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EXECUTIVE SUMMARY 
 
Nanoscience and Nanotechnology (referred to in this report as “Nanotechnology”) are the 
preparation, characterization, manipulation, and control of single or small groups of 
atoms or molecules to construct new materials (on the billionth of a meter scale) with 
unique novel properties, which could be used for new applications, and/or for reducing 
the costs of existing applications.  It thus could prompt valuable new innovation in broad 
areas of electronics, energy, medicine, defense, etc. 
 
Israeli research institutions have at their disposal some of the capabilities enabling initial 
work in the Nanotechnology arena.  Yet in the coming years, Nanotechnology will require 
a strong infrastructure to promote the essential formation of a very strong industry to meet 
the special security and economic needs of the state.   
 
Israel is a small country with limited financial resources and impressive human capital.  
While subjected to severe defense constraints, the country is successfully building its 
research system, technology infrastructure and modern industry. Due to the unique 
situation of Israel, it is imperative–for the future economic development and stability of 
the nation–to ensure close, intensive and effective collaboration among academic 
institutions, industry, and government. 
 
Professor Jacob Ziv, the President of the Israel Academy of Sciences and Humanities and 
the chair of the TELEM Forum, has established a Committee, whose mission was to 
develop a long-term plan to build the R&D infrastructure necessary for making 
Nanotechnology the next wave of successful industry in Israel.  The charge of the 
Committee was: 
1. Survey nanotechnology scientific and technology potential and existing activities (in 

Israel and abroad) in light of technological, industrial, and military development 
2. Map and identify infrastructure required for R&D in Israel within the universities, 

industry, and national labs, and check the possibilities for local and international 
cooperation 

3. Recommend potential actions for TELEM Forum in Nanotechnology 
 
The Committee members were: Dr. Dan Maydan (Chair) of Applied Materials, Inc., Prof. 
Gad Bahir of the Technion,  Prof. Uri Banin of the Hebrew University, Prof. Ori 
Cheshnovsky of Tel-Aviv University, Prof. Joshua Jortner of Tel-Aviv University, Mr. 
Dan Vilenski (Secretary) of Applied Materials, Dr. Meir Weinstein of the Ministry of 
Defense, and Dr. Giora Yaron of Exanet, Inc.  The Committee was supported by two staff 
members from Applied Materials: Mr. Kalman Kaufman and Mr. Iddo Hadar.  Valuable 
support to the work of the Committee was provided by other staff of Applied Materials. 
 
The Committee has surveyed Nanotechnology work in Israel and abroad, developed and 
analyzed various alternatives for setting priorities and allocating resources, and has 
finalized its recommendations in this report. 
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The Committee recommends launching immediately a collaborative 
government/academia/ industry initiative to allow Israel to effectively reach critical mass 
and global leadership in Nanotechnology.  The Committee also recommends the 
establishment of the Israel Nanotechnology Program to make Nanotechnology the next 
wave of successful industry in  
Israel by creating an engine for global leadership. 
 
We recommend that investments in Nanotechnology research resources and capabilities 
in Israel be made with an eye towards their opportunity for technology development and 
their possible commercial viability.  This is similar to the approach used in the past to 
develop capabilities critical for national defense, but is unprecedented within Israel's 
civilian infrastructure.  However, we believe that this approach is warranted due to the 
unique characteristics and current situation of Nanotechnology: 
 
1. Israel stands the risk of being left behind: Nanotechnology–on a global basis–has 
already moved beyond the early stages of scientific research.  The interest in applications 
is strong and accelerating:  for example, the bulk of the U.S. Department of Defense's 
spending on Nanotechnology has shifted in 2001 from research to applications.  
Similarly, companies in multiple industries are beginning to recognize the real-world 
opportunities of this emerging technology.  
 
2. Focus is critical for Israel's effective use of resources: The scope of Nanotechnology is 
very broad and cross-disciplinary; This requires focus on selected directions and 
applications, instead of spreading resources across multiple areas. Concurrently, support 
of broader research areas by other National and Binational agencies may be implemented.  
This challenge of Nanotechnology was acknowledged by a recent U.K. report on 
Nanotechnology, which emphasized the importance of focusing on a few applications, 
which play to the country's strengths, instead of spreading resources across multiple areas. 
 
3. Israel needs a national policy of resource allocation in Nanotechnology: In civilian 
applications of Nanotechnology, Israel lacks an obvious strong "user" capable of driving 
the priorities in research and development towards viable applications.  The allocation of 
resources should thus explicitly aim to properly channel them to appropriate 
opportunities, as Israel does not yet have a working "market mechanism" for 
prioritization. 
 
Such increased focus on ultimate technology applications should result in the 
optimization of the use of resources, faster realization of market viability, more 
pronounced impact on the Israeli economy, and ultimately the development of local 
industry, which should be able to support further research work on a self-sustained basis; 
Nanotechnology can thus become an engine of national strength, academic excellence, 
and economic growth for Israel. 
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We recommend launching a five-year Israel Nanotechnology Program aimed at realizing 
ten-fold increase in the Israeli Nanotechnology capability.  The activities of this program 
should be organized to support scientific research and technology development, as 
summarized in Table 1:  
 
 Research Technology Development 
Target Result Know-how and tools 

required for technology 
development 

Opportunities ready for 
transfer to product 

innovation and 
commercialization, VCs, 

etc. 
Effort led by…. Universities, research 

institutions, and national 
labs 

Industry 

In collaboration with… Industry Universities 
5-year Investment 

Infrastructure $100M + $25M 
Prototyping Capability $100M 

Projects $15M + $75M 
Source of Funds Private Donors + Telem 

(incl. Ministries of Defense, 
Industry) + matching funds, 
international collaboration 

(e.g., BSF, GIF) 

Telem, Ministry of Defense, 
Ministry of Industry 

(Magnet, OCS), other 
public (to be negotiated), 

industry, global, 
international collaboration 
(e.g., BIRD, EU programs) 

Success Metrics (2007) • 40 graduates annually 
• High quality, 

interdisciplinary 
publications 

• 100 patents 

• 100 patents 
• $40 industry funding 
• 5 start-ups with $150M in 

VC funding and 750 
employees 

 
A National Nanotechnology Board should be set up to allocate funds, monitor 
performance, and guide implementation of this Program through 2007. 
 
This Committee believes that Nanotechnology can and should become a core driver of 
academic and economic progress in Israel.  Realizing this vision would entail new roles 
for academy and industry, a clear organization, increased funding, tight collaboration, and 
a serious approach to oversight and implementation.   
 
Such requirements are difficult for any nation, at any time–let along for Israel at this 
moment in history.  However, we strongly believe that commitment to this vision and its 
implementation should allow Israel to reap significant rewards for years and decades to 
come. 
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THE OPPORTUNITY 

•  Nanoscience and Nanotechnology1 represent a potential major disruption to a 

host of science, engineering, technology, medicine, energy and defense fields. 

•  This provides Israel with 

– a near-term opportunity to focus research;  

– a long-term opportunity to gain economic and national benefits and foster 

growth. 

 

 

MISSION 

To make Nanotechnology the next wave of successful industry in Israel by creating an 

engine for global leadership.  

 

 

PROBLEM   STATEMENT 

•  Scope of Nanotechnology is very broad – making it currently difficult to 

focus. 

•  Israel’s resources pale in comparison to global efforts. 

•  Distribution of diverse efforts across institutions and subjects prevents Israel 

from reaching critical mass. 

•  Israel lacks a natural “leading user,” especially in civilian applications. 

•  Accordingly, we need to focus activities in science, technology, and industry 

in order to leverage Israel’s capabilities for benefits in areas of highest 

national priority. 

 

 

OVERALL   STRATEGY 

Launch immediately a collaborative government/academia/industry initiative to allow 

Israel to efficiently reach critical mass in Nanotechnology. 

 

                                                           
1 Generally in this report the term “Nanotechnology” will be used to also include “nanoscience,” that 
is, the scientific know-how and tools providing the enabling foundation for Nanotechnology 
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KEY   FINDINGS 

•  Nanotechnology holds great promise for a broad range of new potential 

applications: 

– Nanotechnology is the preparation, characterization, manipulation, and 

control of single or small groups of atoms or molecules to construct new 

materials (on the billionth of a meter scale) with unique novel properties, 

which could be used for new applications, and/or for reducing the costs of 

existing applications; 

– It thus could prompt valuable new innovation in broad areas of electronics, 

energy, medicine, defense, etc.; 

– Nanotechnology worldwide is in the early stage of innovation, with new 

and   original applications yet to be discovered. 

