBA, IKETIRE
PHDT )V I E RO, SEk1-£iio
G BRI SE T %o

RMACEARIE 2 > & — U EGE e L. £72,
FEABEOMEEE L A>TV DLI LD, BPILPE
SEARGRE 2 IMCIE R AT 57275, BRI e hhE 1 —HF —
DOWBIT, FEERDAN OB OWEDKF: 1ITED ST
W5, EUPS i EHEFE IS TAEADMAE 5252
END, BREMETTRIGA X BBl 5 0 50125k D
WNEFIETHLEZON D, FIIIREHE T DTTEN 72
BEE R L TWLEE ) T EDHLNT %D DAL O
SERHINE TOFTTORIIERIET S, TDLI%
W7o, EHEI—F—DBANLIETDH
%o EUPS o TIROHGMEDL L, T—H—0bH
LirEh s E oS omchIN. BET 5RO
B 737 { EUPS BIF 2 1072512, RERIZIZ RV Hi 72
BET G ENFETEDIZTHRL EUPS O#%
5O LWIEFE A & 7201, BN 22— —238h
UNIZROTH oz, "W —DFRPEEZ BT
%" 13 IEKEHTE B FHOMICEZ %,

A DONTE T 68 TH B XPS BLO UPS &id, 12—
F—T LU PRI E S R, S, FEOFI
HZBHL5DOTIERL BELLTOIRWER DI TH 5o
LA L. EUPS ##ifbicHibiAte F Tld. ZEEFOHMT-
BT THS0

0057 ¢ [
. "Yl Hfo,5nm
0.04 1 . .
) t ' /Si0, 100 nm
1 | Pd L
% 0.03 *\ 'v“
?Sé |4 W L &
m 0.02 | &Q “5.“
S
0.01 1 Siog X& b'.- » \'.."wo&
100 nm| ’V‘% ][\V[ .
0.00 l \ ‘\\ k A T "
15 20 25 30 35 40

EBIRILF— (eV)

20 Pd. Pt. Si0,. BX HfO, D7 x )V IHENEEDREFART ML
Y= 7G5 THRLLTEIR. MEEIERLUTHRRLIZAKT, 1 % Hi#OMERENE 7o oNh %,
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HiEE

X MM EBEOIE 24T o T 4B O AR A 5 — M R
MR D “LPP # EEICHTERVONP?” ZOFHEN A
holzb, EUPS ORFEDEFII R0 o7 #O o714
77 Tdh-o7: EUPS %, Si2p AXZ MUAELNLETD
PE (158 ([CHA LTk, =ayh»SEEHHT
EDLHEETIHIZE 2 LN REITK TH %, HixER
WFHCIRE LCIHW 2= 2> ok HE R, SUEEKS VT
TE. EUPS W13 BERE L 2o o720 X SRBAM ST ZE O
LFHF7EH Th HEKFWHIROM I %A% 1,
K& BRI TEE & 15 C R B FE ATHE A 72 Rh 24 BN IR L3 4%
BISSETELLETORRIIEON L o7 ZNDRIT
T BRI > T2 5T ->7- MIRAT 70 =7 b
2y BT 0y M) = =12 Lo TMATIHCZ b %
<M 2 FRROBIEIX LD o720 ZDIENITH, KAR,
AR, =&, B WA O EOB»
FTHHIZE STV S, EUPSIZA BIEE LK TW A28,
FNEHXZATWPEEDLT AR VD, L DFADTIEEIZIZ
AL SN,

fHEhEA

L1 LPPA S OXMFAEOKM  HRE T35 & BEk
R A+ zon, FEFBn=2»bE " T
Bn=1I2 & 35L X, 4.86 nmDLya A HHE
N5, EUPSTIL, &R T A4 23+ 7%
HAFAEL . A0, HHE 2T R 3 I s &
B BYIRIEIC D59, L —DfuEE%:
T Do BREIL ATV ORELET OB
O 2FN, TIARDOEEDOAFIZILHIT S D
T TIRRDBEEDR S WIFEIERE IR E LA
b0 T EENEGTELLHCHINDSKEL
D, FEEDSEIFIL . BARY MVOIRDSIEDS B o i
RO EE DS [ RS | EEETH D | R B EE DO RRER
Tl AXRZ PVEEEDTH AT, PR A7 PV

