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1. Survey results in “Materials and processing”

1.1. Trends in noteworthy domains

In the fifth technology forecast survey we identified four domains expected to draw attention in this field:
1) Structural control and computer simulation at the atomic/molecular level; 2) interface control and function
manifestation; 3) state-of-the-art materials and compounding and hybrid design; and 4) chemical processes.
For this survey we have identified the following four items.

1) Precision synthesis and structural control through the manipulation of atoms and molecules
2) Incorporation of high-level computer science into materials and processing design

3) Elucidation of biofunctions and their incorporation into the development of highly functional materials
and processes

4) Development of materials and processes connected with global problems

Since precision synthesis at the atomic/molecular level has at last come into a realistic field of vision, we
have positioned it as the most important theme. And accompanying steady advances in computer science are
growing expectations about the simulation of material functions, and elucidation of catalytic action,
biofunctions and solid state functions and operations. So in recognition of their importance, we have separated
them into two distinct items. At the same time, advances have been seen in the elucidation of biofunctions, so
the biomimetic approach has become a concrete theme. We have taken up these as noteworthy domains with
the understanding that the materials and processing field has a vital role to play in the increasingly urgent
issues of the global environment, resources and energy.

1.1.1. Precision synthesis and structural control through the manipulation of atoms and molecules

The concept of controlling the structure of materials at the atomic/molecular level has been rapidly taking
shape since it was highlighted as the most important issue in advanced materials in the 21st century in a
briefing at the CHEMRAWN VI world conference of the International Union of Pure and Applied Chemistry
(IUPAC) at Tokyo in 1987, and has been taken up in recent years as the basis of numerous national projects.

Especially since silicon devices are not able to increase their degree of integration above present levels
because of optical wave length limits, a breakthrough in a new and different concept became necessary. From
this, attempts were started on the development of new devices operated at the atomic/molecular level. One is
the quantum functional device that uses the quantum effect of the super lattice, started as a ten-year project by
the Ministry of International Trade and Industry (MITI) in 1991. The following year saw the start of the atom
technology project, aimed at the ultimate device. This was an attempt to develop ultimate electronic devices
through the development of technology for self-organization and reciprocal control that manipulates single
atoms and single molecules and creates nano-scale structures collectively while recognizing chemical species.
These days we are now able to manipulate this kind of atom/molecule through advances in tunneling
microscopes, and the possibility of molecular devices is growing rapidly. Topics 75, 76 and 81 tackle this kind
of development.

Research into precision high polymer began in 1994, and from 1996 an industrial and academic research
structure began to take shape as a major pioneering research project into highly functional materials by MITI.
This research is aimed at developing new high-performance polymer material through the rigid control of the
primary structure of polymer at the atomic/molecular level, and the higher order structure, and through this,
drawing out new functions. Topics 29-32 deal with precision polymer. Achieving the precision control of high
polymer structures would boost the possibility of high-polymer superconductors and organic ferromagnetic
substances, and with this in mind, we devised topics 14, 15 and 18. Moreover, if the supra-molecular structure
of high polymers can be controlled, it will open the door to the subtle functions seen in organisms, such as
self-organization and physiological activity. Precision control at the atomic/molecular level is also an
important theme in ceramics and metals, so in this light, we set topics 40, 45, 46 and 60 dealing with the
control of mezo- and nano-structures. Elucidation at the atomic and molecular level is also necessary for the
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development of post-silicon devices, such as diamond and cubic boron nitride devices. As for precision
control of composite materials, we devised topics 90, 92 and 94 dealing with control of nano-structure. Topics
98-103 also deal with precision control. In synthetic chemistry, advances are being made in the elucidation of
reaction points at the molecular level, and coupled with the elucidation of the nature of catalysts, this is
bringing the atomic/molecular control of highly selective solid catalysts, molecular catalysts, etc. into the
realm of possibility. Topics 24—28 were set against such a backdrop.

1.1.2. Incorporation of high-level computer science into materials and processing design

Advances in computer science make various kinds of simulation possible. By calculating the first-
principle electron condition, we can elucidate the behavior and function of atoms and molecules, determine
stable structures in atomic and molecular groups, and understand the characteristics of electrons. This enables
us to understand the behavior of atoms and molecules in dynamic phenomena such as crystallization and
chemical reaction through molecular dynamics simulation and Monte Carlo simulation. The powerful
computer systems required for such large figure calculations are being realized, but we need more efficient
computer methods that go beyond the Car-Parinello method and parallel computing technology. This theme is
raised in topics 73 and 97.

Computer technology has come to play a vital role in the development of various materials, chemical
processes and biotechnology. In material design, advances have been seen in the finite element method anc
various kinds of computer simulation. Progress has also been seen in the compilation of a S&T materials
database, and in computer-aided material design and process design support systems. Topics 95 and 96 art
related to this theme. Advancement in computer chemistry has made the design of molecular structures and the
low molecular substances that act on those molecules possible, rationalizing to a significant degree the
screening of drugs and agricultural chemicals. Combinatorial chemistry is a new technology that has grown
around peptide synthesizing technology using the solid-phase method, and is an efficient screening system
(high through-put screening system: HTS) in which tens to tens of thousands of compounds are synthesized at
once through the combining of various blocks of chemical synthesizing processes under the principle of
permutations and combinations. Moreover, it is being automated through robot technology, facilitating the
development of a drug producing system with a high processing capability.

1.1.3. Elucidation of biofunctions and their incorporation into the development of highly functional
materials and processes

Synthetic chemistry has delivered to the marketplace a diverse range of synthetic compounds that do not
appear in nature, such as various kinds of plastics, synthetic fibers, and synthetic rubber. These synthetic
products are still very much in the infant stages compared to the subtle mechanisms of living bodies.
Conversely though, by learning the mechanisms of living organisms we may develop highly functional
materials and synthesizing processes. But our insufficient understanding of biofunctions has made the
realization of such advanced synthesizing technology extremely difficult. Recently though there have been
major advances in the biomimetic approach, and we are beginning to see an opening for the skilled
incorporation of the subtle mechanisms of living organisms. Expectations in this area can be seen in topics in
the biotechnology domain, including “01: Muscle-like material,” “02: Artificial organs,” “03: Protein
synthesizing,” “04: Materials that promote development of biological tissues,” “05: Missile drugs” and “06:
Membranes similar to those in living bodies;” in the organic polymer domain, including “21: Self-healing
polymers” and “22: Control of protein aggregates;” in ceramics, including “40: Self-organizing materials” and
“42: Self-repairing turbines;” and in electronics and composite materials, including “71: Materials that
incorporate sensor functions,” “72: Nerve function of transmitting information,” “91: Materials with self-
diagnosis and self-repairing functions” and “92: Organic hybrid materials.” Meanwhile, human genome
analysis projects have been moving ahead, and with this, information about human genes is beginning to
accumulate rapidly, enabling researchers to steadily identify genes associated with specific diseases.
Technology to elucidate the functions of genes that have to date been unknown has also been developed. So if
researchers can specify the genes to be targeted by drugs, they will be able to highlight those genes and
develop new bioassay systems for them.
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1.1.4. Development of materials and processes connected with global problems

It has already been a quarter century since the Rome Club pointed out in 1972 the finite nature of the
earth, and warned that the population explosion and the economic expansion of developed countries could
plunge the world into a serious crisis. Unable to put the brakes on the exploding population and the massive
expansion of economic consumption, we have seen over these past 25 years the irreversible emergence of
various global-level problems. To tackle resource, energy and environmental issues, a range of chemical
processes is necessary, as are various kinds of high-performance and highly functional materials. Put in
another way, resolving various global problems is highly dependent on materials and chemical processes.
There is growing support for mandatory recycling of resources to make their use more effective and ease some
of the load on the environment, but discarding used goods and materials has always been the cheaper option.
Recovering resources seeks to reduce the growing entropy from the laws of thermodynamics, so it requires
more energy, and naturally it costs more. That is, we must understand that from an economics viewpoint,
recycling generates a negative added value.

In the materials and processing technology forecasts, the development of energy materials has
traditionally been one of the major topics, but topics dealing with ways of resolving various global problems
have increased considerably. This has gone hand in hand with a much greater recognition of the importance of
this theme compared to other themes. As well as topics 84 and 85 dealing with solar cells, we set numerous
topics that covered energy, such as “107: Generation of hydrogen through water decomposition by sunlight”
and “59: Hydrogen cars,” and global environmental issues, such as “33: Biodegradable plastics,” “34: Plastic
recycling,” “35: Waste disposal,” “36: Biomass,” “108: Carbon dioxide fixation” and “109: Desert
afforestation.” This theme accounted for 10% of all topics.

One point that has to be examined in relation to global environmental problems is the biodegradability of
synthetic polymers. Various kinds of synthetic polymers, especially the plastics we use today, are produced as
a part of the petrochemical processes, so they are not biodegradable and are therefore causing a major problen
in the global environment. The world’s oil reserves are finite, so it is important to develop processes by which
environment-friendly general-purpose polymers can be produced from non-oil resources. The general line of
thinking is that precision polymerization technology developed through a biomimetic route would be useful
for this. Moreover, we are reaching the stage where we can develop new microorganisms and enzymes that can
break down synthetic compounds that do not exist in the natural world through technology that accelerates the
evolutionary process. The development of chemical processes that generate less waste and use less energy il
industrial production is attainable, and it is believed that we will begin to see advances in such evolutionary
molecular engineering technology from now on.