– Nanotechnology leverages the existing infrastructure of microelectronics, 

chemistry, and molecular biology, and has thus been able to move rapidly 

into its current stage:  on the threshold of the “Technology Development” 

phase (see Attachment 3);  

– Significant public funding at U.S. institutions is already focused on 

applications  (see Attachment 4) 

•  In Israel, Nanotechnology research is spread in the universities, initiated by 

the researchers (over 120 at this time).  The quality of research in Israel is 

high, as reflected in over 100 patents and numerous publications2.  The 

universities recognized the importance of the field and are active in setting 

centers to provide research infrastructure.  However, the Israeli effort in 

Nanotechnology is largely distributed across institutions and subjects, 

increasing the demands for investment (see Attachment 5).   

•  Global funding for Nanotechnology exceeds $ 2 billion annually, with basic 

research done primarily in U.S., Europe, and Japan, and applications pursued 

in most countries (see Attachment 4). 

– The level of spending required for research is significant 

                                                           
2 A recent analysis of international science and technology indicators for Nanotechnology during 1997-
1999 conducted by the Institute of Physics Publishing (see Attachment 16), places Israel as number 2 in 
publications and as number 3 in patents ranking (per 1M inhabitants) among the 15 most "effective" 
countries in Nanotechnology. 
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� In the U.S, a typical researcher requires $ 600K to set up and $ 

200K per annum in operating budget 

� NASA funds 50 researchers at $220K annually + 4 Centers of 

Excellence at $3M/year per program 

– U.S. alone is spending close to $ 1B annually, with 70% from public 

funds;  public funding in Japan and Europe is comparable. 

– The U.S. program is broad in its scope (see Attachment 6).  

– Venture capital funding for Nanotechnology reached about $80 million in 

2001, and will likely grow to between $200 M and $300 M in 2002. 

•  Like other small countries, Israel cannot afford the depth and breadth of the 

U.S. initiative. 

– Capital spending:  About $ 80 million already spent on buildings, salaries 

and equipment; additional $ 100 million required to bridge major gaps in 

basic instrumentation. 

– Significant spending – required to “productize” initial research – has not 

been considered so far. 

– Israel (with a total of over 120 key researchers in Nanotechnology) is at 

the scale of a single leading US center (e.g., UCLA or UC Santa Barbara–

see Attachment 9) 

– Israel is still one of the few developed countries lacking a national policy 

in Nanotechnology.  Telem’s initiative in appointing the National 

Nanotechnology Committee is intended to establish such a policy. 

•  Possible sources of funding: 

– Private donors have been approached with an application to support 

Nanotechnology infrastructure equipment in the universities. 

– The Ministry of Defense is willing to fund research and technology 

development for targeted applications (e.g., in armors, explosives, 

bio/chem sensors, etc.) but not infrastructure (see Attachment 10) 

–  No local industry seems to exist which could finance the innovation at an 

earlier stage. 

•  Collaboration is of the essence for Israel’s success in Nanotechnology: 

– The nature of Nanotechnology dictates a multi-disciplinary approach:  

problem-, not discipline-oriented. 
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– Shortage of human capital requires cross-institution collaboration. 

– Limitations of financial resources to maximize collaboration among 

academia, industry, and government, as well as international partnering. 

 

 

POLICY 

Policy Key Principles 

 In order to create a critical mass, utilize its human capital and optimize 

resources, Israel has to establish a world-class infrastructure, provide a focus on 

innovation, maximize collaboration, and build from strength: 

•  Application focus:  We need to seek unique Science & Technology ideas, yet 

all work should target (a broad class of) applications; focus should be 

appropriate to define direction, without prescription. 

•  National Strategy:  We should leverage existing capabilities to drive disruption 

(lower costs or advanced new applications) in unique areas which are not 

necessarily “mainstream” (since those could attract global efforts which might 

overwhelm Israel’s capabilities). 

•  National interest:  Israel should build strength in areas of importance for its 

special security and economic needs and/or areas offering unique industrial 

and academic potential.  This requires the definition of areas of priority 

problems and priority fields of research (see Recommendations section). 

•  Market “Pull”:  The users of the applications, e.g., the Chief Scientist of MOI 

(for civilian applications) and the Ministry of Defense (for military 

applications) and key industrial partners, should be providing the necessary 

“pull” (in funds, cooperation, and guidance) to focus and accelerate Israel’s 

development activities. 

•  Collaboration:  The special nature of Nanotechnology field calls for 

collaboration across disciplines, within institutions, across institutions, and 

with industry and global partners. 
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Measures of Success  

To increase Israeli Nanotechnology capability by an order of magnitude within five 

years by tripling the resources (staff, equipment, funds) AND increasing the focus (on 

priority fields of research and application) 

• Academic excellence:  Significant gains in the level of excellence of 

Nanotechnology-related academic publications, measured by content (merit), 

impact (citations), and effectiveness (interdisciplinary work, and/or cross-

institution collaboration). 

•  Growing capability: Two-fold increase in the number of qualified graduates, 

reaching 40 (annually) by 2007. 

•  Tangible results:  at least 200 new patents by 2007, consisting of 100 in 

Research areas and 100 in Technology Development. 

•  Active engagement with technology users:  Industry funding of 

Nanotechnology research to reach at least $5M by 2005 and $20M by 2007. 

• Economic impact:  About 5 local Nanotechnology-related start-ups with $30M 

each in venture capital funding by 2007; at least 750 employees engaged in 

Nanotechnology-related business. 

 

 

RECOMMENDATIONS: 

THE 2003-2007 ISRAEL NANOTECHNOLOGY PROGRAM (INP) 

 

1. Need for New Roles for Academic and Industrial Research 

– Expanded role for university:  adopt academic culture to create 

environment of basic research together with start-ups contributing to 

national priorities. 

– Influence industrial decision-makers (e.g., Chief Scientist) to incentivize 

start-ups, with an eye toward built-to-last enterprises (see Attachment 11) 

– Common representation (single point of national and international contact) 

of Israeli Nanotechnology scientific and technological resources. 

 



 12

2. General Structure and Function of the 2003-2007 Israel Nanotechnology 

Program 

 During a 5-year period the Program will operate via University–National 

Laboratories–Industry collaboration based on the existing institutions.  Two 

channels of activity are recommended (see Attachments 1 and 3): 

(a) Research centered in the universities, with academy–industry 

collaboration. 

(b) Technology development centered in industry (and start-up companies) 

with industry–academy collaboration. 

 

3. Areas of National Priority 

  3(a). Priority Fields of Research 

– Nano-materials 

– Nano-bio 

– Nano-electronics and Nano-optoelectronics 

  3(b). Priority Technology Development (Problems) Areas  

For civilian applications 

– Electronics 

– Energy 

– Environment / water desalination 

– Nano-bio 

For defense applications 

Ministry of Defense will fund necessary application work in addition to the 

above, leveraging civilian-driven research. 

 

4. Budget 

•  The projected scope of the Israel Nanotechnology Program should be 

comparable to that of a major US center. The allocation of a five-year budget 

of over $300 Million would be necessary to bring Israel’s Nanotechnology 

development to a stage of readiness to transfer to (civilian) industry:  three 

years away from product availability.  This will require: 

(a) Investment of $115M for Nanotechnology research ($100M in 

infrastructure and $15M in projects) 
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(b) Investment of $100M for Nanotechnology technology development ($25M 

in infrastructure and $75M in projects) 

(c) Investment of over $100M in a common prototyping facility 

(recommendation 8) containing significant new capital (subject to Board 

approval within a year3) 

• The INP is targeted to increase the cumulative Nanotechnology infrastructure 

investment more than three-fold over five years, from $80M today to over 

$200M (without a prototyping facility) or over $300M (with a prototyping 

facility). 

• A significant amount of the infrastructure investment would be necessary 

within the first three years of this Program (in order to enable necessary 

research and development); project work grants would be tied to emergence of 

attractive opportunities and availability of industrial partners. 

• A preliminary outline of the financial resources (see Attachment 12) 

– The projected $100M budget for most of the research investment consists 

of (not yet approved). 

Contribution from the private donors (equipment)  $ 25M 

       University matching (salaries, building, equipment, donations) $ 50M 

National resources (Telem)      $ 25M 

Total for research $ 100M 

– The sources of additional budget of $215M have to be identified (inside 

Israel as well as globally); they could include Telem, Ministry of Defense, 

Ministry of Industry (Magnet, OCS), other public (to be negotiated), 

private donors, Israeli and global industry, and international collaboration 

(e.g., BSF, GIF, BIRD, EU programs) [see Attachment 13].  However, 

there is no need to await the availability of all funds:  existing funds should 

already be used effectively, in a focused way, consistent with the 

recommendations of this report. 

