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Abstract

Changing dynamics of knowledge production particularly in science intensive technological fields is reflected in the complexity of interrelationships among the various actors involved in this process. Not only the academia and the industry are important actors in this process; the respective governments through various regulatory and strategic decisions  play an important role. 


Our investigation of this ‘Triple helix’ of university-industry-government is based on patent citation analysis. Patent citations can be viewed as pointers to those locations where various forms of exchange processes could take place between these three interacting partners. We attempt to understand a part of this complex process by analysing the activity of multinational corporations (MNCs) in a dynamic field of ‘thin films’.  MNC’s have become an important player in many cases in defining the technological lead and are also involved in producing a sizeable scientific output.  Their direct role in scientific production as well as there indirect role in using scientific results in technological development are explored in this paper within the framework of ‘Triple helix’. 
-----------------------------------------------------------------------------------------------------------------------

Introduction 


Technology based economic growth is increasingly dependent on product differentiation and strategic strengths in novel emerging technological fields. Genesis of some of these emerging fields can be traced to the close interaction between universities/public research institutions and industries. This has led to these fields being categorised as science based fields (Narin, 1994). Deeper investigations have shown the complexity of these interactions (see for instance the series of articles in: Irvine J, et. al. ed., 1997). For example the migration of scientific instruments to industry has been matched by a reverse flow of fabrication and design skills that have vastly improved the capacity of university scientists to conduct research. Moreover, it has been observed that respective governments (by their direct or indirect interventions) are also an important actor. 

Triple helix (university-industry-government interrelationships) has drawn our attention to the complexity of the interactions between various actors and reminds us that it is too simplistic to think of science dependence of technology (Etzkowitz and Leydesdorff, 1997). The “Triple Helix” thesis is that university-industry-government network relations are the key to knowledge-based economic development in a broad range of post laissez-faire capitalist and post-socialist societies. This Triple Helix comprises universities and other knowledge-producing institutions; industry, including high-tech start-ups as well as technostructures, megacorps, and multinationals; and government at various levels (local, regional, national, and transnational). These institutional units have to engage in exchange relations in order to participate in the innovation system by innovatively transforming themselves in accordance with changes in the codification structures.

Conceptual framework

We attempt to understand the knowledge flows and exchange process at the science/technology interface by keeping the ‘triple helix’ framework in context. The investigation is done in the area of ‘thin film’ technology. We analyse patent citations to explore the ‘triple helix’ relationship as it can be viewed as pointers to those locations where various forms of exchange processes could take place between university, industry, and government (Figure below shows the interacting model). The role of government come into play as it acts as legal and regulatory authority underlying patenting and patent examination process in which patent citations acts as a important tool to restrict the claims or prove the novelty of the patent (Meyer, STI research notes#4). Industry can no longer be considered as a separate institutional sphere from the university to which the knowledge has to be “transferred”. Industry itself is now increasingly present within academia, potentially co-constitutive of the knowledge production process (leydesdorff and Curran, 2000).   

Patent citation as an interface
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MNCs are emerging as major players in knowledge production and are observed increasingly utilising this knowledge in technological development(Meyer, STI research notes#4). Knowledge is generated, endogenously, in the innovation process, that firms are not only consumers of knowledge but increasingly active participants in its generation (Gibbons, et. al., 1994). Our earlier investigation in the area of ‘thin film technology’ confirms to this pattern (Bhattacharya and Khan, 2001). Thus it would be interesting to observe the evolving ‘triple helix’ by directing attention to MNCs. The paper attempts to do so by analysing the citation  behaviours as well as scientific activity of MNCs.

Data and Methodology

‘Thin film’ is defined as a film of optically transparent material, usually deposited by sputtering or evaporation, that may be made in a pattern on a substrate or used as a insulation between successive layers of components, and generally of the order of few wavelengths thick. It is a generic technology as applications based on this cover a broad range of fields. Microfabrication, sensor systems, liquid crystal displays, magnetic devices, and medical diagnostics are some of the major applications of this field. Thin film nanotechnology is an area of development which has potentiality of immense technological  application and economic benefit.  The present state of development of this field is a result of strong interactions with various branches of science and technology. Figure below attempts to briefly highlights this. This field has been classified as a critical technology and thus respective governments have played a key role in its development (see, for instance White paper on science and technology, Japan, 1999). Thus this field is suitable for the exploration of the ‘triple helix’ interactions.

