
Mapping Nanotechnology Innovations and 

Knowledge:  Global and Longitudinal Patent 

and Literature Analysis 

Hsinchun Chen, Ph.D. 

Director, Artificial Intelligence Lab 

University of Arizona 

 

Acknowledgement:  

National Science Foundation (NSF) 



Mapping Nanotechnology 

Innovations and Knowledge 
 

Preliminary entry  

Roco, Mihail C., Chen, Hsinchun  

 

2007, Approx. 300 p., Hardcover 

ISBN: 978-0-387-71619-0 

Springer-Verlag 

 

Not yet published. Available: February 2008 

About this book: 

Å Reflects recent growth in nanoscale science and engineering  

Å Analyzes an industry expected to reach $1 trillion by 2015  

Å Includes analysis of Patent Office databases in the US, Europe 

and Japan  
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Invisible Colleges and Knowledge Mapping  

Å Invisible college, which consists of a small group of 
highly productive and networked scientists and 
scholars, is believed to be responsible for growth of 
scientific knowledge (Crane, 1972). 

 

ÅñKnowledge Mappingò or ñScience Mappingò 
techniques, based on content analysis, citation 
network analysis, and information visualization, has 
become an active area of research that helps reveal 
such an inter-connected, invisible college or network 
of scholars and their seminal publications and ideas 
(Chen, 2003). 
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Online Resources for Knowledge Mapping  

Å Abstracts & Indexes:  MEDLINE (medicine), TOXLINE (toxicology), 
BIOSIS (biology), COMPENDEX (engineering and technology), ERIC 
(education), etc.  

Å Commercial full-text journal articles and digital libraries: 
Thomson Scientific Web of Science, ACM Digital Library, The IEEE 
Computer Society Digital Library, etc. 

Å Free full-text articles and e-prints: Free Medical Journals, 
HighWire Press, arXiv.org service, etc. 

Å Citation indexing systems and services: Thomson Science 
Citation Index, Google Scholar, CiteSeer, etc. 

Å Electronic Theses and Dissertations (ETD): Networked Digital 
Library of Theses and Dissertations (NDLTD), etc. 

Å Patents: USPTO, EPO, JPO, etc. 

Å Business and industry articles and reports: Forrester, IDC, and 
Gartner, etc. 

Å Web sites, forums, blogs, social networking sites, etc. 
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 Units of Analysis and Representations  

ÅAuthors or inventors 

ÅPublications and publication outlets 

Å Institutions 

ÅCountries or regions 

ÅSubject and topic areas 

ÅTimeline 
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 Knowledge Mapping: Analysis Framework 

ÅText Mining 
ïNatural Language Processing: automatic indexing, information 

extraction 

ïContent Analysis: clustering algorithms, self-organizing map 
(SOM), multi-dimensional scaling (MDS), principal component 
analysis (PCA), co-word analysis, PathFinder network (PFNET) 

ÅNetwork Analysis 
ïSocial Network Analysis: subgroup detection, discovery of 

pattern of interaction, roles of individuals 

ïComplex Networks: network models, topological properties, 
evolving networks 

Å Information Visualization 
ï Information Representations: 1D, 2D 3D,  multi-dimensional, 

tree, network, temporal 

ïUser-interface Interaction: overview + detail, focus + context 
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 Co-authorship Network (Krempel)  
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 SOM-based Cancer Map (Chen et al.)  
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 ThemeView (PNL)  
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 Galaxy visualization (PNL) 
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 Nanotechnology Commercialization Timeline  
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 Worldwide Nanotechnology Market  
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Nanotechnology 

ÅNanotechnology 
ïA fundamental technology. 

ïCritical for a nationôs technological competence.  

ïRevolutionizes a wide range of application domains. 

 

Å In recent years, nanotechnology research 
experienced rapid growth:  
ï (Huang et al., 2003) used patent publications from the 

USPTO for the longitudinal analysis of this field.  

ïMany communities have an interest in assessing the R&D 
status of nanotechnology. 
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Assessing Nanotechnology Research Status 

ÅPatent analysis 
ïWe developed a framework (Huang et al., 2003) to 
systematically assess nanotechnologyôs research status 
using:  
ÅBibliometric analysis,  

ÅContent map analysis, and 

ÅCitation network analysis. 

 

ÅLiterature analysis 
ïBibliometric analysis is the major approach (Braun et al., 

1997); other methods are seldom used in this kind of study. 

ïThere is a lack of research which conduct longitudinal 
analysis of nanotechnology's research status in recent years 
using scientific literature.  



USPTO, EPO, and JPO  

Patent Analysis 

 

 

(Nature Nanotechnology, 2008, 

forthcoming) 
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Research Objectives 

ÅAssess the nanotechnology development 
status represented by USPTO, EPO, and 
JPO patents. 