EE MM P/
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7% %0 EUPSTIE, IEEUVIED AR MV
ZLPPDIEFH AR MV TREDLDT, TIATHE
BErEmd L& Tdvid v, —7F T v IS
HLVDT, HEBREDEEN KLV, LPPOHRE
L iRL — =0 RICE TR RS, YAGD2ME
EAH%0.53 nmik, FA004.86 nmitDIEAIZIE
WY REEbINS,

VY7 T 74— HENET /T CHLPPOME 6
THHEV VT T T4 —TIIHENDERAKEL
R7e b EUVLAPDGHETIX. Y BEUV/ T —
DRES, NT—EBHO/NSE, L—F—=75LEUV
INT—~OEWHEOFS, S5, —FEFEOE
W hTB AT F A7) — S RKD SN B,
—J\ CEFHOCHGETIZ, AT MVIROM S
WEROEETH b, 8T —EBO/NS S, ZHazh3
DES, AV TFy A7) =ML, HIEFEL W
A5, JHEAME Tl v EUPSTIE, 468 2 Hw
7z, LPPOFE G ARY MV ISP i % Bk
F%. EUVLADGIRE T, FIH ST —2 KELT572
DL B GT AT PV OANE (2 %13E) 2D
BURIEWIEATRD 5 55T, EUPSTIE, 0.1 %
REOPGFHI I RKDON L, TOFETIR, =
AV F — G fRRE DS E R o R RE T E B 720, G
DFENHERIZ R B RN L FLL, EUPS
Tlt. 3nsTH b, — . VT T 74 —=HEHETIE,
NI =% RELT B0, 7OV ANRIZ R B NEEWE
EDUFFE LW, Bt nsd/ OV REA VW ST
bo 2Dz, VT T 74— HEE EUPSHGIR
Ti& L—¥—oig, ML 5—7y Mk
Hixh, RS, HOWLI DR b, ¥—=7 v
MEHE. EUVLTIESnA S, EUPSTIZBN%
HWTwa, EUPSTIE, Ay —7 v b HvwTw
%)% EUVLTREHZ M5, EUPSTIE, 79V A
&3 ns. #HF0.53 pm. #:0ELFIOHZzZOYAGL —
F—% M52, EUVLAGETIE, KL umo
YAGL —%—H 5 0IE# K10.6 umdDCO,L —H—
AHWSN L, EUPSTIXH—OVA7EAS, EUVL
HOGRETIE T L SVADE P UIHTH B0 ZDD
JSHTy 2L BIOLPPIGIETH 1 . —F O NIEHA
BHgs I, M7 I3 3T 7270
EUPSEXPSOME : 4 HOMEFFEIZBWTYL
T2 5> TV BXPSHNTTH 525 FHFIKMICE
I TR EF 5T WD, ZOFM L TR
L7z &9 %, B OMEREBOAREIA S, K
HWEDWN ZPZH50 &, fibhTwin, 7272
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L\ BN DS T & 572010 R
% FHTAXPSICEUPSHNE &b 5 2 L 13w,
EUPSO 8 S AL AT A3 A 7235 A A& 19121,
EUPSHZMIC 5L EZ 5N 5,

RN (F—¥ ) $5, BT EMAET LA %
F=¥ 7 3oE, 7V IBMDREOIIZIED En
R BT 22 AR E F—E o 7§
ARSI SR N N

ARG /3> FHIASY - JERI LIZ LIE, RS ER AR 25
FAsEMHAE . HHLVIEEE EFERORICH A IFFE A IZE
L AR MV R O ORI REE, 172 L0 IS AL SRR O IRIATIRAF O FIET O8>

A RORE DS, 7SV CORBERES. 35, BiAL
S B B L. BT OEE A 50 1) TREOBEM AR DI, 75 AREAET
Fo B AN EHOHFDHHE 25N HDT, %o NV FMIAT) ORESEHD L, BRIL&v/sy
DD R 7B T AR I TR T O AR AT S FliAT) &S T 2 &l T/ ARSEIZ BN TET
1B EESTAF 70 WIS L 7= TOF A BRI & 22 o 72 SEITHL. EUPSTIL, MBET 2 Z & TNY RO
DU, 3R REAE PV 250 7 Mg % B o C FHEALATTHE T 5T, FERF £ OIS AT b
o 2T RERE AR Y L AT OIS ORI 2 1 e WORLEDFE S ¥ A DFHT & So
5o Ll BORERER17 AT T 272012, .
AEZBETE M mmPITICR5E 55157, RF> vl o-Si
IR 7 RO T S5 = LITR T & BIS ce
RV ORI R WAL 720 A e

