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Abstract The emerging field of nanotechnology has created a new frontier for the
convergence of university and industrial research. In the United States, major federal
investments provided a massive boom for this field over the decade. This paper reports on a
case study of how the University at Albany came to establish the first college of nano-
technology in the US, as part of a larger R&D complex oriented towards building a
regional nanoelectronics cluster. The case points to the role of entrepreneurs in mobilizing
ideas and resources to advance novel organizational forms. This study demonstrates how a
mode of technology transfer based on research facilities was deliberately used to build a
nanotechnology complex at Albany, highlighting the enabling role of state S&T policies in
supporting university engagements in regional economic development.

Keywords Nanotechnology - Academic organization - Technology transfer -
State policy - Regional economic development - Emerging fields

American universities are increasingly expected to play active roles in promoting tech-
nological innovation to reinvigorate regional economies. This expectation has been
assimilated by university administrators and state policy makers. Most states seek to induce
technology-based economic development, involving universities in their initiatives to grow
high technology clusters (Geiger and Sa 2008). Some states have made substantial com-
mitments to university research and infrastructure in fields with clear technological
promise and economic potential. Universities make their own investments in these areas of
research, seeking to be at the forefront of such critical fields and to secure external support
and resources. Biotechnology epitomizes these ‘science-based technologies’, areas of
fundamental investigation where research discoveries can lead to valuable innovations. As
the biotechnology industry expanded over the past three decades, close relationships
developed among university and industrial scientists, who participate in common
research networks in the joint pursue of discovery and intellectual property (Powell and
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Owen-Smith 2002). The field in many ways shaped contemporary technology transfer
practice, as it provided a paradigm driven towards the patenting and commercialization of
academic research that was widely adopted by universities.

Increasingly important for various industries, the emerging field of nanotechnology
has created a new frontier for the convergence of academic and industrial research.
Broadly, nanotechnology is an extension of and builds upon R&D in advanced materials,
semiconductors, electronics, and the life sciences (Mody 2004). The US National
Nanotechnology Initiative defines nanotechnology as ‘the understanding and control of
matter at dimensions between approximately 1 and 100 nm, where unique phenomena
enable novel applications. Encompassing nanoscale science, engineering, and technology,
nanotechnology involves imaging, measuring, modeling, and manipulating matter at this
length scale’ (http://www.nano.gov/html/facts/whatlsNano.html). These and other defi-
nitions point to the manipulation of matter as a central thrust, and collapse the bound-
aries between science and technology.' Heralded for its expected future impacts on
industrial manufacturing, nanotechnology has already enabled more than 1,000 exiting
consumer products by one estimation (The Project on Emerging Nanotechnologies 2010).
Promoted by major S&T policy initiatives across the globe, nanotechnology received a
massive boom in the United States during the 2000s from the federal government
(McCray 2005; Johnson 2004). Nanotechnology policy has induced the convergence of
several academic disciplines around research problems at the nano-scale with clear
impacts on industrial technology. Further, it has promoted close university—industry ties
and the prompt commercialization of research discoveries (McCray 2005).

Nanotechnology remains an emerging field in academia, despite considerably hype
about the implications of ‘nano’ in industry and the economy (Mody 2004; Stephan et al.
2007). Accommodating this new field, or recombination of other fields, into the academic
structure of universities is not easy. Costly facilities such as clean rooms, scientific
instruments, and research infrastructure are required. Beyond capital constraints, nano-
technology present an organizational challenge: how to integrate interdisciplinary teams of
scientists and engineers into coherent academic programs? As an inchoate field, nano-
technology still lacks widely shared norms of academic organization that can be easily
replicated. While many research universities boast research centers and institutes in the
field, few have organized academic programs, in most cases attached to more traditional
disciplines and departments (Stephan et al. 2007).

The conceptual point of departure of this study is that emerging science-based tech-
nologies such as nanotechnology provide opportunities for entrepreneurs in academia to
advance new organizational forms, including models of university—industry collaboration.
Having established the first college of nanotechnology in the United States, the University
at Albany is an auspicious site for investigating the introduction of novel structures and
strategies. Part of the State University of New York (SUNY) system, Albany is a relatively
young institution. It developed out of the state impetus to develop state universities,
gaining university status in 1962. Albany has evolved to become a mid-range research
university, which ranked 59" in R&D expenditures in the 2007 survey of the National
Science Foundation (National Science Foundation 2008). Within the SUNY system, the

' In another popular definition, Bushan (2006, p. 1) proposes that ‘nanotechnology encompasses the pro-
duction and application of physical, chemical, and biological systems at scales ranging from individual
atoms or molecules to submicron dimensions, as well as the integration of the resulting nanostructures into
larger systems’.
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Albany campus trails its counterpart in Buffalo in terms of sponsored research, and it has a
smaller presence in graduate education than both Buffalo and Stony Brook.