ÅCompare and contrast the differences in the 
nanotechnology patents in the three 
repositories. 

Background and Research Objectives 



19 

P
a

te
n

t          p
a

rs
in

g
  

Research Design 

Data acquisition 

USPTO 

database 
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keywords 
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checking 
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Patent  

status 

We developed a framework to assess the R&D status of a a science and engineering 

domain based on the patents in the three repositories: USPTO, EPO, and JPO. 

Research Design 
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Data: USPTO Patents 

Å Comparing with "full-text" search 
and "title-claims" search, ñtitle-
abstractò search provides fewer 
search results but with higher 
accuracy. 

 

Å From ñtitle-abstractò search: 

ï 5,363 unique patents were 
collected. 

ï Submitted by 2,196 assignee 
institutions, 8,405 inventors, and 
46 countries. 

Dataset 

Full-text 

search

Title-

claims 

search

Title-

abstract 

search
atomic force microscope 2,309 375 241

atomic force microscopic 53 2 2

atomic force microscopy 1,679 103 68

atomic-force-microscope 6 0 0

atomic-force-microscopy 3 0 0

atomistic simulation 5 0 0

biomotor 6 1 0

molecular device 164 13 6

molecular electronics 284 3 3

molecular modeling 1,787 37 26

molecular motor 88 3 0

molecular sensor 31 7 0

molecular simulation 43 2 2

nano* 72,762 12,220 4,497

quantum computing 66 25 19

quantum dot* 609 185 117

quantum effect* 563 58 36

scanning tunneling microscope 1,097 205 145

scanning tunneling microscopic 21 1 0

scanning tunneling microscopy 809 50 28

scanning-tunneling-microscope 24 0 0

scanning-tunneling-microscopy 1 1 0

selfassembl* 23 4 2

self assembly 1,802 192 121

self assembled 1,682 297 170

self assembling 877 158 111

self-assembly 1,625 173 108

self-assembled 1,587 277 158

self-assembling 807 147 102

Total 90,813 14,539 5,962

Unique  Total 78,609 13,463 5,363

USPTO(1976-2004)
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Data: USPTO Patents (cont.) 
Å Top 20 nanotechnology patent assignees (with average patent age) 
and countries based on ñtitle-abstractò search of patents published 
from 1976 to 2004 

Dataset 

Rank Assignee Country
Number of

Patents

1 United States 3,450

2 Japan 517

3 Germany 204

4 France 156

5 Republic of Korea 131

6 Canada 104

7 China (Taiwan) 71

8 United Kingdom 60

9 Netherlands 54

10 Switzerland 41

11 Australia 34

12 Belgium 24

13 Israel 21

14 Italy 20

15 Ireland 20

16 Sweden 18

17 India 14

18 Spain 12

19 China 9

20 Singapore 8

Rank Assignee Institution Country
Number of

Patents

Average

Patent Age

1 IBM United States 171 6.65

2 The Regents of the University of California United States 123 4.30

3 The United States of America as represented by the Secretary of the Navy United States 82 5.15

4 Eastman Kodak Company United States 72 7.19

5 Minnesota Mining and Manufacturing Company United States 59 5.92

6 Massachusetts Institute of Technology United States 56 3.61

7 Xerox Corporation United States 55 4.71

8 Micron Technology, Inc. United States 53 2.09

9 Matsushita Electric Industrial Co. Ltd. Japan 45 6.89

10 L'Oreal France 44 4.45

11 Texas Instruments, Incorporated United States 41 5.44

12 Motorola, Inc. United States 38 4.11

13 Advanced Micro Devices, Inc. United States 35 2.17

14 General Electric Company Japan 31 4.42

15 Kabushiki Kaisha Toshiba United States 30 4.03

16 Allied Signal Inc. Japan 28 3.29

17 California Institute of Technology United States 27 2.52

18 Hewlett-Packard Development Company, L.P. United States 27 0.30

19 Hitachi, Ltd. Japan 27 6.96

20 Hyperion Catalysis International, Inc. Japan 25 3.44
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Data: EPO Patents (cont.) 
Å Top 20 nanotechnology patent assignees (with average patent age) 
and countries based on ñtitle-abstractò search of patents published 
from 1978 to 2004 