 

                                                           
3 Note:  The establishment and operation of such facility, subject to approval of the National 
Nanotechnology Board (recommendation 11), should be separately conducted by Telem.  
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A.  Nanotechnology Research Investment Recommendations 

 

5. Research Investment Requirements 

 In view of the current nature and development of the Nanotechnology field, a 

diversified approach with proper coordination should be preferred for 

investing in research in Israel. 

– The research investment will involve Nanotechnology enabling equipment, 

large Nanotechnology equipment, and research projects. 

– The infrastructure equipment will be centered in the universities, and 

nationally accessible to Universities, National Laboratories, and industry. 

– The research projects will involve the Universities, National Laboratories, 

and industry. 

 

6. Funding of Research 

 Three different funding mechanisms are proposed: 

•  Nanotechnology Research Infrastructure Equipment:  Funding for 

establishing nationwide accessibility and availability of infrastructure for 

Nanotechnology.  Consisting of the majority of funds (~ 80%) and divided 

into two sub-categories: 

– Nanotechnology Enabling Equipment (~ 50% - 60% of available 

funds):  Equipment with price up to about $ 1 million that is essential for 

realizing the focused goals on a university level. 

– National Nanotechnology Large Equipment (~ 20%  - 30% of 

available funds):  “Large scale” equipment with price in the range of $1to 

$3 million to serve as a national facility for Nanotechnology. 

•  Nanotechnology Research Projects (~ 20% of available funds):  

Interdisciplinary 4-year research programs providing $300,000 – $500,000 per 

project per year (about $100,000 per year per each participating group) to 

promote the specific goals, aimed at achieving technological potential. 
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7.   Criteria for Funding of Research 

•  Nanotechnology Infrastructure Equipment 

 A nationwide call will be solicited for the establishment of necessary 

equipment in the different universities in a three-year program plus two additional 

years for extension and adjustments.  Each University will submit a detailed proposal 

describing the needed equipment and its use in research programs aimed at achieving 

the INP’s goals.  Funding for the different tracks will be administered by a National 

Nanotechnology Board (see below) according to the following criteria (see 

Attachment 14):  

 Nanotechnology Enabling Equipment: 

– Relevance to national priorities  

– Scientific and technological innovation 

– Track record of participating investigators as measured by publications, 

impact, and patents 

– Suitability of researchers 

– Commitment of institution as indicated by matching funds, manpower, 

service of equipment and suitability of existing infrastructure 

 

National Nanotechnology Large Equipment:  One piece of equipment of 

each type to be acquired nationally: 

– Relevance to national priorities  

– Scientific and technological innovation 

– Track record of participating investigators as measured by publications, 

impact, and patents 

– Suitability of researchers 

– Commitment and detailed mechanism for serving as a National Facility, 

including matching funds, operating budget, manpower, service of 

equipment, uniform users fee for suitable users in Israel 

 

•  Nanotechnology Research Projects 

A nationwide call will be solicited for 4-year research projects.  Criteria for funding: 

– Applicability to national priorities  

– Scientific and technological innovation and potential 
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– Existing capabilities available to the institution (minimum of $1 million in 

matching funds for annual operating budget for the relevant application) 

– “Team excellence:” Track record of participating investigators as 

measured by publications, impact, , and patents 

– Suitability of researchers 

– Interdisciplinary nature: Quality of intra-university, inter-university, and/or 

university–industry collaboration 

– Impact: potential contribution relative to funds required 

 

B.  Nanotechnology Technology Development Investment Recommendations 

 

8. Technology Development Investment Requirements 

 Nanotechnology Technology Development (time horizon of 3-7 years) should 

be supported through four mechanisms: 

•   Funding development infrastructure and projects (see below), closely tied to 

national priorities and industry emphasis. 

•   Creating “market pull”: 

– For civilian use, Israel lacks a strong “market pull”;  to close this gap, a 

Nanotechnology Collaborative  Center (NCC), a “virtual” joint center of 

academia and industry for high-priority applications, will be launched:  

� Single point of contact for promoting and accessing resources 

nationwide (supporting representation and alignment through ision 

and coordination). 

� 2003 Objective:  Pilot one application as a joint industry-academia 

collaboration (topic selected per the availability of an industrial 

partner). 

� NCC will receive an annual budget determined by the National 

Nanotechnology Board from 2004 through 2006; budget 

commitment beyond 2006 will continue only so long as the Center 

is able to raise at least the same amount in matching funds from 

industry. 



 17

� NCC director will be appointed by the National Nanotechnology 

Board for two-year appointments, per the recommendation of a 

Search Committee. 

– For military applications, institutions will receive funding from the 

Ministry of Defense per mission requirements. 

• Building a capability for prototyping and pilot production as means of 

accelerating development and facilitating transfer to commercialization.  

Following the launch of national activities and within no less than 12 months, 

the Committee should be reconvened to evaluate a common facility containing 

significant new capital, focused on target exploratory work. 

•  Building a capability for Product Innovation by funding start-ups, while 

providing incentives to strong business enterprises with global infrastructure 

and execution capability; this should result in an industry “built to last” (see 

Attachment 11).  In the later years of the INP, areas of Israeli comparative 

advantage within Nanotechnology will likely emerge, allowing technology 

development and product innovation to further focus. 

 

9.   Funding of Development 

• Technology Development will require investment of at least $100 million; 

roughly 25% of this amount will be required to upgrade infrastructure in order 

to meet requirements of specific applications; 75% of funds will focus on 

specific project work.  It is expected that significant portions of this 

investment will come from industrial partners in Israel and abroad, as well as 

from collaboration with international research programs.  

• Nanotechnology Prototyping Center: 

- Support for exploratory work through pre-production capabilities via 

services for technology development and commercialization 

- Examples: fabrication center, prototype medium-volume materials 

processing, etc. 

- Center to be used by all potential industry and academic users within and 

outside Israel 
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- Investment exceeding $100 million over five years (additional to the 

research infrastructure investments) should be considered for launch 

within a year; sources include government, foreign partners, and industry 

- Center is expected to become self-funding within five years 

- Center should be established within an existing institution in order to 

minimize capital investment 

 

10.   Criteria for Funding of Development 

• Development funds will be allocated in a way seeking to create and maintain a 

level of global excellence in the targeted applications. Distribution of funds 

will be based upon: 

- Potential application (importance to national priorities) 

- Potential contribution relative to funds required (=impact) 

- Track record of university 

- Track record of applicant 

- Level of collaboration 

- Existing capabilities available to the institution (minimum of $1 million in 

matching funds for annual operating budget for the relevant application)   

> Institutions can collaborate on projects in order to reach the necessary 

scale 

> Starting 2005, funding will be available only for institutions that 

establish strong formal collaboration with a global partner in the relevant 

application 

• As a specific incentive for commercializing scientific know-how, the National 

Nanotechnology Board will establish a special grant which will be provided 

once a year to Israeli researchers, based on the number and quality of 

Nanotechnology-related patents issued to these researchers. 

 

GOVERNANCE 

11. National Nanotechnology Board 

Telem will appoint a National Nanotechnology Board.  The Board’s charter 

will be 
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– To recommend policy, research and technology development investments, 

program goals, and management processes 

– To oversee the selection of the projects per agreed national priorities, 

allocate budgets and review progress on approved projects so as to make 

Nanotechnology the next wave of successful industry in Israel by creating 

an engine for global leadership 

Specific activities of the Board will be 

– Implement and adjust policy 

– Allocate funding:  Select projects of high quality which serve national 

priorities 

– Oversee performance (including publications and patents) 

•  Chairman and Board will be appointed by Telem and will operate until 2007 

•  Board’s size will be seven members: 

– Three members from the academia 

– Three members from the industry 

– One member from Telem 

•  Frequency of meetings: once a quarter 

•  Minimum membership quorum: five 
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The Nanotechnology Committee 

 
 
The TELEM Forum combines the primary public bodies supporting Research and 
Development in Israel.  The Forum has decided on February 19, 2002 to establish a 
professional multi-disciplinary committee for the studying national infrastructure required 
for Nanotechnology R&D. 
 