In conclusion, in many cases the forecasted realization times for topics in this survey are five years or
more later than those for corresponding topics in the fifth survey. This signifies that as research becomes more
tangible, respondents are coming to the understanding that realization of the various topics in the domains
highlighted above is much more difficult than originally thought, and also indicates just how hard reading the
future of developmental research in materials and processing technology can be. The sudden realization of a
ceramics superconductor in the previous survey is a good example of this. Technological development,
however, forges its own path, and by following the locus formed by a series of developments, we should be
able to make a more accurate forecast of realization times. In the light of the above trends, the topics in the
highlighted domains will be realized between 2010 and 2030. These technologies include advanced materials,
molecular devices, biotechnology and chemical processes revolving around developments at the
atomic/molecular level, and technological developments connected with new energy and global
environmental issues. It is forecast that we will see almost a simultaneous blossoming of these technological
innovations, peaking around 2030. But we are approaching a fairly critical period, and there is some concern
about whether these technologies will be realized in time to resolve the various global issues we are facing.

(Co-authors: Masaaki Hirooka, Azusa Tomiura, Hiroyuki Sasabe, Jun-ichi Sato, Seizo Sumida, Hiroshi
Tokumoto, Makoto Misono)
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1.2. Forecast topic framework

In the course of compiling forecast topics, a framework representing the organization of technologies in
tabulated matrix form was drawn up for each field, with objectives and technological domains defining the
rows and columns of the table, respectively. The framework is designed to present an overall picture of
technological development in each field in terms of future prospects, importance, etc. as seen from the present
perspective, and is also used as a working framework for future reviews of forecast topics.

Table 1.2-1 Forecast Topic Framework for Materials and Processing Field

Domain . -
. ) Organic and . Semiconductor .
Biological . Ceramic Metal ] Composite Other
o high polymer and electronics
Objective
) 1112 37 38/ 5152 88 89 90
High performance
39
01020304 1314151617 40 41| 5354 61 62 63 64 65 6691 92
Functionality 05 06 1819202122 42 43 67 6869707172
44
07 23 45 55 73747576 95 96 97
Analysis, measurement 98 99 100
and simulation 101 102
103 104
. 08 2425262728 46 47| 56 57| 77 78 79 80 81 82 93 94 105 106
Chemical processes
29303132 48 58 83
Global-scale problems, | 09 33343536 59 84 85 107 108
environment, resources, 109
and energy
Processing methods, 10 49 50 60 86 87
devices and systems

* Figures appearing in the table represent topic numbers.

1.3. Topics with high degree of importance

Degree of importance index scores (Note 1) averaged at 58.1 for topics in the materials and processing
field as a whole. Topics considered of particular importance to Japan (top 20 topics in terms of degree of
importance index score) are listed in the table below. Notably, as many as 8 topic featuring in the top 20
related to the environment.

Table 1.3-1 Top 20 Topics in Terms of Degree of Importance Index

Topic Degree of importancg Forecasted realizatiop
index time (year)

84 Practical use of multi-layer solar cells with a conversion efficiency of more o1 2016
than 50%.
85 Practical use of large-aramorphous silicon solar cells with a conversion o1 2011
efficiency of more than 20%.
34 Establishment and practical use of plastic recycling technology. 91 2007
62 Development of memory capacity_of 1 terabit per.chip 86 2013
107 Practical use of processes for water decomposition by the sunlight. 85 2017
108 Practical use of carbon dioxide fixation technologgessary for protecting 84 2016
global environments.
44 Development of superconductive materials with a transition temperature a3 2020
around_room temperature.
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Degree of importance

Forecasted realizatio

-

Topic . .
index time (year)

20 Practical use of rechargeable polymer batté@eing a volume-specific 82 2011
capacity of 400 Wh/liter. (Capacity of current Ni-Cd batteries: 180 Wh/litef)
05 Widespread use of signal-responsive missile drugs capable of efficiently a1 2011
reaching targeted parts such as tumor cells.
33 Biodegradable plastics will ament for 10% of all plastics. 76 2009
35 Practical use of composite systems capable of garbage disposal basefl on the
high-temperature methane fermentation technology and of waste combusgtion 76 2008
disposal.
82 Development of innovative single crystal silicon manufacturing technology. 75 2011
41 Construction of large-scale structures (bridges, high-rise buildings, etg.)
using concrete (cement and fibers, steel bars, etc.) whose strength deterioration 75 2009
is predictable.
49 Widespread use of industrial electric machines which employ
superconductive materials having a critical temperature of liquid nitrogen|(77 72 2014
K) or more.
59 Production of automobiles powered by hydrogen fuel stored in hydrogen- 20 2017
occlusive alloys exceeds 10% of the total automobideyetion.
25 Development of selective catalytic cracking technology for naphtha. 70 2010
65 Practical use of semiconductor UV lasers. 66 2010
55 Development of diagnostic technologies, which enable in-situ estimatipn of
remaining life of metallic materials structures and components depending on 65 2010
service conditions, by non-destructive inspection for fatigue.
72 Elucidation of the information transmission structure of sensory nerves. 65 2015
22 Development of technology which create the desired functions through the 64 2018
complete control of two- and three-dimensional structures of protein complex.

Note 1: Degree of importance index = (number of “high” respoxnd€® + number of “medium” responses0 +
number of “low” responses 25 + number of “unnecessary” responséy + total number of degree of

importance responses
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1.4. Forecasted realization times
Forecasted realization times were distributed as shown in the diagram below.
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Fig. 1.4-1 Trends in Forecasted Realization Times

With more than half the topics in the materials and processing field forecasted to be realized between
2011 and 2015 and none before 2005 or after 2021, the distribution of forecasted realization times exhibited a
sharper peak than the general trend covering all the topics included in the latest survey. The earliest forecasted
realization time was 2007, which was given to the following 3 topics: 07. Practical use of non-invasive
monitoring of blood components, 26. Development of mass-synthesizing technology for fullerene carbon
compounds and 34. Establishment and practical use of plastic recycling technology. The latest forecasted
realization time was 2020, which was given to the following two topics: 44. Development of room temperature
superconductors and 106. Development of technology to produce materials of a condition in which single-
lattice bonding is fused (5p etc.).
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1.5. Current leading countries etc.

Responses to the question concerning current leading countries etc. were as shown in the diagram below.
Named by 72.6% of the respondents, the U.S. ranked No. 1 in the materials and processing field as a whole,
followed by Japan (63.7%) and the EU (24.9%), with virtually no other country or region chosen.
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Former Soviet Union a
Eastern Europe

Fig. 1.5-1 Current Leading Countries etc. (%)

1.6. Comparison with the 5th Survey (previous survey)

Of the 109 topics included in the latest survey, 51 (47%) were identical to the previous survey, 20 (18%)
were modified, and 38 (35%) were newly introduced. For identical topics, the results of the latest survey were
compared with those of the previous survey in terms of degree of importance index scores and forecasted
realization times, as shown in the table below.

Degree of importance index scores rose for 11 topics, fell for 38 topics and remained the same for 2
topics. 20. Practical use of rechargeable polymer batteries having a volume-specific capacity of 400 Wh/liter
saw the greatest jump in the degree of importance index score, up 19 points, while 23. Practical use of devices
that enable real-time X-ray structural analysis of supramolecular-biopolymer crystals saw the greatest drop,
down 32 points. Incidentally, Topic 23 belonged to the particles field in the 5th Survey, so, among the topics
already included in the materials and processing field in the previous survey, the fall was greatest with 01.
Development of artificial muscle-like material that responds to stimuli reversibly (15 points).

Forecasted realization times were all pushed back from the 5th Survey, except for 2 topics , one brought
forward and the other remaining unchanged. In particular, 67. Development of microwave cathode elements
able to operate at 7 A/crfor a life-time of one year saw its forecasted realization time pushed back 11 years.
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Table 1.6-1 Comparison with 5th Survey for Identical Topics

Degree of importance index/forecaste

Topic realization time (year)
6thsurvey 5th survey
01 Development of artificial muscle-like material that responds to stimuli reversibly. 51/2012 66/2014
02 Practical use of hybrid artificial organs in which cells are immobilized on materials
) ) 64/2014 71/2007
such as high polymer plastics.
04 Practical use of artificial materials that promote development of biological tissues
60/2013 66/2006

and organogenesis

06 Practical use of membranes that are similar to those in living bodies, and which have

] ] ) 53/2014 55/2009
an active transport function and receptors for signals.
07 Practical use of non-invasive monitoring of blood components. 53/2007 53/2004
10 Practical use of supersmall-sized medical accelerators with an en2aghéV
] P 53/2009 57/2003
and a diameter of less than 5 m.
14 Development of organsuperconductor having a transition temperature higher than
P g P g 58/2018 70/2009
77 K.
16 Practical use of high-polymer materials offering a coloring and luminescence ywhen
] . . 60/2009 51/2005
supplied with energy and sustaining for at least 3,000 hours.
17 Practical use of organic materials with the photo-sensitivity and resolution of gilver
. 53/2012 58/2007
chloride.
19 Practical use of high-polymer ferroelectrics whose piezoelectric constant is as high
47/2012 48/2007
as PZT.
20 Practical use of rechargeable polymer batté@eing a volume-specific capacity of
. . . . . 82/2011 63/2008
400 Wh/liter. (Capacity of current Ni-Cd batteries: 180 Wh/liter)
23 Practical use of devices that enable X-ray structural analysis of supramolecular-
) ) ) 49/2011 81/2005
biopolymer crystals in real time.
35 Practical use of composite systems capable of garbage disposal based on the high-
: ) ) 76/2008 66/2001
temperature methane fermentation technology and of waste combustion disposal.
37 Development of g, sintered material having robustness at least equivalent tg cast
e g a 53/2009 57/2007

iron at room temperatures.