HFE2: Y20y VOV R UIMEAN ORI, BRI /(7{_4_!.{-{?
NS BT | T A AR BB I
A NGRS YN S RN R e
SVMETRL AT 3 TSR, LAl X + I el
SIERC R & B R AR DIRE ST L g
—Mo/SIBIRBICTO BTERE DB\ TSR s gggl
BoNTW5, 0L Lo SRS SN AEUVL
T135 nmASEIREINzDE, TNHEHTH 5, S5 hRChF

JHEE3: MCP (Microchannel Plate) : o fif-#Hi%e, INEE ﬁ:%'%ﬁ_‘
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A revolutionary technical development to revitalize Japanese forestry

—A proposal for a portable tree felling manipulator to address specific properties of Japanese forestry—

Yuko SHIRAI

First, we present issues in Japanese forestry based on an explanation of the specific properties of Japanese forestry. Then, taking the
revitalization of Japanese forestry as a goal, we present a scenario for the achievement of that goal and comment on the type of research
that is needed for it. This includes descriptions of the positioning and role of the technical development currently undertaken by the
authors. As a concrete example of machine development, we report on the details of a manipulator for cutting down trees, “TATSUMI”,
and the results of verification tests. The TATSUMI manipulator is a machine that is compact and lightweight enough to be carried by a
single worker. This machine cuts down trees using mountable/dismountable chainsaws that are commonly available at forestry sites. We

also discuss new design methods for machine development that were identified as suitable for the mountain forests of Japan.

Keywords : Japanese forestry, design methods, manipulator, tree felling operation, mobility
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Synthesiology Editorial Policy

Editorial Policy

Objective of the journal

The objective of Synthesiology is to publish papers that
address the integration of scientific knowledge or how to
combine individual elemental technologies and scientific
findings to enable the utilization in society of research
and development efforts. The authors of the papers are
researchers and engineers, and the papers are documents
that describe, using “scientific words”, the process and the
product of research which tries to introduce the results of
research to society. In conventional academic journals,
papers describe scientific findings and technological results
as facts (i.e. factual knowledge), but in Synthesiology, papers
are the description of “the knowledge of what ought to be
done” to make use of the findings and results for society.
Our aim is to establish methodology for utilizing scientific
research result and to seek general principles for this activity
by accumulating this knowledge in a journal form. Also, we
hope that the readers of Synthesiology will obtain ways and
directions to transfer their research results to society.

Content of paper

The content of the research paper should be the description of
the result and the process of research and development aimed
to be delivered to society. The paper should state the goal
of research, and what values the goal will create for society
(Items 1 and 2, described in the Table). Then, the process
(the scenario) of how to select the elemental technologies,
necessary to achieve the goal, how to integrate them, should
be described. There should also be a description of what
new elemental technologies are required to solve a certain
social issue, and how these technologies are selected and
integrated (Item 3). We expect that the contents will reveal
specific knowledge only available to researchers actually
involved in the research. That is, rather than describing the
combination of elemental technologies as consequences, the
description should include the reasons why the elemental
technologies are selected, and the reasons why new methods
are introduced (Item 4). For example, the reasons may be:
because the manufacturing method in the laboratory was
insufficient for industrial application; applicability was not
broad enough to stimulate sufficient user demand rather than
improved accuracy; or because there are limits due to current
regulations. The academic details of the individual elemental
technology should be provided by citing published papers,
and only the important points can be described. There
should be description of how these elemental technologies
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are related to each other, what are the problems that must
be resolved in the integration process, and how they are
solved (Item 5). Finally, there should be descriptions of how
closely the goals are achieved by the products and the results
obtained in research and development, and what subjects are
left to be accomplished in the future (Item 6).

Subject of research and development

Since the journal aims to seek methodology for utilizing
the products of research and development, there are no
limitations on the field of research and development. Rather,
the aim is to discover general principles regardless of field,
by gathering papers on wide-ranging fields of science and
technology. Therefore, it is necessary for authors to offer
description that can be understood by researchers who are
not specialists, but the content should be of sufficient quality
that is acceptable to fellow researchers.

Research and development are not limited to those areas
for which the products have already been introduced into
society, but research and development conducted for the
purpose of future delivery to society should also be included.