This study explored how and why nanotechnology became a major institutional thrust at
Albany, where unlike other universities this emerging field became embedded in a unique
academic unit. A case study strategy was used to pursue these questions, employing
multiple, complementary sources of evidence (Yin 2003). The study involved archival
research and documentary analysis, in addition to personal interviews with administrators
and researchers during a site visit in 2006. Documentation analyzed includes institutional
records, New York State policy documents, nanotechnology policy reports, nano-science
publications, news articles and campus reports, and among other relevant materials.
Analysis of the case data revealed a long and complex history leading to the creation of the
college that spans decades. Examining critical junctures in that history is the main task of
this paper.

The story of Albany’s college of nanotechnology provides insight into the role of
entrepreneurs in mobilizing ideas and resources to shape organizational models for
research, education, and technology transfer. It demonstrates how a mode of collaborations
with industry based on research facilities was deliberately used to build a nanotechnology
complex at the university, oriented towards building a regional nanoelectronics cluster.
That model is substantively different from the standard approach to technology transfer
inspired by the life sciences, based on the licensing of academic patents by technology
transfer offices (Mowery et al 2004; Geiger and Sa 2008). Moreover, Albany’s case brings
to the forefront the role of state S&T policies in supporting university engagements in
regional economies as a crucial enabler of such pursuit.

Below, key concepts in this research are framed: entrepreneurs, organizational forms,
and emerging fields. The case is presented in the four following sections. Discussion of the
main findings and implications conclude the paper.

Conceptual framework

The study of entrepreneurs is commonly traced back to Schumpeter (1934), who famously
cast them as innovators leading ‘creative destruction’ in the economy. According to
Schumpeter, entrepreneurs recombined existing resources to create new products, methods
of production, sources of inputs, markets, and business organizations. Since Schumpeter’s
days, attention to the role of entrepreneurs has only increased. Scholars from different
fields have expanded the notion of entrepreneurship to cover a wide range of meanings,
activities, and social settings (Hwang and Powell 2005; Pozen 2008). There are ‘policy
entrepreneurs’ in politics, ‘social entrepreneurs’ in civic issues, ‘intrapreneurs’ in firms
(Pozen 2008), and of course, ‘academic entrepreneurs’ in universities (Bercovitz and
Feldman 2008). Even within research focused on higher education, entrepreneurs and
entrepreneurship are understood in a variety of ways, reflecting the multiple framings and
applications of the concepts across the social sciences (Mars and Rios-Aguilar 2010).°

2 Content analysis of field notes, documentary data, and interview data followed standard protocols for
identifying themes and corroborating evidence through triangulation (Weber 1996; Strauss 1987).

% In a recent review of papers in higher education journals, Mars and Rios-Aguilar (2010) found that
academic entrepreneurs have been more often understood as university professors who engage in com-
mercialization activities, and entrepreneurship tends to refer generally to market-oriented behavior.
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This paper refers to entrepreneurs in universities more broadly as consequential agents
in organizational change. In the pursuit of their interests, campus actors may have an
impact on the structures, strategies, and trajectories of their universities. Entrepreneurship
is seen not as a discrete set of standard responses to the environment, but as involving the
creation of “new organizational models and policies that change the direction and flow of
organizational activity” (Hwang and Powell 2005, p. 179). This approach is consistent
with broader principles that have conceptually defined entrepreneurship in the Schumpe-
terian tradition: the introduction of innovative recombinations of ideas and resources to
exploit opportunities and create value, within the context of the organization. Introducing
new organizational forms is one expression of entrepreneurial action.

Similarly, there are multiple theoretical approaches to and definitions of organizational
forms. They variously emphasize internal or external aspects, as well as objective or
subjective dimensions of organizations (Aldrich and Ruef 2006). This paper draws on the
work of organizational scholars who have defined organizational forms as the bundle of
core organizational features involving goals, authority relations, technologies, and client
markets (Rao and Singh 1999). Put more simply, organizational forms may be viewed as
organizational structures and associated organizational strategies (Ingram 1996, 85). As
some have pointed out, those elements of structure and strategy embody subjective beliefs
and values shared in the organizational field (Haveman and Rao 1997; Greenwood and
Hinings 1996).