Interplay of  Science and Technology in ‘Thin films’
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The US patent database available from USPTO (United Sates Patent and Trademark Office) was used for this study. The data was downloaded form their online site and bibexcel software was used for converting the data in text format (Persson). In-house retrieval software was constructed to convert the data into access database.  This database was tailored for the study. Title of patents containing the phrase ‘thin film’ or its variants were used as filter for classifying patents in this area (our earlier study has shown that the most representative focus of this area as covered by patents is possible through this method).  


An overview of patent activity of ‘top’ MNCs in this area were covered for a period of five years (1993-1997). In this period their scientific activity in terms of  research papers produced were also determined. INSPEC database (CD-ROM version) which corresponds to three science abstract print publications- Physics abstracts, Electrical and Electronic abstracts   

and Computer and Control abstracts, was used for this purpose. 


A much more detailed analysis was done for the period 1997.  Scientific references by their patents were categorised under four categories (Narin, et. al. 1976).  Further Narin and his co-workers have categorised the journals covered by SCI (Science Citation Index) into these four categories (we have used the journal list available for the year 1994). For this study, we additionally categorised the journals which were cited and not covered by SCI into these four categories based on our interaction with subject experts.  We also widened the scope of Level 1 to include refereed proceeding and technical bulletins. 

Levels Of Journals

	Level 1
	Applied Technology



	Level  2
	Engineering & Technological sciences



	Level  3
	Applied Research



	Level  4
	Basic Research




Results

MNCs have played a major role in the development of this technology as seen from the patenting activity in this field. Five year patenting activity (1993-97) in this area has resulted in 1739 patents with 506 patents (29% of the total) contributed by the top ten MNC’s, and 253 patents (15% approx.) by the next ten MNC’s. 
We determine on studying the corporation profiles, that corporations whose major application area for patents is in thin films are mostly active in five main areas: appliances; data processing; electronic components; electrical and electronics; and industrial components.  Activity in microelectronics followed by information technology are the sectors where majority of the patents in ‘thin films’ of the corporations are positioned. In sub-sectors, patents of the corporations mainly address computer hardware and active components.  

        Our analysis shows varying levels of citations. However, this seems to be more corporations specific. Patents of corporations like IBM, Matsusita electrical Ind’l, Sumotomo electric Ind’l co, Sharp Corporation are extensively citing scientific literature. Patents of these companies are positioned in information technology, photonics, and microelectronics. This might imply patents in ‘thin films’, which have applications in these sectors have a higher degree of interaction with scientific research. IBM, and Matsusita electrical Ind’l are also active producers of scientific research papers. This may imply that interlinkages between science/technology are an important factor in their innovations also. However, there are other corporations like Hitachi Ltd. having high degree of scientific activity in this field, but tends to have low frequency of citing scientific research output.  Probably the scientific activity in corporations like this has a different type of interaction with the development of technology within the organization, which is not finding reflection through the patent citation process. Tables and figures below highlight these results.

(These results draw heavily from Bhattacharya and Khan 2001).

PATENT ACTIVITY OF TOP MNC’S IN THIN FILM TECHNOLOGY (1993 -97)
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(A) IBM(B) Matsushita Electrical(C) Sumitomo Electrical(D) Mitsubishi(E) Fujitsu(F) Hitachi(G) NEC(H) Sharp(I) Toshiba(J) Sony(K) Semiconductor Energy Lab(L) Texas Instruments(M) Samsung Electronics(N) TDK(O) Canon(P) Casio(Q) G.E.C(R) U.S.Philips(S) Goldstar(T) Micron Tech

No. of patents
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ACTIVE COMPANIES IN THIN FILM TECHNOLOGY (1993-1997) 
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SCIENTIFIC ARTICLES PRODUCED BY TOP 10 COMPANIES ACTIVE IN THIN FILM 1993-1997
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NON-PATENT REFERENCE BY TOP TEN COMPANIES ACTIVE IN THIN FILMS (93-97)

The snapshot picture of patent activity of the top twenty companies in this period shows a similar picture of varying levels of citations. Two south Korean companies are prominently visible in this period, namely Daewoo Electronics and Samsung. Daewoo’s rise as the second most active company in terms of patent activity in ‘thin films’ in 1997 is remarkable considering that in the aggregate period of five years this company does not figure among the top twenty companies. These two companies shows a characteristic commonality of low non-patent reference. 


In general one notices that scientific references in non-patent reference have considerable variations.   