42 Development of ceramic materials for high-temperature gas turbines (1,400°C or
higher), which have a self-repairing ability for damage (e.g., preventing cracks, 57/2016 63/2016
corrosion, etc.) in a combustion atmosphere.

44 Development of superconductive materials with a transition temperature around
room temperature.

83/2020 92/2017

45 Practical use of non-destructiesting technology which is detectable minute cracks
of less than 10 um in ceramics.

55/2008 63/2003

46 Development of a technique enabling solid-phase sintering process using ultra fine
particles at temperatures around 800°C to produce SiC-baseflgpriiised heat- 48/2010 52/2004
resistant ceramics.

47 Practical use of a technique producing cBN (cubic boron nitride) tools using vapou
deposition coating.

r
48/2008 52/2001

48 Development of technology for manufacturing diamond fiber. 48/2013 51/2009

49 Widespread use of industrial electric machines which employ superconductive

. . " S 72/2014 83/2008
materials having a critical temperature of liquid nitrogen (77 K) or more.

50 Practical use of a plastic forming technology for processing of structural ceramics

. R " . ) 53/2013 59/2005
(e.g., alumna, zirconia, silicon nitride, and silicon carbide).

51 Widespread use of super-heat-resistant intermetallic compounds for mechanical

. . . 61/2012 59/2005
components such as aircraft, engines, turbines and etc..

53 Development of magnetic materials of which maximum energy prodeetex 70
Mega-Gauss Oersted (MGSOe). (Current maximum value of Fe-Nd-B alloy : 64 54/2009 62/2002
MGSOe)
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Topic

Degree of importance index/forecaste
realization time (year)

6thsurvey

5th survey

54 Development of bulky magnetic materials of which magnetic saturation densit
exceed 3 Tesla. (Current maximum value: 2.4 Tesla.)

51/2012

61/2003

55 Development of diagnostic technologies, which enable in-situ estimation of
remaining life of metallic materials structures and components depending on ser
conditions, by non-destructive inspection for fatigue.

vice 65/2010

75/2004

56 Development of economical manufacturing process for ultra-high purity steel
6-N (99.9999%).

with
48/2013

46/2006

57 Development of new titanium refining process lowering the manufacturing cos
par with that of aluminum.

tona
55/2015

63/2009

59 Production of automobiles powered by hydrogen fuel stored in hydrogen-occl
alloys exceeds 10% of the total automobiledurction.

usive
70/2017

64/2011

60 Practical use of processing technology for super-smoothesuifiished metal with
the level of nano-meter surface roughness. (Current limit : 0.1 p).

49/2010

55/2003

61 Development of high performance switching elements made of nonlinear opti
material of the third order.

cal
63/2010

61/2003

67 Development of microwave cathode elements able to operate at*féventife-
time of one year.

53/2016

46/2005

70 Development of photo-refractive material that can change its photo-refractive
by more than 0.1.

index
53/2013

60/2005

71 Development of intelligent materials which incorporate sensor functions,
programming functions and effector functions.

59/2014

63/2010

73 Practical use of computer simulation technology for growing thin éitmsrding to
the first principle computation.

50/2008

59/2004

75 Development of technology for controlling the structures and properties of sol
interfaces at the atomic level.

id
62/2011

75/2005

77 Development of a technique for manufacturing of p-n junctdagamond.

53/2010

56/2005

78 Development of a heteroepitaxial technology for growing any semiconductor
material on silicon substrate.

62/2010

67/2004

79 Development of the technology to fabricate large-anea order) compound
semiconductor single crystal film on glass substrates.

58/2011

60/2005

80 Development of heteroepitaxial technology for growing large-area (inch order
diamond thin films on hetero-substrates.

55/2011

61/2004

81 Development of technology for embedding impurities, and repairing defective
crystallized silicon surfaces by STM-associatethmedogy.

54/2008

59/2003

84 Practical use of multi-layer solar cells with a conversion efficiency of more thg
50%.

5

91/2016

91/2010

85 Practical use of large-aramorphous silicon solar cells with a conversion efficier
of more than 20%.

C
Y 91/2011

86/2004

86 Development of X-ray free electron lasers with a wave-length of a few dozen

A 52/2012

60/2004

89 Practical use of oxidation-resistaatbonfiber reinforced carbon composite

materials.

55/2010

58/2004

93 Practical use of a bonding technology of ceramics and metals which resists t¢
repetition of temperature change over 500°C.(So far less than 400°C)

the
57/2010

66/2003

95 Practical use of computer-aided material design of solid catalysts with specifi¢
composition, organization, and physical properties.

ad
52/2013

66/2008

96 Development of computer simulation technology enabling the precise predicti
structures and physical properties in an isothermal equilibrium state, provided el

on of
ement55/2014

compositions are given in materials made more than one element.

67/2011
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Degree of importance index/forecasted
Topic realization time (year)
6thsurvey 5th survey

102 Practical use of online processing technology systems capablecafstorg and

. . . . 61/2012 60/2004
controlling size and shape with an accuracy in the order of 10A.