TELEM assigned the committee the following roles:  

1. Survey nanotechnology scientific and technology potential and existing activities 
(in Israel and abroad) in light of technological, industrial, and military 
development 

2. Map and identify infrastructure required for R&D in Israel within the universities, 
industry, and national labs, and check the possibilities for local and international 
cooperation 

3. Recommend potential actions for TELEM Forum in this area 
 
The committee members were: 
 
Dr. Dan Maydan (Chair) 
Prof. Gad Bahir 
Prof. Uri Banin 
Dr. Meir Weinstein 
Mr. Dan Vilenski (Secretary) 
Prof. Joshua Jortner 
Dr. Giora Yaron 
Prof. Ori Cheshnovsky 
 
The committee was also supported by two staff members: 
 
Mr. Kalman Kaufman 
Mr. Iddo Hadar 
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U.S. Nanotechnology Investment  (links only) 
 
(Due to the size of these attachments, the URL link to each document can be found below) 
 
 
 
 
1.  The original NNI Plan: 
 http://itri.loyola.edu/nano/IWGN.Implementation.Plan/nni.implementation.plan.pdf 
 
 
2.  The conclusions of the report evaluating U.S. Nano efforts that highlighted the need for 
more collaboration and integration of dispersed efforts, as well as the need to provide 
more long-term, basic research investment: 
 
http://books.nap.edu/books/0309084547/html/index.html 
 
 
3.  Comments about the U.S. nanotechnology efforts: 
 
http://www.devicelink.com/mddi/archive/02/07/014.html 
 
 
4.  NANO R&D: IS U.S. GOVERNMENT APPROACH TO FUNDING ALL WRONG? 
 
http://www.semi.org/web/wmagazine.nsf/e1ea2a68535718d9882567cf005f1d96/a283b9d9
97074e0c88256be3007c9e4a!OpenDocument 
 

http://itri.loyola.edu/nano/IWGN.Implementation.Plan/nni.implementation.plan.pdf
http://books.nap.edu/books/0309084547/html/index.html
http://www.devicelink.com/mddi/archive/02/07/014.html
http://www.semi.org/web/wmagazine.nsf/e1ea2a68535718d9882567cf005f1d96/a283b9d997074e0c88256be3007c9e4a!OpenDocument
http://www.semi.org/web/wmagazine.nsf/e1ea2a68535718d9882567cf005f1d96/a283b9d997074e0c88256be3007c9e4a!OpenDocument
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U.K. Nanotechnology Priorities (links only) 
 
(Due to the size of this attachment, the URL link to the document can be found below) 
 
 
 
 
1.  New Dimension for Manufacturing: A UK Strategy for Nanotechnology: 
 
http://www.dti.gov.uk/innovation/nanotechnologyreport.pdf 

http://www.dti.gov.uk/innovation/nanotechnologyreport.pdf
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Nanoelectronics and Nanomaterials (ICTAF) 
 
 
 
 

Due to the size of this attachment, a CD is available on request. 
 



N
an

ot
ec

hn
ol

og
y 

Ve
r 1

.3
, 0

8/
09

/2
00

2

60



N
an

ot
ec

hn
ol

og
y 

Ve
r 1

.3
, 0

8/
09

/2
00

2

C
al

ifo
rn

ia
 N

an
ot

ec
hn

ol
og

y 
In

st
itu

te
 O

ve
rv

ie
w

 

0
%

1
0
%

2
0
%

3
0
%

4
0
%

5
0
%

6
0
%

7
0
%

8
0
%

9
0
%

1
0
0
%

S
o

u
rc

e
 o

f
F
u

n
d

s
5

 Y
e

a
r 

B
u

d
g

e
t

P
ro

je
c

t
.

B
u

il
d

in
g

/L
a

b
s

In
du

st
ry

$3
1M

Fe
de

ra
l

G
ov

.
$1

50
m

C
A

St
at

e
$1

00
M

U
C

SB
Eq

ui
pm

en
t

$4
7M

U
C

LA
B

ui
ld

in
g

$1
00

M

O
th

er
Ar

ea
30

,0
00

O
th

er
Ar

ea
33

,0
00

La
bs

11
6,

00
0

27
0,

00
0

Sq
 ft

To
ta

l
O

pe
ra

tin
g

$1
00

M
C

M
O

S
20

,0
00

La
bs

60
,0

00

C
le

an
 R

oo
m

 1
1,

00
0U
C

SB

U
C

LA

U
C

LA
Eq

ui
pm

en
t

$5
0M

U
C

SB
B

ui
ld

in
g

$5
3M

U
ni

ve
rs

ity
 

Fu
nd

in
g

$6
9M

To
ta

l P
ro

je
ct

ed
 F

iv
e 

Ye
ar

 B
ud

ge
t a

t $
35

0M

$5
.7

M
 O

th
er

 F
un

de
d 

Pr
oj

ec
ts

$2
.5

M
 M

at
er

ia
ls

 S
ci

en
ce

$2
.7

M
 B

io
m

et
ric

s 
Tr

ai
ni

ng
$2

.7
M

 N
et

w
or

k 
Te

le
co

m
m

$3
.2

M
 G

en
e 

C
an

ce
r 

$4
.5

M
 N

an
os

tr
uc

tu
re

s
$5

.0
M

 S
pi

n 
co

he
re

nt
 p

ho
to

ns
$6

.0
M

 M
ol

ec
ul

ar
 p

ro
be

s
$9

.2
M

 In
 v

iv
o 

ca
nc

er
 im

ag
in

g
$1

2.
0M

 F
au

lt 
to

le
ra

nt
 c

om
pu

tin
g

$1
4.

0M
 In

te
gr

at
ed

 p
ho

to
ni

cs
$4

0.
0M

 N
AS

A 
N

an
o

re
se

ar
ch

B
ui

ld
in

gs
$1

53
M

O
th

er
$8

2M

61



N
an

ot
ec

hn
ol

og
y 

Ve
r 1

.3
, 0

8/
09

/2
00

2

N
an

ot
ec

h 
So

ld
ie

r C
en

te
r a

t M
IT

 O
ve

rv
ie

w
 

0%10
%

20
%

30
%

40
%

50
%

60
%

70
%

80
%

90
%

10
0%

So
ur

ce
 o

f F
un

ds
5 

Ye
ar

 B
ud

ge
t

M
IT

$2
0M

In
du

st
ry

$4
0M

D
ep

t.
O

f A
rm

y
$5

0M

O
pe

ra
tin

g
$5

0M

Eq
ui

pm
en

t
$4

0M

B
ui

ld
in

g
$2

0M

�
SE

VE
N

 M
AJ

O
R

 P
R

O
G

R
AM

S
–

En
er

gy
 a

bs
or

bi
ng

 m
at

er
ia

ls
–

Ac
tiv

e 
m

at
er

ia
ls

–
Th

re
at

 d
et

ec
tio

n 
&

 s
ig

na
tu

re
–

So
ld

ie
r m

ed
ic

al
 fu

nc
tio

ns
–

M
od

el
in

g 
&

 s
im

ul
at

io
n

–
Sy

st
em

s 
in

te
gr

at
io

n
–

M
an

uf
ac

tu
rin

g 
an

d 
m

at
er

ia
ls

 p
ro

ce
ss

in
g

�
N

IN
E 

M
AJ

O
R

 D
IS

C
IP

LI
N

ES
–

M
ec

ha
ni

ca
l E

ng
in

ee
rin

g 
   

   
 A

er
o 

an
d 

As
tr

on
au

tic
s

–
El

ec
tr

ic
al

 E
ng

in
ee

rin
g 

   
   

   
 M

ic
ro

 S
ys

te
m

s
–

C
he

m
ic

al
 E

ng
in

ee
rin

g 
   

   
   

 N
uc

le
ar

 E
ng

in
ee

rin
g

–
M

at
er

ia
ls

 S
ci

en
ce

   
   

   
   

   
   

 C
om

pu
te

r S
ci

en
ce

–
B

io
te

ch
no

lo
gy

 E
ng

in
ee

rin
g

�
21

 L
ab

or
at

or
ie

s 
as

 p
ot

en
tia

l p
ar

tic
ip

an
ts

–
Ar

tif
ic

ia
l m

us
cl

e 
   

   
   

   
   

   
-H

um
an

oi
d 

ro
bo

tic
s

–
Ar

tif
ic

ia
l i

nt
el

lig
en

ce
   

   
   

  -
H

um
an

 m
ac

hi
ne

 h
ap

tic
s

–
B

io
po

ly
m

er
s 

   
   

   
   

   
   

   
  -

Le
g 

ro
bo

tic
s 

la
b

–
B

io
te

ch
no

lo
gy

   
   

   
   

   
   

   
-S

pa
ce

 n
an

ot
ec

hn
ol

og
y

–
B

io
m

ed
ic

al
 

-M
an

 v
eh

ic
le

 la
b

–
M

at
er

ia
ls

 a
nd

 s
tr

uc
tu

re
s 

 
-M

at
er

ia
ls

 p
ro

ce
ss

in
g

–
M

at
er

ia
ls

 s
ci

en
ce

   
   