For innovations that have been introduced to society,
commercial success is not a requirement. Notwithstanding
there should be descriptions of the process of how the
technologies are integrated taking into account the
introduction to society, rather than describing merely the
practical realization process.

Peer review

There shall be a peer review process for Synthesiology, as in
other conventional academic journals. However, peer review
process of Synthesiology is different from other journals.
While conventional academic journals emphasize evidential
matters such as correctness of proof or the reproducibility of
results, this journal emphasizes the rationality of integration
of elemental technologies, the clarity of criteria for selecting
elemental technologies, and overall efficacy and adequacy
(peer review criteria is described in the Table).

In general, the quality of papers published in academic
journals is determined by a peer review process. The peer
review of this journal evaluates whether the process and
rationale necessary for introducing the product of research
and development to society are described sufficiently well.
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In other words, the role of the peer reviewers is to see whether
the facts necessary to be known to understand the process of
introducing the research finding to society are written out;
peer reviewers will judge the adequacy of the description of
what readers want to know as reader representatives.

In ordinary academic journals, peer reviewers are anonymous
for reasons of fairness and the process is kept secret. That
is because fairness is considered important in maintaining
the quality in established academic journals that describe
factual knowledge. On the other hand, the format, content,
manner of text, and criteria have not been established for
papers that describe the knowledge of “what ought to be
done.” Therefore, the peer review process for this journal will
not be kept secret but will be open. Important discussions
pertaining to the content of a paper, may arise in the process
of exchanges with the peer reviewers and they will also be
published. Moreover, the vision or desires of the author that
cannot be included in the main text will be presented in the
exchanges. The quality of the journal will be guaranteed by
making the peer review process transparent and by disclosing
the review process that leads to publication.

Disclosure of the peer review process is expected to indicate
what points authors should focus upon when they contribute
to this journal. The names of peer reviewers will be
published since the papers are completed by the joint effort
of the authors and reviewers in the establishment of the new
paper format for Synthesiology.

References

As mentioned before, the description of individual elemental
technology should be presented as citation of papers
published in other academic journals. Also, for elemental
technologies that are comprehensively combined, papers that
describe advantages and disadvantages of each elemental
technology can be used as references. After many papers are
accumulated through this journal, authors are recommended
to cite papers published in this journal that present similar
procedure about the selection of elemental technologies
and the introduction to society. This will contribute in
establishing a general principle of methodology.

Types of articles published

Synthesiology should be composed of general overviews
such as opening statements, research papers, and editorials.
The Editorial Board, in principle, should commission
overviews. Research papers are description of content and
the process of research and development conducted by the
researchers themselves, and will be published after the peer
review process is complete. Editorials are expository articles
for science and technology that aim to increase utilization by
society, and can be any content that will be useful to readers
of Synthesiology. Overviews and editorials will be examined
by the Editorial Board as to whether their content is suitable
for the journal. Entries of research papers and editorials
are accepted from Japan and overseas. Manuscripts may be
written in Japanese or English.

Required items and peer review criteria (January 2008)

Item

Requirement

Peer Review Criteria

Research goal

Describe research goal (“product” or researcher's vision).

Research goal is described clearly.

Relationship of research
goal and the society

Describe relationship of research goal and the society, or its value
for the society.

Relationship of research goal and the society
is rationally described.

Scenario

Describe the scenario or hypothesis to achieve research goal with
“scientific words” .

Scenario or hypothesis is rationally described.

Selection of elemental
technology(ies)

Describe the elemental technology(ies) selected to achieve the
research goal. Also describe why the particular elemental
technology(ies) was/were selected.

Elemental technology(ies) is/are clearly
described. Reason for selecting the elemental
technology(ies) is rationally described.

Relationship and
integration of elemental
technologies

Describe how the selected elemental technologies are related to
each other, and how the research goal was achieved by composing
and integrating the elements, with “scientific words” .

Mutual relationship and integration of
elemental technologies are rationally
described with “scientific words” .

Evaluation of result and
future development

Provide self-evaluation on the degree of achievement of research
goal. Indicate future research development based on the presented
research.

Degree of achievement of research goal and
future research direction are objectively and
rationally described.

Originality

Do not describe the same content published previously in other
research papers.