Dataset 

Rank Assignee Institution Country
Number of

Patents

Average

Patent Age
1 L'Oreal France 50 5.16

2 IBM United States 44 11.91

3 Rohm & Haas United States 41 3.41

4 Eastman Kodak Co United States 39 4.44

5 Samsung Electronics Co Ltd Republic of Korea 28 0.75

6 Japan Science & Tech Corp Japan 27 2.67

7 BASF AG Germany 25 6.56

8 Matsushita Electric Ind Co Ltd Japan 24 7.67

9 Allied Signal Inc United States 21 4.33

10 Lucent Technologies Inc United States 21 3.24

11 Japan Science & Tech Agency Japan 20 0.00

12 Bayer AG Germany 19 5.11

13 Univ California United States 19 4.89

14 Centre Nat Rech Scient France 18 4.44

15 Commissariat Energie Atomique France 18 3.06

16 Inst Neue Mat Gemein Gmbh Germany 18 5.72

17 Henkel Kgaa Germany 17 1.41

18 Hewlett Packard Co United States 17 2.94

19 Iljin Nanotech Co Ltd Republic of Korea 17 3.47

20 Samsung Sdi Co Ltd Republic of Korea 17 2.24

Rank Assignee Country
Number of

Patents
1 United States 925

2 Germany 343

3 Japan 323

4 France 201

5 Republic of Korea 98

6 Switzerland 77

7 United Kingdom 72

8 Netherlands 51

9 Belgium 42

10 Italy 34

11 Canada 26

12 Ireland 26

13 Spain 22

14 Israel 20

15 Sweden 18

16 Australia 14

17 Austria 13

18 China 9

19 Finland 7

20 India 7
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Data: JPO Patents (cont.) 

ÅTop 20 nanotechnology patent assignees based on ñtitle-

abstractò search of patents published from 1976 to 2004 

 

Dataset 

Rank Assignee Institution Country
Number of

Patents

Average

Patent Age
1 Nippon Electric Co Japan 103 7.17

2 Japan Science & Tech Corp Japan 48 2.29

3 Agency Ind Science Techn United States 43 6.21

4 Matsushita Electric Ind Co Ltd Japan 43 9.07

5 Tokyo Shibaura Electric Co Japan 31 5.61

6 Sony Corp Japan 30 8.10

7 Canon Kk Japan 28 8.75

8 Seiko Instr Inc Japan 26 8.35

9 Nat Inst for Materials Science United States 25 1.00

10 Nat Inst of Adv Ind & Technol Japan 24 1.25

11 Sharp Kk Japan 24 4.79

12 Japan Res Dev Corp Japan 22 9.00

13 Hitachi Ltd Japan 21 8.19

14 IBM United States 21 8.05

15 Jeol Ltd Japan 21 9.19

16 L'Oreal France 20 6.00

17 Nippon Telegraph & Telephone Japan 19 7.32

18 Hitachi Metals Ltd Japan 13 7.54

19 Fujitsu Ltd Japan 12 8.75

20 Daiken Kagaku Kogyo Kk Japan 11 3.36
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Data: USPTO, EPO, and JPO Patents 

Dataset 

Å The numbers of nanotechnology patents published in USPTO, EPO and JPO by year (log 

scale) 

 Nanotechnology Patents (1976-2004)

1

10

100

1000

1
9
7
6

1
9
7
7

1
9
7
8

1
9
7
9

1
9
8
0

1
9
8
1

1
9
8
2

1
9
8
3

1
9
8
4

1
9
8
5

1
9
8
6

1
9
8
7

1
9
8
8

1
9
8
9

1
9
9
0

1
9
9
1

1
9
9
2

1
9
9
3

1
9
9
4

1
9
9
5

1
9
9
6

1
9
9
7

1
9
9
8

1
9
9
9

2
0
0
0

2
0
0
1

2
0
0
2

2
0
0
3

2
0
0
4

Year

N
u
m

b
e
r 

o
f 
P

a
te

n
ts

USPTO

EPO

JPO

Year USPTO EPO JPO

1976 9 0 0

1977 18 0 0

1978 23 0 0

1979 11 0 1

1980 15 3 1

1981 25 3 0

1982 25 5 1

1983 24 6 1

1984 25 7 4

1985 33 7 1

1986 27 9 8

1987 46 10 0

1988 39 23 8

1989 65 24 6

1990 57 47 13

1991 85 35 29

1992 121 28 46

1993 123 42 45

1994 128 67 70

1995 160 73 65

1996 205 71 66

1997 238 93 51

1998 297 112 54

1999 367 125 78

2000 422 141 86

2001 524 235 78

2002 582 308 83

2003 739 364 78

2004 930 478 50

Nanotechnology Patents
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Basic Analysis- USPTO Patents by Country 

Å Top 20 nanotechnology patent assignee countries in USPTO (ñtitle-abstractò search) 
and their patents by year, 1976-2004 (log scale) 

Basic Bibliographic Analysis 

 
Top 20 Assignee Countries by Year
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Basic Analysis- EPO Patents by Country 