   
   

   
 -

M
ic

ro
ph

ot
on

ic
s

–
C

he
m

ic
al

 E
PI

   
   

   
   

   
   

   
  -

M
ob

ile
 ro

bo
tic

s
–

C
om

pu
ta

tio
na

l s
tr

uc
tu

re
s 

 -
N

an
om

ec
ha

ni
ca

ll
ab

–
C

on
tr

ol
 s

ys
te

m
s 

   
   

   
   

   
  -

N
an

os
tr

uc
tu

re
 la

b
–

El
ec

tr
on

 m
ic

ro
pr

ob
e 

�
Ar

m
y 

–
M

IT
 5

 y
ea

r c
on

tr
ac

t s
ig

ne
d 

in
  M

ar
ch

 2
00

2
�

Ad
di

tio
na

l $
20

M
 in

 te
ch

no
lo

gy
 a

cc
el

er
at

io
n 

(6
.2

) f
un

ds
�

35
 M

IT
 P

ro
fe

ss
or

s,
 2

0 
po

st
 d

oc
to

ra
l a

ss
oc

ia
te

s 
an

d 
80

 
gr

ad
ua

te
 s

tu
de

nt
s 

to
 s

up
po

rt
 th

e 
pr

og
ra

m
. T

ot
al

 1
50

.
�

Es
tim

at
e 

of
 $

20
M

 fo
r b

ui
ld

in
g/

w
in

g 
to

 s
up

po
rt

 p
ro

je
ct

 a
s 

m
en

tio
ne

d 
in

 b
id

 d
oc

um
en

ts
..c

ou
ld

 a
ls

o 
be

 le
as

ed
.

�
Ad

di
tio

na
l i

nd
us

tr
y 

fu
nd

in
g 

ex
pe

ct
ed

�
C

en
te

r w
ill

 b
e 

at
 5

00
 T

ec
h 

Sq
ua

re
, t

ot
al

 a
re

a 
no

t y
et

 a
llo

ca
te

d
�

N
ew

 D
ire

ct
or

 in
 p

ro
ce

ss
 o

f b
ei

ng
 h

ire
d

$1
10

M

62



N
an

ot
ec

hn
ol

og
y 

Ve
r 1

.3
, 0

8/
09

/2
00

2

R
ic

e 
U

ni
ve

rs
ity

 N
an

ot
ec

hn
ol

og
y 

O
ve

rv
ie

w

0%10
%

20
%

30
%

40
%

50
%

60
%

70
%

80
%

90
%

10
0%

S
ou

rc
e 

of
 F

un
ds

5 
Ye

ar
 B

ud
ge

t
P

ro
je

ct
s

.
La

b 
S

pa
ce

R
ic

e
U

ni
ve

rs
ity

$4
4.

3M

Fe
de

ra
l

Fu
nd

s
$1

1.
65

MTo
ta

l P
ro

je
ct

ed
 F

iv
e 

Ye
ar

 B
ud

ge
t a

t $
58

.5
M

B
ui

ld
in

g
$3

5M

Eq
ui

pm
en

t
$9

.3
5M

In
te

l$
2.

55
M

R
&

D
$6

.3
5M

Su
pe

rC
om

pu
te

r
$3

.7
M

O
ut

re
ac

h 
$2

.5
M

Ad
m

in
 $

1.
6M

B
ui

ld
in

g
$3

5M

Su
pe

r C
om

pu
te

r
$3

.7
M

O
th

er
$4

.0
M

C
N

ST &
C

B
EN

$1
5.

8M

88
,0

00
Sq

 ft
C

NS
T

H
ou

si
ng

 T
w

o 
M

ai
n 

G
ro

up
s

1.
 N

an
of

ab
ric

at
io

n 
Fa

ci
lit

y
2.

 M
at

er
ia

ls
  R

es
ea

rc
h

C
B

EN
H

ou
si

ng
 T

hr
ee

 M
ai

n 
G

ro
up

s
1.

 W
et

 N
an

ot
ec

hn
ol

og
y

2.
 N

an
o 

B
io

lo
gy

3.
 N

an
o-

En
vi

ro
nm

en
ta

l

R
ic

e 
Q

ua
nt

um
 In

st
itu

te
45

 re
se

ar
ch

er
s 

7 
de

pa
rt

m
en

ts
C

ar
bo

n 
na

no
tu

be
s,

 
m

ol
ec

ul
ar

ac
al

e
el

ec
tr

on
ic

de
vi

ce
s,

 u
ltr

a-
co

ld
 a

to
m

s.

D
r. 

R
. S

m
al

le
y 

G
ro

up
(N

ob
el

 P
riz

e 
C

he
m

is
tr

y)
Si

ng
le

 c
ry

st
al

 n
an

ot
ub

es
N

an
ot

ub
e 

fib
er

s
M

ol
ec

ul
ar

 s
ci

en
ce

Fu
lle

re
ne

 n
an

os
tr

uc
tu

re
s

N
an

ot
ub

e 
m

at
er

ia
ls

 &
 

ap
pl

ic
at

io
ns

N
an

ot
ub

es
 a

t w
et

/d
ry

 in
te

rf
ac

e
C

om
pu

te
r T

ec
hn

ol
og

y 
In

st
itu

te
1 

te
tr

af
lo

p 
su

pe
rc

om
pu

te
r

La
b

Sp
ac

e
30

,0
00

Sq
 ft

O
th

er
B

ui
ld

in
g

Sp
ac

e
58

,0
00

Sq
 ft

63



N
AN

O
TE

C
H

N
O

LO
G

Y 
M

EE
TI

N
G

 –
D

r M
ei

r W
ei

ns
te

in

N
an

ot
ec

hn
ol

og
y 

fo
r t

he
 D

ef
en

se
 S

ys
te

m
•B

ud
ge

ts
 a

nd
 in

ge
nu

ity
 a

re
 b

ei
ng

 in
ve

st
ed

 m
ai

nl
y 

in
 s

ys
te

m
 

de
ve

lo
pm

en
t, 

to
 a

ns
w

er
 s

pe
ci

fic
 (u

ni
qu

e)
 o

pe
ra

tio
na

l n
ee

ds
.

•L
ow

er
 p

rio
rit

y 
to

 th
e 

de
ve

lo
pm

en
t o

f t
ec

hn
ol

og
ic

al
 b

ui
ld

in
g 

bl
oc

ks
. 

•G
re

at
 d

iff
ic

ul
tie

s 
to

 o
bt

ai
n 

ce
rt

ai
n 

st
at

e 
of

 a
rt

 (S
O

A
) 

te
ch

no
lo

gi
es

.

•R
es

ul
ts

: -
us

e 
of

 te
ch

no
lo

gi
es

 a
fte

r t
he

y 
be

co
m

e 
av

ai
la

bl
e 

co
m

m
er

ci
al

ly
   

•-
m

an
y 

SO
A

 s
ys

te
m

s 
in

cl
ud

e 
ol

de
r t

ec
hn

ol
og

ie
s.

•T
od

ay
, m

or
e 

th
an

 e
ve

r, 
th

e 
co

nt
ro

l o
f S

O
A

 te
ch

no
lo

gi
es

 is
 

cr
iti

ca
l f

or
 th

e 
de

ve
lo

pm
en

t o
f S

O
A

 s
ys

te
m

s.

64



N
AN

O
TE

C
H

N
O

LO
G

Y 
M

EE
TI

N
G

 –
D

r M
ei

r W
ei

ns
te

in

D
ef

en
se

 N
an

ot
ec

hn
ol

og
y

U
se

 o
f R

&
D

 “
ce

nt
ra

l”
B

ud
ge

t -
Po

lic
y

•Id
en

tif
y 

us
ef

ul
 te

ch
no

lo
gi

ca
l b

ui
ld

in
g 

bl
oc

ks
, b

uy
 o

r m
ak

e 
(d

on
’t 

be
 a

 p
io

ne
er

, b
e 

a 
so

ph
is

tic
at

ed
 fo

llo
w

er
).

•Id
en

tif
y 

cr
iti

ca
l t

ec
hn

ol
og

ie
s 

–
in

ve
st

m
en

t i
n 

te
ch

-b
as

e.

•N
o 

su
pp

or
t o

f b
as

ic
 s

ci
en

ce
.

•E
xp

lo
ra

to
ry

 d
ev

el
op

m
en

t.

•G
ui

da
nc

e 
of

 R
&

D
 in

ve
st

m
en

ts
 o

f t
he

 d
ef

en
se

 in
du

st
ry

.