There is no description of the same content
published in other research papers.
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Instructions for Authors

1 Types of articles submitted and their explanations
The articles of Synthesiology include the following types:

+ Research papers, commentaries, roundtable talks, and
readers’ forums

Of these, the submitted manuscripts of research papers
and commentaries undergo review processes before
publication. The roundtable talks are organized, prepared,
and published by the Editorial Board. The readers’ forums
carry writings submitted by the readers, and the articles are
published after the Editorial Board reviews and approves.
All articles must be written so they can be readily
understood by the readers from diverse research fields and
technological backgrounds. The explanations of the article
types are as follows.

(D Research papers

A research paper rationally describes the concept and
the design of R&D (this is called the scenario), whose
objective is to utilize the research results in society, as
well as the processes and the research results, based on
the author’s experiences and analyses of the R&D that
was actually conducted. Although the paper requires the
author’s originality for its scenario and the selection and
integration of elemental technologies, whether the research
result has been (or is being) already implemented in society
at that time is not a requirement for the submission. The
submitted manuscript is reviewed by several reviewers,
and the author completes the final draft based on the
discussions with the reviewers. Views may be exchanged
between the reviewers and authors through direct contact
(including telephone conversations, e-mails, and others), if
the Editorial Board considers such exchange necessary.

@ Commentaries

Commentaries describe the thoughts, statements, or trends
and analyses on how to utilize or spread the results of
R&D to society. Although the originality of the statements
is not required, the commentaries should not be the
same or similar to any articles published in the past. The
submitted manuscripts will be reviewed by the Editorial
Board. The authors will be contacted if corrections or
revisions are necessary, and the authors complete the final
draft based on the Board members’ comments.

@ Roundtable talks
Roundtable talks are articles of the discussions or
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interviews that are organized by the Editorial Board.
The manuscripts are written from the transcripts of
statements and discussions of the roundtable participants.
Supplementary comments may be added after the
roundtable talks, if necessary.

@ Readers’ forums

The readers’ forums include the readers’ comments or
thoughts on the articles published in Synthesiology, or
articles containing information useful to the readers in line
with the intent of the journal. The forum articles may be
in free format, with 1,200 Japanese characters or less. The
Editorial Board will decide whether the articles will be
published.

2 Qualification of contributors

There are no limitations regarding author affiliation or
discipline as long as the content of the submitted article
meets the editorial policy of Synthesiology, except
authorship should be clearly stated. (It should be clearly
stated that all authors have made essential contributions to
the paper.)

3 Manuscripts

3.1 General

3.1.1 Articles may be submitted in Japanese or English.
Accepted articles will be published in Synthesiology (ISSN
1882-6229) in the language they were submitted. All
articles will also be published in Synthesiology - English
edition (ISSN 1883-0978). The English edition will be
distributed throughout the world approximately four
months after the original Synthesiology issue is published.
Articles written in English will be published in English
in both the original Synthesiology as well as the English
edition. Authors who write articles for Synthesiology in
Japanese will be asked to provide English translations for
the English edition of the journal within 2 months after the
original edition is published.

3.1.2 Research papers should comply with the structure
and format stated below, and editorials should also comply
with the same structure and format except subtitles and
abstracts are unnecessary.

3.1.3 Research papers should only be original papers (hew
literary work).

3.1.4 Research papers should comply with various
guidelines of research ethics.
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3.2 Structure

3.2.1 The manuscript should include a title (including
subtitle), abstract, the name(s) of author(s), institution/
contact, main text, and keywords (about 5 words).

3.2.2 Title, abstract, name of author(s), keywords, and
institution/contact shall be provided in Japanese and
English.

3.2.3 The manuscript shall be prepared using word
processors or similar devices, and printed on A4-size
portrait (vertical) sheets of paper. The length of the
manuscript shall be, about 6 printed pages including figures,
tables, and photographs.

3.2.4 Research papers and editorials shall have front covers
and the category of the articles (research paper or editorial)
shall be stated clearly on the cover sheets.

3.2.5 The title should be about 10-20 Japanese characters
(5-10 English words), and readily understandable for a
diverse readership background. Research papers shall have
subtitles of about 15-25 Japanese characters (7-15 English
words) to help recognition by specialists.

3.2.6 The abstract should include the thoughts behind
the integration of technological elements and the reason
for their selection as well as the scenario for utilizing the
research results in society.

3.2.7 The abstract should be 300 Japanese characters or less
(125 English words). The Japanese abstract may be omitted
in the English edition.