107 Practical use of processes for water decomposition by the sunlight. 85/2017 80/2009

108 Practical use of carbon dioxide fixation technologgessary for protecting globa
environments.

84/2016 87/2008

Note: Up until the 5th Survey, realization meant realization in Japan unless otherwise specified. However, this
was changed to mean realization somewhere in the world in the 6th Survey. Therefore, care should be taken
when comparing forecasted realization times from the two surveys.
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oS n —
ale wef membranes thgt are 3|m||art31 99| 6 15 79 52 20 53 24 B 35 27 74 10 7 3 |8 61 21 |0 46 0 |18 |53%° 24| 7 39 4 o 3 10 9 ¢4
those in living bodies, and which have an
active transport function and receptors for 2| 82 4| 16/ 80] 53 18 57 25 32 2 79 7 2 4 68 (16 0 |61 0 |12 6244 15 4 39 1 0 2 16 13 2
signals. x| 3100 o of 83 67 33 0 0 67 33 P S 0 o100 33 01200 (0 |0 677 33 0 33 0o o 0o 0o 0 (
7 [Bractical usef non-invasive monitoring of 1| 60| 8| 22/ 70| 55 23 55 18 B 28 92 |5 2 ]2 60 17 0 43 |0 |23 32%8 17| 17/ 30| 10 0 0 17 12
blood components.
2| 49| 4 22/ 73] 53 16 65 16 p 20 96 |6 o |8 78 14 0 53 o0 [10 |33%° 412 43 8 0 0 24 10 2
x| 2|10/ o of 75/ 50 50 o 50 100 P o 0 lo1200 0 o 0o 0o |0 50100 ol o050 o of o o o (
8 W,@f h',gh'y,se"?c“"w“ & 116| 6| 31 63 56 21 61 16 p 48 63 15 |8 0 [8 53 28 |2 |45 | 1|21 |5134 20 6 41| 1/ 1/ 16 3 3 {
processesising biomimetic catalysts (modele
after enzymes in biochemica reactions 21 92 3 33 64 55 16 7 12 49 7 9 4 0 4 71 22 1 62 0 |14 6039 13 3| 45 0 of 22 3 1 4
x| 3|0/ o of s00 o0 100 o 100 6| 0 33 o+ 0o lo 100 33 33 100 |0 | 0 100° 33 01000 o o O 0O 0 (
o [Bractical usef biodesulfurization technology.l 110| 2| 24 75 57 29 48 18 p 25 88 13 (4 (ﬁ 3 |8 43 16 |2 45 | 0 |25 3037 18| 13 43 7 2/ 32 5 1 4
2|83 1 18 8] 61 30 54 14 [ 19 9 6 |2 0 |5 52 '8 |1 63 0 [20 |3943 8 8 59 4 1| 40 4 1 (
—&
x| 1|00/ o of100 100 0 0 0 10| 0 1qo o 0o [0100 0 |0 100 0 |0 12009 J100] 01000 o o 0 0o 0
10(Practical us of supersmall-sized medical | | | oo & 19 76| 54 20 56 21 b 28 88 [s /™ 1 |5 67 84 |6 45 0 |10 |24% 32| 1|47 9 1| 7 23 6 4
accelerators with an energy_of 200 MeV andla
diameter of less than 5.m 2| 75| 5 13| 81 53 18 58 25 24 93 |7 L 0 |s 80 31 1 59 |0 |9 2748 32| 0 52| 7/ o 5 3 1 1
-4
x| 4|10/ o of100 100 0 0 50 75 25 ¢ o [0 100 0o |0 50 [0 |o 000 25 o 50/ 250 of 0 25 o0
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(Note) See page 7 for the interpretation of the graphs.
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Developmen -resi J
1 Develo' menbf heat-resistant polymer capa)!f 243 14 37 49 62 32 52 15 [ 81 40 14 2 4 |9 72 |25 |4 44 | 0|17 |5A7T 25 4 46 0 2/ 30 6 1 4
of continuous use at temperatures of up to #5
°C. 2(202| 9 39 s51] 60 28 59 13 [ 8 36 13 |9 3 |4 79 15 |2 50 0 |14 |59%® 17| 3 52 0 2| 41 4 0o 4§
x| 19]100, o o| e8 39 56 6 89 63 11 |5 0 Jo 95 16 |0 79 |0 |0 |68%7 |21 0 63 0 o 26 0 0
12 Developmenbf polymeric fiber with a tear resistance o ) 0
40% of the theoretical value and a modulus of 90% offe | 185| 15/ 37 49 60 28 59 11 p 8 24 19 |6 4 |6 69 28 | 3 49 | 1|16 | 50" 270 6 49 1 2| 19 4 3 4
theoretical value (the theoretical values are assumed opd 54| 11| 34 59 57 23 62 14 J 8 22 16 [0 5 |2 79 17 |1 55 | 0|12 |52 19| 2/ 59 o 1 27 3 2 3
20 GPa for resistance and 250 GPa in modulus of
elasticity). x| 17100 o/ o] 78 56 44 o0 88 41 12 18 O 6 lo 82 41 0 82 |0 |0 |594t 29/ 6 8 0 o 12 o o0 d
13 wf polymer matenglswnh 1|226| 120 31 59 59 31 49 18 B 75 45 11 b2 N 17 j12 |57 26 | 3 43 1|27|582 |23 3 38 o0 3 18 3 2 4
electrical conductivity and resistance to the
environment equal to copper at room 2 [190 8/ 31 62 58 27 5 19 P 75 4 9 6 17 6 62 20 2 50 0 |23 58t 18 2| 44 0 3] 23 3 1 4
temperature x| 15[100 o o 77 53 47 0 87 80 13 [z 7 |7 93 40 o 87 |0 [0 [80%3 270 7 60 0 o 20 0 0 1
14|Developmenbf organicsuperconductor havig |1 ;' 33 6d 60 32 46 19 b 65 48 10 k4 f“ 14 h1 68 (36 | 5 55 0|16 589 | 25| 5| 46 0 1 12 4 2 4
a transition temperature higher than 77 K. \I\\
2(169| 5 34/ 62 58 27 54 17 p 69 44 |7 1 _3 15 p2 68 27 |3 |59 | 0|18 |68 |19 4 46 o0 3 19 4 0 4
x| 8100 o ofl 63 25 75 0 63 63 0 50 o 13 25 75 38 13 88 |0 [13 500 |38 o0 63 o0 o 13 13 0
_ - -
g\ _p_Dengo menof superconducting materials of | | 001 130 59 sd 54 24 48 25 B 65 40 10 ho 7‘ 9 6 66 34 | 4 50 | 0|19 589 21| 4 45 o 1| 12 4 3 4
s conjugated polymer. \I
g 2149 9 30 61 53 18 57 23 [ 68 38 |7 B8 7 b5 74 30 |3 60 o0 [13]65° 19 3 47 o 1| 22 3 1 4
<
(=2} -
= x| 14100 o of ea 29 71 o0 71 43 0 43 0 21 93 86 |7 79 |0 [7 |64% 7/ 0 71 0 o 21 7 o0 (
[ =4 -
s |16 Practical usef high-polymer materials 1|180| 14/ 28 54 62 33 51 16 B 83 26 22 |6 /N 2 |6 66 28 |1 67 | 1|14 529 |18 3/ 39 1 2[ 14 3 3 4
S offering a coloring and luminescence when \m
gl supp“ed with energy and Sustaining for at |e$ 151| 11 26/ 624 60 27 6 13 n 83 2 22 |3 0 7 72 |20 1 |72 0 9 5&4 13 1 45 0 1] 21 2 1 g
3.000 hours x| 17]100 o/ o| 69 41 53 6 88 24 18 12 5 o |6 72 24 (0 94 (0 |0 7182 6/ 6 47 0 ol & 0o 0 O
17PraLcalu”forgan|c materlalswnh the |\ liss| 10 21 6d 54 24 47 27 b 77 28 19 fo AN 12 |8 |61 23 |1 55 023|319 3 35 2 1f 17 5 2 3
photo-sensitivity and resolution of silver j
chloride. 2(122| 8 21/ 70| 53 21 52 25 p 83 29 16 |8 8 |7 70 20 |1 66 o0 [17 |48*7 15| 2 34 o 2| 26 2 1 4
x| 10100 o/ o| e8 40 50 10 9 30 10 |o "7 30 po B0 20 (0 70 |0 |10 '50%0 |10 10 50, o o 10 d o
18| Developmentf organicferromagnetic 10182 4 27 ed 50 19 47 32 p 71 23 13 $6 N 8 N3 57 24 14 49 | 1|20 584 18| 3 45 1 1| 9 5 2 4
substances. \ﬂ
2(152| 3 19 78 48 14 51 34 f 76 16 11 5 5 f2 66 19 |9 57 | 1|12 5 13 3 48 o0 o 16 1 1 4
x| 5]100 o o| 60 40 20 40 60 20 20 4o ~21 o 0 100 60 (0 40 0 | 0 |60%0 020 60 0o o o 0o o d(
19 wf hlgh—polymer fgrroelegtncs l1]166| 5 35 60 49 13 60 27 f 80 20 16 P2 N 7 |9 59 22 |4 a7 | 0 |21 |4 17 3 43 1 1] 10 2 2 9
whose piezoelectric constant is as high as.PZT ]
2(136| 7 29 64 47 7 69 23 p 83 17 11 {9 4 1 64 14 |1 55 o0 |18 5% 13 1 47 o 1| 19 1 1 4
x| 9lw0 o of 53 11 78 11 89 33 33 44 12 J1 78 33 (0 67 (0|0 /443 11 0 67 0 1] 0o 0o 0
20(Practical usef rechargeable polymer batterie§ |,.;1 g 55 6l 79 61 34 3 | 75 60 25 |8 6 |6 66 30 |2 64 |1 |11 |44 21 3 52/ 3 2/ 22 4 3 3
having a volume-specific capacity of 400 7
Whlliter. (Capaci[y of current Ni-Cd batterie$:2 | 133 5/ 24/ 71 82 65 3 3 78 6 23 5 4 6 74 18 0 |72 0 9 4757 14 2| 56 2 4] 28 2 1 g
180 Whliter) x| 7]100 o of 86 71 29 0 86 71 29 jo i—ieo—i— o lo 72 29 |0 100 0 |0 |71%7 0l 057 0 of o o 0 14
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(Note) See page 7 for the interpretation of the graphs.
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21|Developmentf selt-healinghigh polymers. |\ |157| 5 35 6 54 24 a7 27 b 64 28 41 s /§ 10 17 54 24 1 42 1|20 51 |18 3 44 o0 2/ 16 5 4 ¢
20135 4 27 68 51 15 62 22 L 63 16 44 B3 j 9 5 |65 15 | 0 50 | 0 |23 | 676 13| 3 47) 0o 1 24 4 1 4
x| 6100 o o] 71 50 33 17 67 38 33 Ho 0 17 83 50 0 8 0 [0 508 0/ 17/1000 o o o 17 o
Developmen i
22|Developmenbf technology which create thel | 1,051 g 5 od 65 33 47 15 h 62 34 37 ho "N 11 |8 [74 40 |1 46 1|15 564 24| 20/ 41 1 o 20 & 16 4
desired functions through the completmtrol Tl
of two- and three-dimensional structures of| 2 | 92 5 23| 72| 64 35 5 12 65 1 38 3 9 [0 82 34 1 |51 0|11 6739 23| 21 49 1 0] 26 8 17
X . ot