Organizational fields are commonly understood as collectives of organizations that
constitute identifiable realms of activity. They include “key suppliers, resource and
product consumers, regulatory agencies, and other organizations that produce similar
products and services” (DiMaggio and Powell 1983, 148). Fields evolve through the
reproduction of behaviors that create, sustain, and change those constitutive elements. In
mature fields, norms, practices, and patterns of inter-organizational relationships are well
established. They are widely known and shared among organizational actors, whether one
speaks of commonly accepted industry recipes, enforced standards of operation, or taken-
for-granted hierarchies among organizations. In such fields, prescriptions about organi-
zational forms tend to be highly elaborated and diffused among field participants. Mature
academic fields are institutionalized in the university departmental organization, and count
on a social structure of professional associations, journals, conferences, grant programs in
research funding agencies, and other sources of support and recognition (Abbott 2001).
There is a pecking order of distinction among university departments/schools in the field,
as well as among the other elements of the social structure. The ‘top’ schools tend to set
configurations of academic program and be widely emulated.

In contrast, emerging fields are less structured social arenas, where there is greater
uncertainty about field composition and the rules of the game (Maguire et al. 2004). The
roles of organizations, their interrelationships, and the means to obtain material and
symbolic resources are not as developed as in mature fields. In the absence of established
channels for resource acquisition, entrepreneurs need to meet the needs of actors who
provide necessary support. Emergent fields provide entrepreneurs from different positions
in the social hierarchy with opportunities to advance organizational arrangements that are
favorable to them (DiMaggio 1988; Hardy 1994; Fligstein 1997). Without clearly recog-
nized standard-setters exerting isomorphic pressures, there is greater room for new orga-
nizational forms to be introduced. Emerging academic fields do not enjoy a secure foothold
across universities, with permanent academic structures, professorial appointments, degree
programs, and accepted understandings about the field’s location in academia. Promoters
of new scientific fields seek to establish robust social networks, resource bases, and
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legitimacy (Frickel and Gross 2005). Competing with other aspiring fields for intellectual
territory and resources, participants in emerging fields need to establish shared identities
and research directions. While those are in the making, the field may manifest in disparate
ways across campuses, and participants lack common assumptions about academic
organization.

Thin films and entrepreneurial science

The trajectory of what become a major nanotechnology complex at the University at
Albany started well before the field was thrust into public debate in the late 1990s-early
2000s. In the 1980s, the university became more influential in the state legislature, as New
York and other states were reorienting their investments in high technology programs
(Plosila 2004). The Albany area had experienced the economic decline of traditional
manufacturing that assailed the American rust belt, and as other states, it viewed science
and technology as a potential solution. States started to view investments in university
research as a means to upgrade and diversify local industries. Albany developed new
institutional relationships that created the conditions for the rise of research initiatives
linking universities and local industry.

Albany’s president Vincent O’Leary partnered with Rensselaer Polytechnic Institute
president George Low in the early 1980s as they sought state assistance to jointly exploit
an industrial site in Troy. Low had been particularly active in positioning RPI as a catalyst
of new high tech business and a partner of large corporations based in the state, currying
considerable support from the state government (Leslie 2001). The partnership among the
neighboring universities increased their influence in the state legislature. It also led to
cross-campus research collaborations in applied physics, which ultimately resulted in the
creation of the Joint Laboratories for Advanced Materials (JLAM) in 1987.

The Joint Laboratories for Advanced Materials brought together scientists working on
complementary research programs in the area of thin films materials and process research
on the two campuses. One of the center’s founders was physics professor James W.
Corbett, who throughout this career bridged industry and academia, as well as the two
universities around the Hudson River. A specialist in semiconductor and solid-state
physics, Corbett worked for General Electric for 13 years before joining the Albany faculty
in the late 1960s. While still at GE, he had a stint as an adjunct faculty at RPI (Saxon
1994). Another key participant in JLAM was a younger physics professor, Alain E.
Kaloyeros, who came to Albany in 1988 after obtaining his Ph.D. in experimental physics
at the University of Illinois. A Lebanese-Greek émigré, Kaloyeros co-directed JLAM for a
decade, forging useful connections with industry. The center attracted a range of corporate
partners, including Motorola, Intel, Air Products, IBM, and SEMATECH (Fury and
Kaloyeros 1993, p. 61).