Reference pattern of top companies – (Patent 1997)

	Company
	Total

reference
	Patent reference
	Non-patent reference
	*Scientific 

reference
	*Patent

abstract

	IBM
	268
	212
	56
	22
	16

	Daewoo Elec.
	79
	65
	14
	1
	--

	Samsung
	134
	118
	16
	--
	--

	Semicond. Energy
	118
	72
	46
	28
	--

	Micron Tech.
	135
	98
	37
	27
	2

	Matsushita Elec. Ind.
	117
	82
	35
	18
	10

	NEC Corp’n
	56
	39
	17
	4
	1

	Toshiba
	53
	42
	11
	4
	--

	Hitachi Ltd.
	70
	57
	13
	8
	2

	Sony Corp’n
	321
	298
	23
	13
	2

	Seagate Tech.
	163
	142
	21
	17
	1

	Fujitsu Ltd.
	46
	34
	12
	6
	--

	Sharp
	48
	22
	26
	18
	4

	TDK
	43
	35
	8
	2
	--

	US Philips
	38
	33
	5
	3
	--

	Ind. Tech. Research Inst.
	46
	41
	5
	1
	--

	Fuji Xerox Company
	46
	34
	12
	2
	2

	Mitsubishi Denki
	58
	45
	13
	10
	--

	Texas Instru. Incorp’n
	50
	42
	8
	3
	--

	Goldstar Co.
	29
	24
	5
	--
	3


* Indicates that both scientific references and patent abstracts falls under

non-patent reference 

A closer examination of the companies patents shows only few patents have very high degree of non-patent references. Table below brings out this fact. We highlight only those companies which show major deviations. This is different from patent references. Variation in patent reference is less implying that patents in a company tend to have a similar pattern (in terms of number) of citing patents.  

   Different referential pattern of patents within a company

	Company
	Total

patents
	Non-patent 

reference


	
	Patents
	Non-patent 

reference
	No.

of

patents
	Non-patent 

reference

	IBM
	24
	56
	
	21
	23
	3
	33

	Semicond. Energy
	15
	46
	
	12
	23
	3
	23

	Micron Tech.
	13
	37
	
	11
	23
	2
	14

	Sony Corp’n
	13
	23
	
	12
	16
	1
	7

	NEC Corp’n
	12
	17
	
	11
	13
	1
	4

	Matsushita Elec. Ind.
	11
	35
	
	9
	20
	2
	15

	Mitsubishi Denki
	9
	13
	
	8
	7
	1
	6

	Seagate Tech.
	8
	21
	
	6
	10
	2
	11

	Sharp
	5
	26
	
	4
	11
	1
	15

	Texas Instru. Incorp’n
	6
	8
	
	5
	5
	1
	3

	Fuji Xerox Company
	4
	12
	
	3
	3
	1
	9


 Further delineation of patents with high reference pattern

	Company
	No.

of

patents
	Non-patent 

reference
	Scientific reference
	Level 1
	Level 2
	Level 3
	Level 4

	IBM
	3
	33
	16
	5
	2
	6
	3

	Semicond. Energy
	3
	23
	15
	2
	0
	4
	9

	Micron Tech.
	2
	14
	9
	4
	0
	5
	0

	Sony Corp’n
	1
	7
	7
	2
	0
	4
	1

	NEC Corp’n
	1
	4
	4
	0
	0
	3
	1

	Matsushita Elec. Ind.
	2
	15
	 5
	0
	1
	2
	2

	Mitsubishi Denki
	1
	6
	5
	5
	0
	0
	0

	Seagate Tech.
	2
	11
	11
	11
	0
	0
	0

	Sharp
	1
	15
	11
	2
	1
	6
	2

	Texas Instru. Incorp’n
	1
	3
	3
	1
	2
	0
	0

	Fuji Xerox Company
	1
	9
	7
	1
	0
	6
	0


Delineation of patents under various levels again shows considerable variations. However, as expected level 1 which covers applied technology is of prominence for most of the cited reference.  The level 1 includes along with research journals, technical bulletins and refereed conference proceeding. This includes some of the knowledge produced in a application context.  It is interesting to note that references to basic research (level 1) is not negligible. This is a pointer to the importance of fundamental research useful in a technological application. However, this is an indirect measure and does not indicate how the research was used for the development of the technology. 