protein complex. x| 5100 o of 9 8 20 0 60 60 60 o 20 200 80 |0 8 0 |0 [408 20 40 40 0o o 0o 0 0 (
23 PraLcalusfdgwces that enable X-ray 1|163| 7 23 71| 52 19 51 20 fp 37 26 69 2 |7 65 37 |3 50 | 1|17 4137 39 10 48 1 1 7 5 4 ¢
structural analysis of supramolecular-
biopolymer crystals in real time 20129 5 23 72 49 10 65 24 J 36 18 §2 1 (4 76 36 |2 59 | 1|9 |4926 4| 6 520 0o 1 9 5 2 4
x| 6]1000 o] o] 50/ 17 67 0 17 5 17 0 43 0 [0 100 67 |0 67 |0 [0 5017 50 17 67/ 0 171 0o 9 0
24|Useof catalytic oxidation and hydrogenation with >
) ) ; . | 1| 96| 10 29| 60 57 27 49 22 P 55 64 11 P2 2 |7 60 50 |4 51 | 1|20 |58 17| 4 42| 1 2/ 16 1 0 4
much less by-production of inorganic salts in plage
of the majority of reagent oxidation and reduction 2 | 82| 10 27| 63 55 18 66 16 p 56 6 7 17 0 |7 7 48 |5 52 | 0|15 6843 12 1 45 0 o0 23 0 0 A4
reactions in the synthesis of fine chemicals. i 63
x| 8l100 o o| 75 50 50 0 38 8 0 & 0 13 8 75 13 100 |0 | 0 |75 o/l o 8 0o o o o o g
_ - - - i
g2 Developmenbf selective catalytic cracking | | | oo 11 33 sd 67 44 40 15 f 58 8 12 1 |3 76 36 |3 54 | 0|10 |48°2 25 1 54 4 1| 15 1 0 4
s technology for naphtha.
g 2| 771 5 36 s8] 70 45 45 11 58 79 5 13 3 |6 B4 26 |3 57 |0 |10 |48°8 17 0 61| 1 1 19 0o 0 4
& < 75
= x| 4]0 o o| 88 75 25 o 75 100 0 Ho o 0 [0 100 25 |0 75 (0 |0 |75 o/ 0100 o of o o o d
=] .
[ =4
Developmern -
S| Developmenbf mass-synthesizing technology, |5, ¢ 59 o 42 10 44 42 1 63 19 5 45 2 |lo 7 42 |6 64 0|9 |46 24 2 46 1 2| 14 3 3 4§
S for fullerene carbon compounds.
) 20151 3/ 26 72| 40 5 48 44 B 66 3 g1 1 )1 77 34 3 66 0 |11 484 19 2 44 o 1| 17 1 1 4
e
x| 4]0 o o| 38 0o 50 50 75 0 7p c 0 o100 50 |0 1200 (0 |0 |7550 o/l o 75/ o o o o o g
27|Practical usef technology for direct synthes|s, | o, o' 55 6d 51 19 52 27 b s9 53 7 |7 /Q 1 o 57 43 |7 |49 | 0|20 4P 17 1 45 1 1| 12 1 1 3
of phenol from benzene.
2| 75| 13| 24 63 49 11 64 25 p 69 5 5 16 0 |8 71 39 |4 61 0 |16 |48 11| 1 49 o 3 13 0o 0 4
—o-
x| 10]100 o/ o] 60 20 80 0 80 70 0 40 0o [0 70 60 20 80 |0 [0 5080 10 0 60 0 100 0 0 0 1
28{Widespread usef new organic synthetic 10135 10 27 69 55 26 46 26 p 67 58 |5 p5 2 |7 60 35 |1 57 | 0|16 560 | 20| 1 48 o 1| 168 3 0o 4
processes using photocatalysts. 7
20109 6 24 700 50 14 59 26 f 67 6 2 18 1 |6 B9 23 |1 65 0 |15 |58%% 14| 1 44 o 2/ 18 1 0 3
_e_
71100 o o] 64 29 71 0 71 43 0 14 o o lo 8 29 14 57 0 |0 |5714 14/ 0 290 o o 14 0o 0 d
29|Developmenbf precision polymerization processgs 5
- - 1(128| 23 33 49 65 37 49 13 p 76 26 13 fi2 3 |5 77 45 |1 (70 | 0| 8 | 60* 21 2 52/ 1 1 9 1 1 4
that can freely control stereoregularity, chain
structure and molecular weight and its distribution off og| 21/ 35| 44 63 34 52 14 p 85 1 7 48 1 |7 82 44 |0 (76 0| 7 |68%7 18| 1, 61 o 1 10 o o 4
polymer in addition polymerization reactions. 67
X|21]100 o/ o] 85 70 30 o0 90 14 10 42 —o— 0o o 81 52 |0 81 |0 [0 |76 38| 5 620 0 of o o o d
Development
30|Developmenbf technology that can freely | 1,51 50 55 s 60 30 53 15 P 73 19 11 bo N 5 |5 68 39 |1 61| 0|14 6#° 20 2 49 o0 o 8 2 1 35
control molecular weight and its distributionfin ]
condensation polymer. 2| 99| 20/ 28 52 57 21 65 13 p 87 1 8 39 | 3 3 |5 78 32 |1 69 |0 |11 714 15| 2 53 0 o 11 0 0 2
] ——e— 50
x| 20]100 o of 78 55 45 o 85 15 15 35 —o—i— 5 |5 65 25 |0 85 |0 [0 |75 30, 5 65, 00 of 5 o o d
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(Note) See page 7 for the interpretation of the graphs.
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Developmern 4
31|Develo menbf'tgchnologytlhat can f'reely | 1]114| 18 28 54 50 16 54 28 B 69 21 12 P6 2 1 61 (39 | 1 59 | 0|18 ad'0 18| 3 39 0o 3 16 2 1 4
control the tacticity of polyvinyl chloride and
polyvinyl acetate. 2| 91| 15/ 27 57 50 12 63 24 p 78 1 8 27 1 p3 75 32 |0 (70 | o |11 |63* 14| 1 44 0o 3 25 0o 0 3
x| 14]100 o/ o 71 50 36 14 79 36 14 43 o 7 |7 79 50 0 8 0|7 5743 29/ 0 64 0 of 14 o o ¢
Developmel L
32|Developmenof technology that can freely | | 1,11 170 51 o) 64 24 55 8 b 72 18 11 ko 7 6 |9 67 40 4 55 | 1|16 540 23| 2 44 1 1|l 11 2 2 4
control the supra-molecular structure of
polymers (higher order functional structure }.2 [117| 14 32 5§ 60 24 68 6 p 83 1 7 %6 5 |9 76 44 |2 68 | 0 |11 707 22| 3 53 1 of 19 3 2 4
x| 16]100 o/ of 81 63 38 0 81 19 31 46 o 6 |6 75 81 (0 94 (0 |0 |69 50, 0 69/ 0 of o o o d
g|ss Blodegr'adable plastics will account for 18 , |51 o/ 3 67 71 48 41 9 p 44 8 21 |6 /\ 6 |4 58 59 |1 57 |0 [11 |32%2 16| 6 42| 28 3 46 3 4 1
=3 all plastics.
g 20176 8 23 69 76 56 35 8 | 37 93 14 |5 4 [3 66 68 |1 67 o0 |5 |35% 13| 4 52| 30 3 53 2 1 4
<
(=2}
= X | 14]100 o o| 75 57 29 14 20 100 21 |7 7 lo 64 79 (0 64 0 |0 2157 14| 0 57, 29 o 21 g 0
c
d practical uskp
S [%4 Establishment and practical lastic 1]259| 11 26/ 64 8 72 24 3 p 51 92 17 |4 0 |3 46 64 |1 52 1 (11 |31°Y |20 5 46 34 2 37 4 7
S recycling technology.
) 20211 7 28 65 91 82 15 2 47 93 13 |2 0 [2 50 74 ‘0 63 |0 |6 3183 15| 1 54/ 34 o 43 3 2 1
e
_e_
x| 15]1000 o/ o] 100 100 0 0 73 93 20 |7 —o— o lo 67 87 (0 73 |0 |0 |27%7 13| 0 53 27 0 27 20 0
35 |Practical usef composite systems capable of 46
. ; 1(113| 5 16/ 79 73 51 39 8 | 39 9 17 |4 2 |4 84 41 |3 52 |1 [22 30 17| 3 50 27 o0 39 3 4
garbage disposal based on the high-temperatur W
methane fermentation technology and of waste | 2 | 96| 2 14| 84 76 54 3 6 32 93 14 |4 o [1 81 8 (2 70 o0 [18 |25 13| 0 64 27 1 51 1 3 1
combustion disposal. 50
x| 2|10 o o| 75 50 50 0 50 100 50 [0o—e- 0 o o 50 0 5 |0 |50 |50 0o/ 0100 o of 50 o o ¢
36 Blotma_\slses will exceed 1084 chemical 1]114| 3 19 78 59 33 42 23 B 36 92 12 |7 f‘\ 8 1 52 39 |4 32 7 |22|3P* 15 8 44 23 3 33 9 4
materials.
2| 97| o 15 85| 58 27 53 19 | 33 94 5 |3 ] 4 |s 63 39 2 35 |5 |19 3942 11| 4 53 16 2 38 Q@ 2 1
x{ ol - - - -1- -1 -7 -[-1-7-]- B E - R EEEEEr
37|Developmenbf S|3N4sm.tered matenallhavmgl 173| 19/ 38 49 55 21 58 19 P 80 44 8 |3 6 fo |61 21 |8 68 | 1|10 45" 28 5 48 1 2/ 14 4 2 4§
robustness at least equivalent to cast iron 5
room temperatures 2|149| 16/ 34 50 53 16 63 19 [I 84 3 8 |7 6 |7 59 11 |4 77 | 1| 7 |52 19 3 56/ 1 1 19 3 1 3
X|24]100 o o 68 38 58 4 88 46 4 J 4 o 79 17 |o 88 |0 |0 5458 21 0 790 o of 17 4 o ¢
3g|Developmenbf large-scale architectural window | 8
" o | 1]135| 14 34 54 50 17 55 24 B 56 20 59 |6 2 p1 59 21 |1 54 | 1|17 | 36" 14| 4 35 11 2 7 22 3 4
glass for which there is time enough to take prio
safety countermeasures against a qualitative 2|117| 10 32 57 50 12 64 21 B 56 10 66 |3 1 |9 B8 12 |1 62| 1 |15 | 40°8 6| 3 41/ 9 1| 5 32 o 4
L deterioration in strength. 75
£ x| 12]1000 o/ o| 66 36 55 9 50 17 92 |0 S 0 [0 75 17 o 92 0o |0 |83 o/ 8 67/ 0 of o 33 0o d
© i - i
O (39 Pr.aLgalusf power generator turbm'es m3de |98 16 34 sd 65 37 40 12 b s8 7 8 |7 7o\ 5 |8 65 30 |4 67 1 |11 |43%® 27| 4 54/ 2 2 11 10 1 4
primarily from high-strength, heat-resistant
ceramics. 20169 15| 31 54 63 31 59 9 [ 64 7 4 |s 2 |4 64 21 |2 74 | 1|8 4692 16| 2 65 2 1 12 13 0 4
X|25]100 o o 73 48 48 4 68 88 0 [o 0o lo 88 16 |0 72 |0 |4 4852 12/ 0 84 8 o 12 12 0
a0|Developmenbf inorganic materials which | | 1,001 16 55 4d 54 23 51 22 b 72 31 8 ks N 5 |8 67 31 4 58 | 0|12 55%9 | 24| 5 48 o0 1| 8 5 3 4
exhibit self-organization phenomenon with
specific nano-scale structure/characteristicg. 2 |154 14, 35 51 51 16 6 20 W 75 2 7 13 - . 4 6 69 20 2 68 0|11 6547 19 3| 56 0 o 13 6 2 3
——ei—
X|21]100 o/ of 65 33 62 5 76 38 5 48 —& 0 10 71 14 |0 67 (0 |5 |5238 19/ 5 62/ 0 o 10 0o 5 d