65



N
AN

O
TE

C
H

N
O

LO
G

Y 
M

EE
TI

N
G

 –
D

r M
ei

r W
ei

ns
te

in

D
ef

en
se

 N
an

ot
ec

hn
ol

og
y

O
pp

or
tu

ni
tie

s 
&

 R
eq

ui
re

m
en

ts
 

•S
ho

rt
 &

 lo
ng

 ra
ng

e 
R

&
D

 a
ct

iv
ity

 in
 ty

pi
ca

l d
ef

en
se

 
te

ch
no

lo
gi

es
.

•D
ev

el
op

m
en

t o
f t

ec
hn

ol
og

ie
s 

th
at

 a
re

 e
xp

ec
te

d 
to

 le
ad

 to
 

de
vi

ce
/p

ro
du

ct
 in

 re
la

tiv
el

y 
sh

or
t t

im
e 

(e
.g

. 5
 y

ea
rs

)

•E
xa

m
pl

es
:

-
N

an
om

at
er

ia
ls

(c
er

am
ic

s,
 m

et
al

s,
 o

rg
an

ic
s,

 c
om

po
si

te
s)

 
fo

r a
rm

or
, s

tr
uc

tu
re

s,
 e

le
ct

ro
ni

cs
, p

ro
du

ct
io

n 
m

et
ho

ds
.

-
N

an
o-

en
er

ge
tic

 m
at

er
ia

ls
 fo

r e
xp

lo
si

ve
s,

 p
ro

pe
lla

nt
s.

-
B

io
 a

nd
 o

th
er

 s
en

so
rs

 fo
r d

et
ec

tio
n 

of
 c

he
m

ic
al

 o
r 

bi
ol

og
ic

al
 a

ge
nt

s.

66



N
AN

O
TE

C
H

N
O

LO
G

Y 
M

EE
TI

N
G

 –
D

r M
ei

r W
ei

ns
te

in

Su
m

m
ar

y 
of

 F
ed

er
al

 N
an

ot
ec

hn
ol

og
y 

In
ve

st
m

en
t 

($
U

S 
m

ill
io

ns
)

51
8.

9
42

2
27

0
To

ta
l

17
4

15
0

97
N

at
io

na
l S

ci
en

ce
 F

ou
nd

at
io

n

17
.5

10
8

N
at

io
na

l I
ns

tit
ut

e 
of

 S
ta

nd
ar

ds

45
39

32
N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

46
20

5
N

AS
A

5
0

0
En

vi
ro

nm
en

t P
ro

te
ct

io
n 

Ag
en

cy

1.
4

0
0

D
ep

t. 
of

 J
us

tic
e

97
93

58
D

ep
t. 

of
 E

ne
rg

y

13
3

11
0

70
D

ep
t. 

of
 D

ef
en

se

20
02

20
01

20
00

D
ep

ar
tm

en
t/A

ge
nc

y

So
ur

ce
: N

at
io

na
l S

ci
en

ce
 F

ou
nd

at
io

n 
ht

tp
://

w
w

w
.n

an
o.

go
v/

20
02

bu
dg

et
.h

tm

67



N
AN

O
TE

C
H

N
O

LO
G

Y 
M

EE
TI

N
G

 –
D

r M
ei

r W
ei

ns
te

in

N
SF

 In
ve

st
m

en
ts

$1
73

.7
1 

M
$1

49
.6

8 
M

To
ta

l, 
N

an
os

ca
le

 S
ci

en
ce

 &
 E

ng
in

ee
rin

g
88

.0
8

83
.0

8
M

at
he

m
at

ic
s 

& 
Ph

ys
ic

al
 S

ci
en

ce

6.
80

6.
80

G
eo

sc
ie

nc
es

70
.3

0
55

.2
7

En
gi

ne
er

in
g

6.
20

2.
20

C
om

pu
te

r &
 In

fo
rm

at
io

n 
Sc

ie
nc

e 
& 

En
gi

ne
er

in
g

2.
33

2.
33

Bi
ol

og
ic

al
 S

ci
en

ce
s

FY
 2

00
2 

R
eq

ue
st

FY
 2

00
1 

C
ur

re
nt

 P
la

n
D

ire
ct

or
at

e

68



N
AN

O
TE

C
H

N
O

LO
G

Y 
M

EE
TI

N
G

 –
D

r M
ei

r W
ei

ns
te

in

D
O

D
 B

ud
ge

t r
eq

ue
st

 fo
r n

an
ot

ec
h

13
3

To
ta

l

10 13 10

U
ni

ve
rs

ity
 –

D
O

D
 c

ol
la

bo
ra

tiv
e 

re
se

ar
ch

:
AF N

AV
Y

AR
M

Y

30
O

SD
 (O

ffi
ce

 o
f S

tra
te

gi
c 

D
ef

en
se

)

70
Te

ch
 b

as
e 

(A
F,

 N
AV

Y,
 A

rm
y)

M
 $

20
02

So
ur

ce
: N

at
io

na
l S

ci
en

ce
 F

ou
nd

at
io

n 
ht

tp
://

w
w

w
.n

an
o.

go
v/

20
02

bu
dg

et
.h

tm
#1

69



N
AN

O
TE

C
H

N
O

LO
G

Y 
M

EE
TI

N
G

 –
D

r M
ei

r W
ei

ns
te

in

M
IT

R
E 

C
or

po
ra

tio
n

Ar
ch

ite
ct

ur
al

 D
es

ig
n,

 A
na

ly
si

s,
 a

nd
 P

ro
to

ty
pi

ng
 fo

r N
ex

t-G
en

er
at

io
n 

M
ol

ec
ul

ar
 E

le
ct

ro
ni

c 
Sy

st
em

s

U
ni

ve
rs

ity
 o

f 
C

ol
or

ad
o

A 
M

ol
ec

ul
ar

 a
nd

-o
r G

at
e 

Pa
ir

Th
e 

Pe
nn

sy
lv

an
ia

 
St

at
e 

U
ni

ve
rs

ity
In

or
ga

ni
c 

Se
lf-

As
se

m
bl

y 
R

ou
te

s 
to

 T
hr

ee
-D

im
en

si
on

al
 M

em
or

ie
s 

H
ar

va
rd

 U
ni

ve
rs

ity
C

ar
bo

n
N

an
ot

ub
e

M
ol

ec
ul

ar
 E

le
ct

ro
ni

cs

H
ew

le
tt 

Pa
ck

ar
d 

an
d 

U
C

LA
C

he
m

ic
al

ly
-A

ss
em

bl
ed

, D
ef

ec
t-T

ol
er

an
t A

rc
hi

te
ct

ur
es

 fo
r C

om
pu

tin
g 

an
d 

m
em

or
y 

Ap
pl

ic
at

io
ns

 

Va
nd

er
bi

lt 
U

ni
ve

rs
ity

Th
eo

ry
 a

nd
 S

im
ul

at
io

n 
of

M
ol

et
ro

ni
c

D
ev

ic
es

 a
nd

 S
ys

te
m

s

R
ic

e 
U

ni
ve

rs
ity

M
ol

ew
ar

e
an

d 
th

e 
M

ol
ec

ul
ar

 C
om

pu
te

r

U
ni

ve
rs

ity
 o

f 
C

al
ifo

rn
ia

, R
iv

er
si

de
M

ul
tip

or
ph

yr
in

M
ol

ec
ul

ar
 M

em
or

ie
s 

R
iv

er
si

de

U
ni

ve
rs

ity
 o

f N
ot

re
 

D
am

e
M

ol
ec

ul
ar

 E
le

ct
ro

ni
cs

 B
as

ed
 o

n 
Q

ua
nt

um
-D

ot
 C

el
lu

la
r A

ut
om

at
a

Ti
tle

O
rg

an
iz

at
io

n

D
A

R
PA

 M
ol

ec
ul

ar
 E

le
ct

ro
ni

cs
 (M

ol
ec

tr
on

ic
s)

 R
es

ea
rc

h 
Pr

oj
ec

ts
 

70



 71

“BUILD TO LAST” INDUSTRIES 
 
Over the past decade, there has been growing interest in applying the principles of 
successful business management to the establishment of strong industries1.  At the same 
time, there has been an expanding body of research and analysis on the key practices 
which allow businesses to thrive and succeed through successive business cycles and 
technological generations2.  These, combined with some practical experience, allow to 
draw some observations on the requirements for building strong, sustainable high-tech 
industries (or “build to last,” to borrow Collins and Porras’s term). 
 
Specifically, there seem to be four “paradoxical” requirements: 

1. Innovation and Commercialization:  pursuit of innovative research and 
technology only to the extent that they can be rapidly commercialized into viable, 
profitable products and services with sufficient market opportunity; conversely, 
willingness to “cannibalize” existing commercial positions with next-generation 
innovations. 