*Delineation of Reference Pattern under Various Categories

	Company
	Level1
	Level2
	Level3
	Level4

	IBM
	6
	2
	11
	3

	Daewoo Elec.
	--
	--
	--
	1

	Samsung
	1
	--
	--
	--

	Semicond. Energy
	5
	1
	8
	14

	Micron Tech.
	16
	3
	8
	--

	Matsushita Elec. Ind.
	5
	3
	7
	2

	NEC Corp’n
	3
	--
	4
	2

	Toshiba
	2
	--
	1
	1

	Hitachi Ltd.
	6
	--
	2
	--

	Sony Corp’n
	6
	--
	6
	1

	Seagate Tech.
	14
	--
	1
	2

	Fujitsu Ltd.
	3
	1
	--
	2

	Sharp
	5
	1
	11
	2

	TDK
	1
	1
	--
	--

	US Philips
	3
	--
	--
	--

	Ind. Tech. Research Inst.
	1
	--
	--
	--

	Fuji Xerox Company
	1
	--
	6
	--

	Mitsubishi Denki
	9
	--
	--
	1

	Texas Instru. Incorp’n
	1
	2
	--
	--

	Goldstar Co.
	-
	-
	-
	-


* these are references marked as other references and include output in research journals & conf. proceedings (Covered under Level 1-4), book chapters, patent abstract and related materials.

Patent citation intensity

	Level1 
	Level2
	Level3
	Level4

	88 Citations
	14 Citations
	65 Citations 
	31 Citations


Sources accounting for major scientific reference

	Level 1
	Level  2
	Level  3
	Level  4

	1. IBM Technical 

    Disclosure Bulletin

2. IEEE Electron Device

3. IEEE IEDM      

    Technical digest
	1. Journal of   

   Cryst. Growth

2. Journal of  

   Elect. Engineering

3. Material   

    Science & Eng.
	1. Journal of  

    Applied physics

2. Journal of elect. 

    Chemical Society

3. Thin Solid Films
	1. Journal of 

    Cryst. Solid

2. J.A.Am.

   Ceram Soc.

3. IEEE 

    Transactions

    On Magnetics




Conclusions and discussions

The process of the production of scientific knowledge by MNCs are characterized by the context of application (Gibbons, et. al., 1994). This implies knowledge is produced under an aspect of continuous negotiation, i.e. it will not be produced unless and until the interests of the various actors are included. This results in MNCs taking the role of academia to some extent. We see these instances in this study.

Some MNCs are active in producing scientific knowledge. It is not clear to what extent it effects their technological development. Some patents are observed having relationship with scientific activity manifested by the codified process of citation to scientific literature. This very skewed nature of patent citations is true among companies as well as within itself.  It is not possible to reveal through this exercise the tacit knowledge that has been used in the technological development leading to patent(s). For this field of study, scientific knowledge /scientific activity of the MNCs may have contributed to the better understanding of the structure of the materials and deposition techniques which are fundamental in designing applications based on ‘thin films’.  Scientific activity may also be in the direction of designing radically new applications, say products based on ‘nanotechnology thin film’. These may be in the incubation phase and may result in technological products protected by patents at a later stage.

The study points out the changing interaction/configurations in the Triple Helix. Industry in emerging technologies are playing a key role in scíentific development themselves. Direct interaction with university research may not be visible through mapping. It is essential to focus on scientific manpower and mobility from university to industry to get a larger picture.

There are some caveats in using patent citations to trace the interactions. Le Pair(1998), for example, found that citations do not provide us with an accurate representation of technological achievements, because knowledge can be built into technological artifacts without necessarily leaving the formal trace of citation in the scientific literature (Van Els et al. , 1989). This is the tacit knowledge which we have discussed above.  In terms of methodological difficulties, as other references include a varied set of entities, not just scientific papers, sometimes very difficult to extract the correct delineation of the entitities because of incompleteness.  Only a sub-set of papers cited can be traced clearly . These are those papers which are covered by the database – science citation index. 

The role and nature of governmental intervention in technological development remains a controversial issues, while it effects corporate technological strategies (Cantwell and Janne, 2000).  The study mainly addresses the MNCs activity based on patent filed in US. Patenting process is dependent on respective government system. For example US patenting system requires extensive background information and one of the criteria’s in granting the patent depends on furnishing reference material.  Japanese system allows patent to be granted on single individual claim.  These varied systems are getting more uniform through the TRIPs (Trade Related Intellectual Property Rights) act but still there would exist sufficient provisions to influence the process. 
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