-130-

(Note) See page 7 for the interpretation of the graphs.
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41 |Constructiorof large-scale structures (bridges, high- 59
- _— ; 1(164| 12/ 34 54 72 50 40 9 p 68 35 59 |3 2 |5 o 10 |1 66 | 0 |20 |33 21 3 39 22 1| 18 26 2
rise buildings, etc.) using concrete (cement and
fibers, steel bars, etc.) whose strength deteriorajop {sia0| 7| 34 59 75 55 3 7 L 78 24 59 |4 1 |4 46 6 |1 79 |0 |15 277 16| 2 49 19 1 14 38 1 4
predictable.
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42 Developmenbf ceramic materials for high-temperature] i | 1 |
gas turbines (1,400°C or higher), which have a seff- | 1 |175| 19/ 35 4§ 62 31 55 13 L 61 66 13 |1 13 [10 |61 |23 | 2 58 1|18 50 25| 5 51 1/ 1l 10 7 2 {
repairing abilityfor damage (e.g., preventing cracks, | 5 |146| 17/ 31 54 57 21 68 11 f 66 66 |6 f0 9 po 68 17 |1 64 | 0|16 60> 17 1 60 o0 1 16 5 1
corrosion, etc.) in a combustion atmosphere.
x| 25[100 o o 68 36 64 0 64 80 0 8 ¢ 20 lo 76 24 |0 68 |0 [16 6036 8 4 64 o0 4 4 8 o d
43 PraLcal'usfﬂuonde glass fibers foroptical, |,50] o 27 6 60 20 54 15 § o1 1o 23 |7 /N 3 |9 66 20 |3 |71 | 0 |13 | 42% 25| 3 370 4 2| 11 10 2 4
communications. rr j
2(131] 5 31 68 58 22 €5 13 p 92 11 24 |6 2 |7 70 10 |1 74 o |9 |50°8 18| 3 37 2 1 13 13 1 32
x| 6f100 o o 63 33 s0 17 00 0 50 17 —oi 0o 17 83 33 0 67 0 [0 5087 17/ 17 50, 0o o 0o 0o 0 17
- -
44 4[)7D‘evelo meppfsuperconductlve materials | 1,01 o 3, 59 80 65 28 7 | 83 60 9 4o /QQ\ 12 b8 |74 |48 (10 67 o0 |12 |55 32| 6/ 51 0 of 12 7 3 4
with a transition temperature around room r oo
temperature 2(188| 9 27 64 83 71 22 5 p 8 59 4 43 5N 14 po 76 40 |6 71 | 1|9 648 26 3 58 0 o 16 5 1 4§
x|16]100 o of 83 75 13 & 88 69 13 44 —-J 13 p5 B1 44 19 63 | 0|0 /5638 44 0 63 o0 o 13 6 0 (
45|Practical usf'nor!—destruct|veest|'ng 1|190| 17/ 38 49 56 26 49 24 h 68 28 26 |5 "\ 1 (4 61 25 |4 64 1|16 | 450 271 5 4 o 1 3 7 2 4
technology which is detectable minute cracks
of less than 10m in ceramics. 2(162| 14 35 54 55 19 60 21 p 78 22 23 |9 1 |3 69 19 1 74 | 0|14 559 | 20| 2 43 0o 1| 2 10 o 4
o
B4 _e_
E x| 22100 o o 67 41 45 14 86 3 14 [5 i —&— 0 |5 73 14 0 73 0 |9 45% 18/ 0 55 o0 o 5 0o o0 dq
o Developmenbf a technique enabling solid-phase|
O [46[==" nigue er g P 1177 19 32 49 51 17 56 24 p 75 4 6 14 /“ 7 |8 60 23 |7 64 | 1|13 4% | 25| 5 43 0 1| 6 5 2 4
sintering process using ultra fine particles at
temperatures around 800°C to produce SiC-basdriae| 14| 32 53 48 10 65 23 p 86 3 5 |o ] 3 (4 70 14 |3 71 o0 |10 |57%° 14| 3 51 o of 7 4 1 2
SisN, -based heat-resistant ceramics. 48
x| 21100 o o 64 29 71 0 95 57 5 3 0 lo 90 24 |5 76 |0 [5 |52 29 0 62 0o of o 5 0o o
47% f.a'techmque producmg CBN | ) |461]| 17 27 5d 49 16 49 34 h 83 1 8 |7 AN 1 |5 57 25 12 |66 1 |13 | 39%8 24| 3 370 0o 2/ 4 3 2 4
(cubic boron nitride) tools using vapour
deposition coating. 2|126] 13 29 59 48 10 63 27 f 8 1 7 |s o |1 61 16 |6 76 1 |10 |41%3 19 2 42 o 1 6 2 1 4
o
x| 17100 o o| 60 24 71 & 82 a1 12 2 6+ o [0 82 18 12 1200 |0 |0 5371 35| 0 53 0o o 0 12 0 (
Developmen [
48 '?e"e'o mgnbf technology for manufacturing , |,c0f 13 56 6f 51 20 44 33 p 82 18 11 p1 7N 5 o 53 20 (11 44 | 0|24 4#0 27| 3 40 1 3 5 4 2 4
diamond fiber. j\l
2(132| 8 27/ 68 48 12 59 28 | 88 14 11 3 1 p3 68 17 |5 55 | 0|17 |52 20 3 48 o0 1 9 2 1 4
x| 10[100 o o| 48 10 60 30 60 50 10 40 o 0 po B0 30 20 80 0| 0|94 |20 o 60 o o 10 10 0
49 W—p—",‘es read usef industrial glectnc mgchmesl 208| 9 32 59 72 48 44 7 P 84 66 13 {2 7 3 |8 72 37 |6 72 o0 |10 |43%6 24| 4 53 4 o 8 5 4 2
which employ superconductive materials m
having a critical temperature of liquid nitroggﬁ 172 9/ 28 63 72 48 44 7 L 8 5 12 6 2 4 78 24 2 |78 0 6 | 4454 16 3 66 1 0 9 6 1 .
(77 K) or more x| 16100 o of 81 69 25 0 94 69 19 6 o 6 [0 88 25 |0 94 |0 [0 5089 31 6 69 6 o 0 6 0 (
50 PraL&alus_@faplastlcformmg tephnology 1]176| 19 32/ 4d 57 26 53 19 p 8 31 11 |5 AN 3 |7 56 24 4 68 | 0|14 489 20| 5 48 1 o 5 4 2 4
for processing of structural ceramics (e.g.,
a|umna’ Zirconia’ silicon nitride' and silicon| 2 1149 12 30| 54 53 16 6 17 n 88 1 7 12 b 1 6 60 15 1 78 0|11 4858 16 2| 52 0 0 9 1 1 3
i —e—
carbide). x| 18100 o of 69 44 44 11 83 50 6 42 R o |6 67 17 0 83 |0 |0 56°° 17| 6/ 56 0 o 6 0 0 (
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(Note) See page 7 for the interpretation of the graphs.