Å Top 20 nanotechnology patent assignee countries in EPO (ñtitle-abstractò search) 
and their patents by year, 1978-2004 (log scale) 

Basic Bibliographic Analysis 

 
Top 20 Assignee Countries by Year

1

10

100

1000

19
78

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

Year

N
um

be
r 

of
 P

at
en

ts

United States

Germany

Japan

France

Republic of Korea

Switzerland

United Kingdom

Netherlands

Belgium

Italy

Canada

Ireland

Spain

Israel

Sweden

Australia

Austria

China

Finland

India



27 

Basic Analysis- USPTO Patents by Country Group  

Å Assignee country group analysis by year, 1976-2004 (ñtitle-abstractò search) (log scale) 

Year

United 

States

European 

Group Japan Others

1976 6 1 0 1

1977 12 1 0 2

1978 15 1 1 2

1979 8 1 0 1

1980 10 1 0 0

1981 20 3 0 1

1982 16 4 0 0

1983 14 5 0 2

1984 18 4 0 0

1985 21 5 0 0

1986 17 2 2 1

1987 32 4 1 0

1988 27 4 3 2

1989 47 7 6 2

1990 36 5 9 3

1991 53 10 10 2

1992 77 9 16 6

1993 82 6 21 4

1994 76 11 31 4

1995 102 11 24 14

1996 135 17 25 14

1997 157 26 31 8

1998 196 40 30 19

1999 237 45 34 28

2000 262 59 38 35

2001 348 63 37 43

2002 358 83 43 71

2003 478 73 66 92
2004 590 83 89 120

Basic Bibliographic Analysis 

 
USPTO Country Groups (1976-2004)
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Basic Analysis- EPO Patents by Country Group 

Å Assignee country group analysis by year, 1978-2004 (ñtitle-abstractò search) (log scale) 

Basic Bibliographic Analysis 

Year

United

States

European

Group Japan Others

1978 0 0 0 0

1979 0 0 0 0

1980 2 1 0 1

1981 1 1 0 0

1982 2 3 0 0

1983 4 2 0 0

1984 4 1 1 1

1985 6 1 0 0

1986 6 2 1 0

1987 6 4 0 0

1988 12 8 1 1

1989 4 12 4 1

1990 18 13 14 3

1991 16 8 9 2

1992 8 9 10 1

1993 15 14 12 1

1994 30 29 7 2

1995 28 27 14 5

1996 28 22 16 6

1997 40 45 7 3

1998 37 46 16 13

1999 49 39 28 10

2000 52 56 14 19

2001 95 85 20 36

2002 122 118 35 37

2003 150 123 46 54
2004 190 154 68 75

 
EPO Country Groups (1978-2004)
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Content Map Analysis (USPTO) 

ÅUSPTO Content Map (1976-1989) (ñtitle-abstractò search) 

Content Map Analysis 
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Content Map Analysis (USPTO) 

ÅUSPTO Content Map (1990-1999) (ñtitle-abstractò 

search) 

ÅUSPTO Content Map (2000-2004) (ñtitle-abstractò 

search) 

Content Map Analysis 

   4.18    5.39    6.03    6.51    6.93    7.33     7.75      8.23       8.86      9.32      10.07      NEW  

                                                                                                                                     REGION 
   -0.80    0.41   1.05    1.53    1.95   2.35     2.77      3.25      3.88      4.34      5.09     NEW  

                                                                                                                                    REGION 



31 

Findings ïContent Map (USPTO) 

Å From 1976 to 1989, the major research topics of USPTO 
nanotechnology patents included: ñcarbon atoms,ò ñoptical fibers,ò and 
ñthin films.ò  

 

Å From 1990 to 1999, several new research topics appeared from 1990 
to 1999, including: ñaqueous solutions,ò ñcomposite materials,ò ñlaser 
beams,ò ñnucleic acids,ò ñoptical waveguide,ò ñorganic colvents,ò 
ñreverse osmosis,ò ñself-assembled monolayer,ò ñsemiconductor 
substrate,ò ñsilicon carbide,ò and ñsubstrate surfaces.ò 

 

Å From 2000 to 2004, the numbers of patents related to several topics 
had increased significantly, such as ñaqueous solutions,ò ñcomposite 
materials,ò ñcarbon nanotubes,ò ñnucleic acids,ò ñself-assembled 
monolayer,ò and ñthin films.ò Some new topics also became major 
research topics in this time period, such as ñatomic force microscope,ò 
ñclay materials,ò ñdielectric layers,ò ñnanocomposite materials,ò 
ñnaphtha stream,ò ñpolymeric materials,ò and ñsemiconductor devices.ò  

Content Map Analysis 
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Citation Network Analysis- USPTO Countries 

 

Citation Network Analysis 