3.2.8 The main text should be about 9,000 Japanese
characters (3,400 English words).

3.2.9 The article submitted should be accompanied by
profiles of all authors, of about 200 Japanese characters (75
English words) for each author. The essential contribution
of each author to the paper should also be included. Confirm
that all persons who have made essential contributions to
the paper are included.

3.2.10 Discussion with reviewers regarding the research
paper content shall be done openly with names of reviewers
disclosed, and the Editorial Board will edit the highlights
of the review process to about 3,000 Japanese characters
(1,200 English words) or a maximum of 2 pages. The
edited discussion will be attached to the main body of the
paper as part of the article.

3.2.11 If there are reprinted figures, graphs or citations
from other papers, prior permission for citation must be
obtained and should be clearly stated in the paper, and the
sources should be listed in the reference list. A copy of the
permission should be sent to the Publishing Secretariat. All
verbatim quotations should be placed in quotation marks or
marked clearly within the paper.

3.3 Format

3.3.1 The headings for chapters should be 1, 2, 3..., for
subchapters, 1.1, 1.2, 1.3..., for sections, 1.1.1, 1.1.2, 1.1.3,
for subsections, 1.1.1.1, 1.1.1.2, 1.1.1.3.

3.3.2 The chapters, subchapters, and sections should be
enumerated. There should be one line space before each
paragraph.

3.3.3 Figures, tables, and photographs should be
enumerated. They should each have a title and an

Synthesiology Vol.9 No.4 (2016)

explanation (about 20-40 Japanese characters or 10-20
English words), and their positions in the text should be
clearly indicated.
3.3.4 For figures, image files (resolution 350 dpi or higher)
should be submitted. In principle, the final print will be in
black and white.
3.3.5 For photographs, image files (resolution 350 dpi or
higher) should be submitted. In principle, the final print will
be in black and white.
3.3.6 References should be listed in order of citation in the
main text.
Journal—[No.] Author(s): Title of article, Title of
journal (italic), Volume(lssue), Starting page-Ending
page (Year of publication).
Book—[No.] Author(s): Title of book (italic), Starting
page-Ending page, Publisher, Place of Publication
(‘YYear of publication).
Website—[No.] Author(s) name (updating year): Title
of a web page, Name of a website (The name of a
website is possible to be omitted when it is the same as
an author name), URL, Access date.

4 Submission
One printed copy or electronic file (Word file) of
manuscript with a checklist attached should be submitted to
the following address:
Synthesiology Editorial Board
c/o Public Relations Information Office, Planning
Headquarters, National Institute of Advanced
Industrial Science and Technology(AIST)
Tsukuba Central 1, 1-1-1 Umezono, Tsukuba
305-8560
E-mail: synthesiology-ml@aist.go.jp
The submitted article will not be returned.

5 Proofreading

Proofreading by author(s) of articles after typesetting is
complete will be done once. In principle, only correction of
printing errors are allowed in the proofreading stage.

6 Responsibility
The author(s) will be solely responsible for the content of
the contributed article.

7 Copyright

The copyright of the articles published in “Synthesiology”
and “Synthesiology English edition” shall belong to the
National Institute of Advanced Industrial Science and
Technology(AIST).

Inquiries:
Synthesiology Editorial Board
c/o Public Relations Information Office, Planning
Headquarters, National Institute of Advanced
Industrial Science and Technology(AIST)
Tel: +81-29-862-6217 Fax: +81-29-862-6212
E-mail: synthesiology-ml@aist.go.jp
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Aim of Synthesiology
—Utilizing the fruits of research for social prosperity—

There is a wide gap between scientific achievement and its utilization by society. The history of
modern science is replete with results that have taken life-times to reach fruition. This disparity has
been called the valley of death, or the nightmare stage. Bridging this difference requires scientists
and engineers who understand the potential value to society of their achievements. Despite many
previous attempts, a systematic dissemination of the links between scientific achievement and
social wealth has not yet been realized.

The unique aim of the journal Synthesiology is its focus on the utilization of knowledge for the
creation of social wealth, as distinct from the accumulated facts on which that wealth is engendered.
Each published paper identifies and integrates component technologies that create value to society.
The methods employed and the steps taken toward implementation are also presented.
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Development of EUPS for analyzing electronic states of topmost atomic layer
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A revolutionary technical development to revitalize Japanese forestry
—A proposal for a portable tree felling manipulator to address specific properties of Japanese forestry —
Y. SHIRAI
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