Materials and Processjn

e;i?'triesz ((J:A]) Importance (index, %) Expected effect (%6) Forecasted realization time Leadingmcountries (%) Measures the g:cfvernment should adopt (‘)E&teml;;]?;blems
2 3 & £ £ 2 fs
8 5 = g 3 = E S
- o o uw o = 2 S| o =
S| E 3 c 38 g 2| E <]
a 2 3 =1 ) 2128 3 £ © 2 o
8 £ 2 7] = ) Q£ D o S| 3 2 2 4,
2| 5 s 8 @ S ? A= s 8 5 & ol g 2| 8
. o =2 — = = S| c e = © I} =
g gl g R HIE 9 ¢ s|gcEs 88 8 E |58 3%
* N = - = = N
= o & £ y £ 1€ 8 ¢ % 1 § ¢ £ glcsEe 58 &8 & o2 2§ 3
S5 . gl ¢l g 35| 2|3 g 5 =z 8|l e L u T o 2« 5 ¢/ 8 3 X § 82T 8 & T 2 w|l e 88 5 B
2(8 Topic gl sl 2 3 8128 2 8 8 8 2T = g o 2| 9 m & & °© 8|l g 235 5 5 E| &5 £l £ g 2
Zlo S r e 4 =T & 2 gl e 5 a = al 8l > S S = €|l 5/528 B © €| = 5| ¢ © E
ola B @ = = 5] § s/ 8 © 5| € 2 2 gl £Els=2 2 g5 g £ S g & =
g g ¢ 1§ ¢ s 8 g 8 °|g8ss £ 23§ |E g3 2
o 3 ‘B = Q = = L 5
°l 2 2 g g 2 3 g2 8 &8 3 3 5 2 2 O
s L < = o) ) © | S o ©
& 5 2 §% & - 5 2
I o S| < ©
u 2001 2006 2011 2016 2021 2026 S [ 2 i 3 %
VY VVYVY - =) < <
- — ] :
51 W._p_ldes regd usef super-heat resistant 1]163| 17 34 49 63 34 s0 14 f 73 58 9 |5 5 |7 82 33 |8 58 0|9 44* 26 6 48 4 1| 12 10 2 4
intermetallic compounds for mechanical
components such as aircraft, engines, turbin@s| 137 18 28/ 59 61 31 53 15 L 80 5 6 5 4 |14 88 25 3 |63 0 6 | 5047 20 5 57 2 1 13 11 1
and etc.. X|24]1000 o of 70 46 46 4 4 75 er 4 P —&— 8 lo 96 '8 |0 67 |0 |4 504 |29 13 42 4 o 13 8 0 4
52|Developmenbf heat resisting alloys which | | 1,201 50 55 41 60 20 56 14 b 70 59 11 |6 6 |9 72 28 12 50 | 1|12 575 30| 7 s 2 1| 11 7 1 4
tolerate under the load of 150 N/rﬁmat 2
) 5 4
ambient temperatures of 1,05086d beyond | 2 |113| 21 27 52 60 25 64 11 p 79 & 4 |a 3 |6 80 21 |6 58 | 0 |10 | 59 23| 4 65/ 1 of 15 5 0 4
1,000 hourdor service. x| 24]100 o of 71 42 58 0 88 63 0 Mk = 4 lo 79 17 lo 75 (0 |4 |63%° 29, 8 67 0 o 21 0o o d
53|Developmenbf magnetic materials of which 2
- 1[100] o 36 55 59 28 51 20 fL 76 27 17 P2 /\ 0 |9 50 27 |9 |66 | 0 |14 | ag* 30| 6 370 o 1 11 7 2 4
maximum energy product exceeds 70 Mega-Gayss
OerstedMGSOe). (Current maximum value of F¢-2 | 85| 7 33| 60| 54 14 73 13 86 18 12 18 0o |8 60 20 |6 73 0 [11 |59% 21 4 39 o of 14 2 o 4
Nd-B alloy : 64 MGSOe) 17
x| 6|00 o of 58 17 83 o 100 38 17 Ho 0o o 67 83 |0 83 |0 [0 |67 o/ o 500 o of 17 o o d
54 —"—DGYB'O ment)_f bulky magnetic materlals Of, 1]101| 12 34 54 55 26 46 27 p 70 26 |8 p6 4 fa 50 27 |9 |59 | 0|12 469 29 5 36 o0 1| & 5 2 4
which magnetic saturation density exceed 3
Tesla (Current maximum value: 2.4 Tes|a.) 2| 76 8 30 62 51 15 62 22 L 84 1 4 0 0 9 64 22 4 74 0 4 5536 20 3 38 0 0 8 0 1 1
x| 6]100 o o] 63 33 50 17 83 17 17 47 = o lo 67 0 0100 (0 |0 6717 17/ 0 67, 0o o 0 0 17 d
Developmenbf diagnostic technologies, which enable fin-
55 [2evelopmen . A 6
situ estimation of remaining lifef metallic materials 1(166| 25/ 32 43 67 40 49 10 h 69 37 45 |3 (\m 4 |7 l6a 309 | 7 63| 2 |12 | 5F 30| 12 41 2 1| 4 13 2 4
structures and components depending on service 2(140| 21 28 51 65 34 59 7 p 78 31 41 |a 1 (1 70 24 |1 76 | 0|8 |56 20 9 44 1 1| 3 13 1 4
conditions, by non-destructive inspection for fatigue.
E: x| 30]100 o of 76 55 38 7 77 37 53 I3 o |3 70 30 |0 87 0 |3 |57°3 23/ 10 670 0 o 3 10 3
3 - -
s6|{Developmenbf ect_)nomlcgl manufaf:turlng 10129 15 26/ 59 51 19 49 30 p 76 24 8 $5 "N\ 5 6 32 25 8 62 | 1|21 43® 33| 6 47 2 1| 6 3 2 1
process for ultra-high purity steel with 6-N ]
(99.9999%). 2|107| 14| 24 64 48 12 55 30 p 82 1 6 B2 2 fo 40 22 |3 75| 0 |12 | 578 28| 4 54 o 1 8 1 o 4
x| 15]1000 o/ of 61 29 64 0 80 27 7 €0 o 7 lo 40 40 |0 87 |0 |0 |6033 20 7 670 0 of 27z 7 o 1
57 _p_Deve!o menbf new tltan'lum refining processLl 128| 14 23 63 60 29 52 17 P 84 42 20 |3 N 14 j16 |57 21 (11 46 1|25 480 27| 6 38 o0 2 11 8 2 4
lowering the manufacturing cost on a par with TI
that of aluminum 20108 14 20 ed 55 23 56 18 B 8 32 18 |8 11 phe 67 (16 | 7 56 1|19 | 669 20| 4 450 0o of 14 3 o 4
x| 15]1000 o o 58 33 47 7 13 87 38 0 4o ~Z0 27 |7 67 7 R0 67 |0 |13 7333 13| 7 53] 0 o 27 0o 0 d
58 —"—Dev?'o menbf moldlpg Fechnologle‘s for 1]126| 16 30 54 48 13 54 31 p 75 29 |7 |8 2 ho 62 28 6 57 | 116 50*t 28| 6 38 0 2 & 6 3 4
making new alloys utilizing mechanical
alloying technology. 2| 99| 15| 33 52 47 11 58 20 p 79 2 3 I8 1 |6 76 20 |5 64 0 |11 |69%3 23| 1 41 o o 8 3 o 4
x| 15]100 o/ o| 55 27 47 20 80 40 0 13 o 7 lo 80 13 (7 67 (0 |0 |674° 13| 7 53/ 0 o 13 7 0 1
59| Production of automqblles powered by | 1]184| 7 18 74 70 47 40 13 p s4 92 15 |6 8 fl0 55 34 |3 59 | 1|20 288 21 2| 49 22 1 18 17 2
hydrogen fuel stored in hydrogen-occlusive \l
alloys exceeds 10%f the total automobile | 2 [151| 5 18 77 70 46 40 13 p 52 93 11 |3 5 |8 66 30 |2 74 0 |15 |30%4 13| 1 62| 20 1 24 21 1
production. x| 8|00 o of 91 88 0o 13 38 75 13 |0 13 13 75 13 (0 88 0 [13 (5053 | 25| 0 63 0 o 25 25 0
eo|Practical usef processing technology fqr 1]158| 10 32 59 52 21 46 33 p 80 11 b5 /‘ 5 [3 53 28 4 61 | 1|16 4*l 37| 4 a1 3 3 4 4 2 4
super-smooth-surface finished metal with tHe
level of nano-metesurface roughness_ (Curreﬁt 126 10 33/ 571 49 15 55 30 n 90 5 6 L - 2 2 B9 20 1 80 0 9 6344 33 1 44 2 1 6 4 1 2
N e— —io—i—
limit : 0.1p). x| 12100 o of 54 25 42 33 92 8 0 B i—6— 0o lo 67 0o 0 8 o |o 673 50| 0/ 33 0o of 8 o o d
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(Note) See page 7 for the interpretation of the graphs.
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61|Developmenbf high performanc.e swnchmg 1[140| 10 33 57 63 37 43 18 © 8 10 8 8 1 |9 76 39 |5 65 | 0| 9 |51 26 2 46 0 o 3 4 2 f
elements made of nonlinear optical materia| of
the third order 2(127] 9 31/ 60 63 32 53 15 p 8 8 8 23 0 |8 B4 33 (0 68 0|7 58°% 20 2 55 0 o 3 5 1 2
x| 11100, o of 82 64 36 0 91 27 9 47 0 [0 91 27 |o 91 |0 [0 (64 270 0o 73 0o o 0o 9 0o (
i i - -
62|Developmenbf memory capacity of Lterabit | 1,01 11 59 6 83 69 25 4 h 92 13 20 b 7N 3 |6 75 9 0 82 | 2|5 4 3| 1/ 5 2 1 2 3 s 4
per chip j
2(113| 9 28 63 8 74 21 4 2 6 17 10 1 |4 73 4 |0 8 |3 |5 5% 20 1 57 0 o 4 2 5 2
x| 10]100 o/ of 95 90 10 0 100 10 30 |o & o lo 90 0 0100 10 [0 409 30| o/ 50 0o o 0o 0 10 g
63 _p_Deye!o menbf ra'dlat'lon and heat re5|st§nu 1| 89| 10 28 62 57 26 51 19 W 54 60 13 |9 2 6 6 66 22 |2 45 o0 |15 | 3838 31| 4 54 2 1 10 11 7
logic integrated circuits capable of use with W
nuclear reactors. 2| 75| 8 23 69 55 19 63 18 55 75 11 |5 4 p1 81 1 |3 47 o |11 |39 24| 3|69 0 1 12 15 4 1
x| 6100 o of 75 50 50 0 67 100 17 [0 —o— 0 o100 127 17 50 (0 | o |17200 0/ 17 83 0 o 0 33 0
64|Practical usef quantum-effect interferometer , | ool o' 53 5ol 53 21 52 26 § 72 9 8 42 N 2 15 79 87 |4 62 1|8 5147 21| ol 4 o 1 2 2 2 4
for flux measurement.
2| 77| 9 22/ 69 50 12 65 23 W 5 3 42 3 Jo 8 34 1 70 (0|4 688 13 0 44 0o 1 1 0o 1 4