2. Focused Vision and Pragmatic Flexibility: sharp clarity on how new 
technologies could provide high-value solutions to customers and continuous 
commitment to delivering such value; at the same time, willingness to “roll with 
the punches” and modify implementation approaches as required to quickly 
realize desired results. 

3. Start-ups and Strong Business Enterprises: valuing individual entrepreneurship 
and allowing innovators the opportunity to challenge established companies, while 
at the same time encouraging the development of solid business organizations 
with the operational capabilities and global infrastructure required for success.  

4. Global Collaboration and Local Excellence: access to resources on a global 
basis is critical in order to leverage unique capabilities in technology, costs, 
materials, etc.; however, there needs to be strong local excellence which allows to 
build viable business enterprises; only such organizations can build the necessary 
base of employment required for a self-sustaining industry. 

 
Consistently meeting these requirements could allow local industry to thrive and 
ultimately reach the critical scale necessary for global leadership.  At that stage, there is 
sufficient local strength throughout the “food chain”–including manufacturers, suppliers, 
service providers, third-party partners, users, academic researchers, employees (at 
different skills levels), investors, physical infrastructure, etc.–that the industry is self-
sustaining.  In other words, it is capable of withstanding multiple macroeconomic, 
political, and technological shifts–or “built to last.” 

                                                      
1 One of the most prominent pieces in this area is: Michael E. Porter, The Competitive Advantage of Nations 
(New York: The Free Press, 1990) 
   
2 See James C. Collins and Jerry I. Porras, Built to Last: Successful Habits of Visionary Companies  (New 
York: HarperCollins, 1994), as well as Clayton M. Christensen, The Innovator's Dilemma: When New 
Technologies Cause Great Firms to Fail (Boston: Harvard Business School Press, 1997)        
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Abstract
Nanotechnology is supposed to become one of the key enabling
technologies of the 21st century. Its economic potential is forecast to be a
market of several hundred billion Euros in the next decade. Therefore,
nanotechnology has attracted the interest of many industry sectors and many
companies redirecting internal activities to prepare themselves for this new
challenge. At the same time governmental R&D decision makers all over
the world are setting up new nanotechnology-specific research programmes
aiming at putting their respective countries in a favourable position for the
future. The aim of this paper is to use scientific and technological indicators
to make predictions on economic development and to compare the situation
in different countries.

1. Introduction

In the last two decades, nanoscience has made big progress.
We have witnessed many important scientific discoveries
and technological breakthroughs. Exemplary breakthroughs
are the invention of the scanning tunnelling microscope in
1982 [1] or the discovery of fullerenes in 1985 [2]. A
few nanotechnology-based products are already commercially
available. However, does actual scientific knowledge justify
the world-wide enthusiasm? How likely is it that the world-
wide market size will be more than $1 trillion annually in
10–15 years from now [3]?

To evaluate the potential of mature technologies is not
easy. For an emerging technology, such as nanotechnology,
this task is even more difficult. A forecast, however, can be
attempted using a set of indicators that in the past have proven
to give good results to predict the potential of other emerging
technological fields. The two most obvious indicators are
the number of scientific articles and the number of patents.
The former is usually a good indicator for scientific activity,
the latter for the ability to transform scientific results into
applications. Figure 1 shows the evolution of publications
and patents in nanotechnology from the beginning of the
1980s up to 1998. The data on the world-wide number of
publications in nanotechnology have been extracted from the

* The views expressed in this article are those of the authors and do not
necessarily reflect the official European Commission view on the subject.

Science Citation Index (SCI) database. The nanopatents are
those filed at the European Patent Office (EPO) in Munich.
The EPO patents cover the rights for a large number of
countries and are therefore usually more expensive than
national patents. In view of the large coverage and the higher
cost, it appears reasonable to assume that the inventors are
confident that they may exploit the patent commercially. The
list of nanoscience- and nanotechnology-related keywords for
extracting the publication and patent data, as well as the
methodology, is reported elsewhere [4].

Between 1980 and 1985, the number of publications is
rather modest, but slightly increasing year by year. From
1986 onwards, an acceleration of the number of publications
is visible. This jump can be attributed to the fact that the
scanning tunnelling microscope was invented some years
before [1], and started to penetrate as an efficient research
tool in academic and industrial research laboratories, favouring
research at the nanoscale. The publication rate continues to
increase, and additional acceleration peaks can be attributed
on one hand to the availability of atomic force microscopes
(invented in 1986 [5]) broadening the range of applicability
with respect to STM to non-conductive structures, and on
the other hand to significant breakthroughs, such as the
discovery of the buckyball molecule C60 in 1985 [2] or carbon
nanotubes in 1991 [6]. For the period between 1989 and
1998, the increase in the number of publications is impressive,
jumping from 1000 publications to more than 12 000 in 1998.
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Figure 1. Publications and patents in nanotechnology from 1981 to 1998 world-wide. The number of publications comprises all
nanotechnology-related articles published world-wide and covered by the SCI database. The data have been extracted searching the
nanotechnology keyword list given in [8]. A similar keyword list, which can be found in the same reference, has been used for retrieving the
nanotechnology patent field at the EPO. Note the different scales for the two curves. Sources: SCI, EPO Database (EPAT) and own
calculations.

The average annual growth rate is 27% and the yearly increase
fluctuates from 10 up to 80% per year. Previous data from
the US patenting office [7] show a similar evolution to the
European data.

The number of filed patents is an appropriate indicator
to estimate the capacity of the laboratories to transfer their
research results into industrial applications. Figure 1 shows
the development of the numbers of patents in nanotechnology
at the EPO for the same period as the scientific publications. As
generally expected, the number of patents follows the pattern
of the scientific publications with a certain time delay. Over
the whole 1981–98 period, the curve shows a clear increase
in the number of patents, from 28 up to 180, with an average
growth rate in the 1990s amounting to 7%. This patent curve
shows larger fluctuations with respect to the publication data.
This is due to the effect that statistical fluctuations have more
impact when applied to a smaller number of data. In addition,
industrially relevant technological breakthroughs in a specific
year have a more significant weight.

The evolution of the scientific and technological activity
on nanotechnology can be compared with previous enabling
technologies. In a first approach a lineal technological
development model can be employed. For such a model, which
is stylized in figure 2, Grupp [8] has defined eight phases,
in which he describes the evolution from basic research to
the massive penetration of products. Phase I defines when
exploratory scientific work begins. Science continues to make
further progress while technology starts to emerge (phase II).
In phase III the scientific basics are mostly understood and
the first technological prototypes appear. Difficulties at the
transformation into commercial applications appear (phase IV)
and progress in science and technology seems to stagnate
(phase V). Following a reorientation in industrial research new
opportunities emerge (phase VI) and commercial applications
appear, which mobilize extensive industrial research activities
(phase VII). Finally, all markets are penetrated and the volume
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   I            II              III            IV             V             VI          VII        VIII 

Science 
Technology

Production
(of innovations) 

Figure 2. Stylized technological development. For an enabling
technology, the evolution of scientific activity (publications),
technological activity (patenting) and commercialization is sketched
as a function of time [8]. Following a theoretical model, the actual
situation of nanotechnology would be roughly in development
phase II and III.

of research diminishes with respect to the production of
innovative products (phase VIII). Such a model, based upon
publications and patents as indicators, gives good results
when used to explain today’s mature technologies such as
biotechnology or microsystem technology [9].

Comparing both the patent and publication nanotechnol-
ogy data (figure 1) with the model (figure 2), the field of nan-
otechnology as a whole appears to be currently at the end of
phase II or early phase III. Assuming that the model describes
the data correctly, the peak of scientific activity in nanosciences
is still to come, possibly in three to five years from now,
and large-scale exploitation of nanotechnological results might
arise ten years from now. In a first approximation, the curve
for nanotechnology (understood as the ensemble of all tech-
nologies operating at the nanoscale regime) can be seen as the
convolution of a number of nanotechnologies for different pur-
poses, whose timely evolution might change significantly. For
example, nanoscale electronic devices are supposed to be a
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Table 1. Publications and patent share for the 15 most active countries. The data are given as a fraction (percentage) of the world-wide
production. The period for publications in nanotechnology comprises the years between 1997 and 1999. In the case of patents registered at
the EPO and PCT, the period covers the years from 1991 to 1999. This enlarged period is chosen as the absolute numbers of patents per year
are small and may be distorted in the case of shorter time periods. Sources: SCI, EPAT, PCT database (PCTPAT) and own calculations.