@ x| 7]100 o of 61 29 57 14 57 29 0 i 3 0 %9 100 57 14 100 |0 |0 (71%% | 29| o 71/ 0o of o o o 14
= : . -
g% Practical usef semiconductor UV lasers. | | |,5| 15 35 sd 65 38 49 12 h 88 17 13 pa / o [7 70 26 |5 65 | 0|15 |48 28| 2 50 0o o 2 5 4 4
|5
Q
© 2 (105 16/ 27 50 66 36 57 7 p 95 10 10 9 0[5 80 17 |2 72 | 0| 8|59 22 o 54 o 1f 4 3 1 2
=
© x| 17]|100 o o| 72 47 471 6 94 6 0 3 0o lo 88 12 |o w6 |0 |o 5971 |20 0 65 0o o 6 0 0 d
=} n n n " s
2|66 Practical usef operational circuits comprisifig, |,yq| 5 30 6 55 27 45 23 b 80 11 10 p5 N 4 |7 7 29 2069 o6 4% 26 2 52 0 1 1 2 2 4
2 Josephson junctions. ~|
2 2| 99| o 25 66| 53 20 53 24 p 90 6 5 43 7 |s 78 17 (0 74 o0 |7 |57 18 2 58 o0 1| 1 o 1 2
[y
* x| 9]0 o of 64 33 56 11 78 0 11 11 —3— 112 o 89 112 0o 89 o |o 563 11 o 67 0o o o 0o 0 (
Developmen [
67|Developmenbf microwave cthod‘e elements, | 45| 5 24 73 51 19 50 20 b 84 16 16 {1 A 0 p7 69 24 0 |49 o016 36* 16 4 47 0 o 0 2 2 1]
able to operate at 7A/&Tor a life-time of one| r "
ear 2| 41| 2 12| 85 53 17 61 22 85 5 7 12 2 J0o 78 10 |0 49 | 0 |15 |39 17 2 44 o o 5 0o 2 f
o
x| 1]100 o of 500 0 100 0 00 0 0 P o 0 fo1200 0o 0100 [0 [0 | 0200 0o/ 00200 o of o o o0 (
Developmen i
68|Developmenbf PHB (Photochemical Hole |\ 1,501 10 25 64 59 20 49 16 b 87 10 12 ba N 8 |o 71 38 4 65 | 1|10 4P7 25| 3 49 o 1 2 2 3 4
Burning) memory devices. m
2(124| 6 23 71| 58 26 55 18 L 91 6 10 %3 7 |4 81 30 |2 73 (o6 515 19 4 53 0o o 5 3 1 1
x| 7]100 o of 75 50 50 0 100 14 0 7o o 0o lo 71 57 124 200 |0 | o 7257 43| o 71/ 0o of o o o d
Developmer \ it
69| Developmenbf glemgpts (memory magngtl 1| 58| 14 36 50 58 27 52 20 p 8 9 10 {9 N 0o ho [72 28 |2 |64 | 0 |10  40®7 19 0o 38 o o o 2 3 9§
heads, etc.) which utilize colossal magnetic| \l 0
resistance effect (variance of‘{r more). 2| 471 11 30 60 53 15 66 19 p 8 6 9 13 2 9 77 11 2 62 0 [11 43 15/ 0 43 0o o 6 2 4 4
x| 5100 o of 70 40 60 0 80 20 D 0 o100 0 0 60 |0 [0 2040 40 o0 60 0 o 0 0 0 (
70|Developmenof photo-refractive material thak | 1, (| o 35 o) 55 220 57 10 b 84 8 12 43 N 3 7 63 32 |3 57 o0 |19|4”* 20 2 44 o o 1 2 4 {
can change its photo-refractive index by mdre
than 0.1 2| 89| 8 28 64 53 16 66 18 9 2 10 30 . 3 2 81 27 2 70 | 0|11 e 120 1 54 0 o 2 0o 1 4
—io—i—— 71
x| 7]100 o of 71 43 57 0 100 0 14 1 B 0o [o 100 14 14 100 |0 [0 |57 ol 057 0 of o o 0o 0
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(Note) See page 7 for the interpretation of the graphs.
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71 Peilombf |nte|l|genlt matenalswhlch 1|156| 10 20 61 61 32 50 15 B 81 17 36 p4a 7 8 [0 64 24 | 2 54 1|21t 24| 4 570 1 1 & 6 4 4
incorporate sensor functions, programming
functions and effector functions. 21123 9/ 29 62] 59 27 5 15 P 89 35 5 7 7 72 20 0 |61 0 [15 | 6296 20 3 61 1 2 7 3 3 !
x| 11100, o of 82 64 36 0 91 9 27 3 ——o— 9 [0 8 18 |0 82 |0 |9 (4597 18 9/ 55 0 o 9 0o 0 (
72(Elucidationof the information transmission | | 1,06| 5 13 g 63 31 59 9 | 52 56 10 /\ 2 |4 74 45 |5 42 1|20 643 22 16 471 0o o 1 7 15
structure of sensory nerves.
2| 89| 2 11/ 87 65 33 61 7 54 2 60 §9 1 |1 84 49 |1 42 1 |16 79%3 16| 11 s8 o 1 2 3 22 1
x| 2]100 o o|l100 100 o o 50 0 50 50 ~~2 o [o 100 50 0 5 0 |0 |50 ol 0/100 o o o 0o 5 (
73|Practical usef computer S,'m,“'a“"” . 1(139| 16/ 29 59 51 21 45 332 B 63 1 4 $0 /N 2 |8 76 30 |4 55 | 1|14 5038 24| 12 470 1 o 1 2 3 A
technology for growing thin films according {o j
the first principle computation. 2 (110 120 26 64 50 16 54 29 [ 69 2 %8 2 |4 8 27 o 60 1 [13]62 19 6 48 o0 1 2 0o 3 4
x| 13100, o o| 75 54 38 8 62 31 0 69 0 [0o100 62 |0 92 |0 [0 (7738 38 8 62 0 o 0o 0 8 (
74|Elucidationof the crystallization growth 1]129| 16 20/ 54 49 18 47 31 W 53 2 15 2 b1 76 35 |2 57 1 |13|5°% 32 4 48 2 1| 2 2 2 4
mechanism using femto-second technologyj
2|104| 13 26 64 48 14 50 34 p 49 0 $1 3 |6 86 26 |0 63 |1 |11 63% 27 2 s5 1 o 2 o 1 1
@ x| 13]100 o/ o| 73 54 31 15 62 B 0 9 o 0 8100 54 0 92 [0 o 7759 | 23] 8 69 0 of o o o d
8 -
s|™ Developmenbf techno!ogy for c'on'trollmg e 1 |o1s| 26 27 a8 65 38 50 12 [ 76 1 8 2 1 |4 76 41 |3 66 1| 9 5647 35| 4 54 0o of 2 2 2 4
g structures and properties of solid interfaces|at
© the atomic level. 2(168| 23 25 54 62 31 57 11 f 79 4 ¢6 0o |3 83 36 |1 74 1|8 |65 32 4 59 1 o 2 1 1 2
S —_— 53
© x| 38]100, o of 80 61 39 o 79 8 3 41 83— 0 lo 82 53 |3 89 0 |3 63 32 8 66 0 of 3 0o o 4
o
3|7 Developmenbf technology to analyze the | | 00| 3 59 ad 57 25 52 22 i 60 11 6 §7 0 |3 72 50 |2 57 1|12]48%® 35 8 s0 o0 o 1 2 3 4
S chemical species of solid surface atoms.
2 2(165| 22/ 25 52 55 19 62 17 J 65 3 12 0 [2 85 44 1 67 | 1|8 56 30 6 59 0 o 2 2 2 4
[y
* x| 37]1000 o of 69 43 46 11 68 5 0 45 5 o lo 89 54 0 70 |0 |3 5446 27/ 11/ 59 0o o 3 0 3 g
m DLEIC.)M bfate.chnique for manufacturing, |1,a| 11 29 sd 55 22 55 20 B 83 27 6 8 /§ 3 |7 75 33 |15 68 | 1| 7 490 27 2 49 o 2| 2 3 1 4
of p-n junctionsof diamond.
2(113| 12 27) 60| 53 15 67 17 [ 87 19 |4 %8 1 (4 86 25 |7 81 | 1|4 (5458 21 3 54 0 o 1 2 1 1
X | 14]1000 o of 73 50 43 7 79 29 0 43 7 fo100 43 |21 93 |0 |0 |727Y 14| 7 64 0o o 0o 0o 0o d
78[Develo lment)fahet_eroepitaxial techr_lology 1(161| 17 34/ 48 66 39 49 11 p 8 22 8 $5 / 6 |9 76 36 |6 75 1|9 (537 30 2 48 o0 2| 4 2 1 §
for growing any semiconductor material on
silicon substrate. 2(126| 17 29| 54 62 29 60 10 [ 94 11 |3 $3 2 |9 81 28 |1 83 | 1|6 63 24 2 51 0 o 6 0 0 2
x| 22]100/ o o 88 77 18 5 91 18 0 36 5 5 |5 82 23 0 95 |0 |0 6841 27| 5/ 5 o0 o 9 0o 0 (
79 DLEIOMN the technology to fabricate | | [,o;f 14 35 s 62 22 52 13 | 83 28 11 Ps 3 |o 3 27 |5 63 | 1|18 |40 25 2 46 1 1| 6 1 2 3
large-area (inch order) compound
semiconductor single crystal film on glass 2 (126 14/ 27| 59 58 22 6 10 P 90 1 10 1 2 6 71 21 1 73 2 |13 | 6052 18 3 54 0 0 6 0 1 .
substrates. X| 18[100 o| of 74 50 44 6 89 22 17 18 6 |0 78 22 (0 8 0 |6 56% 22/ 6 61 0 of 6 o o
go|Developmenbf heteroepitaxial technology fdry 1,1 15 35 o 59 25 53 16 § 83 22 8 7 2 |8 7 28 12 67 1 |11|50°° 81 1 43 o 1| 2 1 3 4
growing large-area (inch order) diamond thip
films on hetero-substrates. 2(122| 12 29| 59 55 17 71 12 p 92 14 |5 1 1 |3 81 20 |6 (76 | 2|8 |61 23 2 49 o0 o 3 0 2 3
x| 15]100/ o of 73 47 53 o 87 21 7 7 o lo 93 33 0 87 |0 |o 7373 27| 7/ 53 0o o 7 0o 0 (
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(Note) See page 7 for the interpretation of the graphs.
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(Note) See page 7 for the interpretation of the graphs.
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(Note) See page 7 for the interpretation of the graphs.
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(Note) See page 7 for the interpretation of the graphs.
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