Publications (1997–99) (%) Patents EPO&PCT (1991–99) (%)

1 23.7 USA 42.0 USA
2 12.5 Japan 15.3 Germany
3 10.7 Germany 12.6 Japan
4 6.3 China 9.1 France
5 6.3 France 4.7 UK
6 5.4 UK 3.7 Switzerland
7 4.6 Russia 2.0 Canada
8 2.6 Italy 1.7 Belgium
9 2.3 Switzerland 1.7 Netherlands

10 2.1 Spain 1.7 Italy
11 1.8 Canada 1.4 Australia
12 1.8 South Korea 1.1 Israel
13 1.6 Netherlands 1.1 Russia
14 1.4 India 0.9 Sweden
15 1.4 Sweden 0.5 Spain

huge market but may reach the market place only 12–15 years
from now. At the other extreme, TiO2 nanoparticles used as
UV-B ray absorbers in sun-cream lotions or nano-sized car-
bon particles (carbon black) employed to increase the wear
resistance of tyres are already on the market.

Currently, slightly more than one-quarter of all patents
filed are focused on the instrumentation [7]. This supports
the view that nanotechnology is at the beginning of the
development phase of an enabling technology where the
first focus is to develop suitable tools for nanostructuring
of surfaces, the production of nanomaterials, the analysis of
nano-objects etc. By industrial sectors, the most important
ones are information technologies (IT), and pharmaceutics and
chemicals. For the first sector, massive storage devices, flat
panel displays or electronic paper are prominent IT patenting
areas. In addition to this, extended CMOS approaches and
alternative nanoscale information processing, transmission
or storage devices are also dominant, the reason being the
continuous shrinking process of CMOS technology, which—
following the semiconductor industry associations and other
forecasts [10, 11]—will soon reach the nanometre regime
(forecast 22 nm gate length for processors in the year 2011).
Being well aware of the apparent problem for the future, the
semiconductor industries have already started to investigate
solutions towards extending CMOS into the nanoscale as well
as novel devices operating at the nanoscale.

In the case of chemistry and pharmaceutics, a large
number of patents are directed towards finding new
approaches for drug delivery, medical diagnostics, cancer
treatments etc, which are supposed to become huge
future markets. Nanotechnology patenting for other sectors,
such as aerospace, construction industries, food processing,
automotive, oil refining, environmental monitoring etc shows
yearly increasing values, but their absolute numbers are smaller
with respect to the areas discussed above (instrumentation, IT,
and pharmaceutics and medicine).

2. The world-wide actors

Most countries have activities in nanoscale science and tech-
nology. The 15 most active countries in terms of publications

and patents are given in table 1. The publications, recorded
for the period 1997–99, are divided by the country of their
authors’ affiliations. The data for the patents cover a larger pe-
riod, namely from 1991 to 1999, and include the EPO patents as
well as those of the Patent Cooperation Treaty (PCT). The PCT
patents are filed at the World Intellectual Property Organiza-
tion (WIPO) in Geneva and can afterwards be transferred to any
national patent office in the world or to the EPO. Double-counts
between PCT and EPO patents are eliminated. The additional
analysis of the international PCT patents reduces distortions
due to the bias of the number of EPO patents towards Europe.
In addition, the higher number of analysed patents improves
the statistical reliability to compare countries.

The most active country in nanoscale research is the
United States, with roughly one-quarter of all publications,
followed by Japan, Germany, China, France, the United
Kingdom and Russia. These first seven countries alone
account for nearly 70% of the world’s scientific papers on
nanotechnology. All EU member states and most EU candidate
countries (except Luxembourg where there is no university)
are among the top 50 (not shown here). The shares for China
and Russia are outstanding in comparison with their general
presence in the SCI database and show the relatively strong
significance of nanoscience in their research systems. The
same table shows the number of patents at the EPO by country.
A comparison of the most active countries in publications with
those of patents shows that most of the first 15 countries are
in common. However, the spread between the countries is
significantly larger. Note that the first country (US) publishes
16.9 times as much as the fifteenth (Sweden), but files 84 times
more patents (US with respect to Spain).

The absolute values of publications and patents, however,
are not the most appropriate way to measure the effectiveness of
the countries. For this purpose, the data need to be normalized.
There are many possible methods for such a ‘normalization’,
for example by the gross national product, GNP per capita, the
country’s investment in research etc. Unfortunately, none of
them is without complications. For example a normalization
by the country’s research investment is difficult as usually
only the governmental spending is publicly available.
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Table 2. Publications and patent ranking normalized by size of country for the 15 most effective countries. The period for publications in
nanotechnology comprises of the years between 1997 and 1999. In the case of patents registered at the EPO and PCT, the period from 1991
to 1999 is taken, due to the fact that the absolute numbers of patents per year are small and may be distorted. The population data are taken
from the Population Reference Bureau (PRB) data for mid-2001. Sources: SCI, EPAT, PCTPAT, PRB and own calculations.

Normalized publications (1997–99) Normalized patents EPO&PCT (1991–99)
per million inhabitants per million inhabitants

1 150.2 Switzerland 12.2 Switzerland
2 91.4 Israel 4.4 Germany
3 73.5 Sweden 3.9 Israel
4 61.5 Germany 3.8 Belgium
5 56.9 Denmark 3.6 France
6 56.8 Singapore 3.5 USA
7 52.6 Austria 2.4 Netherlands
8 50.0 France 2.4 Sweden
9 48.3 Finland 2.3 Japan

10 47.7 Netherlands 1.8 UK
11 46.4 Japan 1.5 Canada
12 43.6 Belgium 1.3 Australia
13 42.7 UK 1.0 Austria
14 39.2 USA 0.5 Italy
15 36.0 Slovenia 0.3 Spain

The financial effort from industry is to a large extent not
published; however, the industrial research effort is generally
more prone to deliver patents. In spite of the difficulties of
finding a good normalization factor, we can assume that, in
a first-order approximation, the efficiency and productivity
of countries can be depicted by dividing the number of
publications by the country’s population. Based on the
previous table, table 2 lists the 15 most productive countries
per million inhabitants.

In this ranking, Switzerland comes out top. This is
not astonishing, as since the invention of the STM at the
IBM Zurich laboratories, Switzerland has maintained a long
tradition in nanotechnology research. Many world-class
laboratories exist, and the Swiss government has played an
active role in promoting nanotechnology through different
specific programmes. The high value in the table may be
partially distorted by the fact that the international CERN
institutes appear in the database research as Swiss. However,
even removing CERN from the data, Switzerland would still
remain at the top of the list. Israel, another ten European
states, Singapore, Japan and the USA complete the rest of the
first 15 countries for publications. Most of these countries find
themselves also in the list of the most efficient ones for patent
filing. As already observed in the table for the absolute values,
the spread between the most effective countries for patenting
is roughly ten times larger (12.2–0.3) than for publications
(150.2–36.0). This indicates a larger capacity to transfer
research results into potential applications for some countries
with respect to others. The USA is an exemplary case, it is only
in position 14 in terms of publications per million inhabitants
(39.2), but climbs to position number 6 for EPO&PCT patents
per inhabitants (3.5). Such a large divergence between
the ranking in normalized publications and patents may be
explained by close academia—industry collaborations and by
cultural influences (for example, additional financial incentives
for academic personnel). China, which is the fourth most active
country in absolute publications (6.3% share of the world-wide
value, table 1), disappears in the normalized table (with less
than 0.01 publications per million inhabitants) due to its huge
population. Russia does not appear in the normalized tables as

it occupies place 18 for both publications and patenting (with
values of 15.0 publications per million inhabitants and 0.16
patents per million inhabitants)1.

3. Conclusions

Science and technology indicators can give insights into the
stage of maturity of a given technology and may be used to
depict scenarios for future evolution and for decision makers
to design an appropriate strategy. Nanotechnology—as a
whole—is still an emerging area with the need to make
progress in both scientific and technological terms before
massive commercialization of products may occur. Some
nanotechnology-based products are already on the market and
others will follow. A forecast of which will be the most
promising application to reach the market would require a
more detailed analysis of the nanotechnology indicators by
the industrial sector and by nanotechnology sub-areas. Such
a prediction based on indicators is currently difficult to carry
out due to the fact that nanotechnology is still an emerging
area, and due to its cross-cutting nature it is difficult to make
assignments to a sectorial or industrial branch.

An indicator analysis of nanotechnology activity by
country confirms that the scientific expertise is not evenly
distributed across the industrial countries, and that for countries
with similar scientific potential some of them are more capable
of transferring research results into application and, finally, into
industrial products.
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The authors thank Hervé Pero, Renzo Tomellini and Ben
Tubbing for their critical reading.
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