In 1993, Kaloyeros led a research team that obtained support from New York’s Center
for Advanced Technology (CAT) program, one of the first of its kind in the nation.* The
program provided sustained support for university research teams to create research
“centers of excellence” that worked with industry in high technology fields. To achieve

* Interestingly, the CAT program originated from RPI’s lobbying efforts to secure support from the state for
research that would aid the local economy. Political bargaining resulted in the program, which could
distribute state resources geographically (Etzkowitz 1997, p. 418). For a detailed account of Low’s efforts,
see Leslie (2001).
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that, CATs received one million dollars per year from the state for 10 years, contingent on
equivalent matching funds from industrial partners. The Center for Advanced Thin Film
Technology brought together several Albany researchers in the areas of microelectronics
and optoelectronics, and specialized in computer chip interconnects. This was a crucial
technological area for firms in the semiconductors industry such as neighboring IBM, a
historically large employer in the state. The center was quickly successful. With support
from corporate sponsors, it built a pilot manufacturing facility for semiconductors in 1996,
“NanoFab 200.” Equipped with the latest wafer manufacturing technology, it could
produce the 200 mm wafers utilized by the industry.

Kaloyeros and his colleagues engendered close collaborations with industrial partners.
He had strong ideas about the links between academic science and industrial innovation.
Working closely with corporate researchers, Kaloyeros decried the gap between the cul-
tures of academia and industry. With an IBM collaborator, he professed, “While it is
always the hope that [fundamental research] will result some tangible success—com-
mercial, humanitarian, or notoriety—such success has been secondary to the academic
legitimacy of proposing a project to address an unknown, and to educate in the process”
(Fury and Kaloyeros 1993, p. 59). Beyond the low regard for more applied research
projects in academia, they viewed the normative and professional separation between basic
and applied science as part of the problem: “application of the results of that research was
the province of those employed in areas of applied research and product/process devel-
opment.” This separation, in their estimation, created a “gap in technology continuity in
microelectronics™ (ibid.).

The Center for Advanced Thin Films Technology sought to close that gap. Growing
success in enlisting corporate partners made the center outgrow the shared spaces it used at
the university. In 1997, the move to a new facility on the northwest edge of the campus, the
modern looking Center for Environmental Sciences and Technology Management. Erected
in part with state support, the building was designed to accommodate university and
industrial researchers close proximity.” It provided a more congenial home for the
aspirations of the group to cultivate long-term relations with firms. By the decade’s end,
Kaloyeros and colleagues had established a presence on campus with the growing
university—industry center, and were poised to exploit the fin-de-siécle transformations in
the research policy environment.

The rise of nanotechnology

Policy entrepreneurs well versed in the workings of the federal agencies articulated the rise
of a major federal program in nanotechnology from the mid- to late 1990s. The federal
government had long made investments in nanotechnology research, but those were
scattered across multiple agencies an amounted no more than $155 million by the turn of
the century. Mihail Roco and other proponents captured the attention of Congress by aptly
building upon the reorientation of science policy towards economic competitiveness, the
perceived threat posed European and Japanese technological programs, and optimistic
visions of the role of nanotechnology in shaping the future of manufacturing. Those factors
fueled a sense of urgency that was aptly exploited by the nano-advocates. Indeed, when
president Bill Clinton announced the National Nanotechnology Initiative (NNI) in 2000, it

> CESTM was erected with a $10 million state economic development grant, complemented by $2 million
from a federal grant and $1.4 million from private sources.
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Fig. 1 Budget of national nanotechnology initiative (in $ millions). Source: NNI 2009

was hailed as a step to spur the technologies for the ‘next industrial revolution” (McCray
2005).

The NNI was initially backed by a congressional appropriation of nearly 500 million
dollars, and was signed into law in 2003 by president George W. Bush with the passage of
twenty-first century Nanotechnology Research and Development Act (Public Law 108-
153). The initiative soon elevated federal investments in ‘nano-scale science and engi-
neering’ to more than a billion dollars, disbursed through 13 federal agencies (see Fig. 1).
New York made its own provisions to capture a share of federal R&D dollars for the field.
The administration of governor George E. Pataki (1995-2007) established the New York
State Office of Science, Technology, and Academic Research (NYSTAR) in 1999, with a
$130 million budget. Nanotechnology quickly became a priority area for NYSTAR,
alongside biotechnology, biomedicine, and computer and information technology. The
agency funded university research and infrastructure in these fields through various
programs.®

The New York State Office of Science, Technology, and Academic Research proved to
be a bonanza for universities in the state. Somewhat typically of state S&T programs, ‘pork
barrel’ politics’ played a role in the allocation of funding. All research universities
received some support, but the state capital’s campus was particularly rewarded. The
University at Albany was the recipient of some of the single largest appropriations.8
Starting in 2000, a series of grants from NYSTAR allowed the Center for Advanced Thin
Film Technology to expand its activities to realize the promise of nanotechnology for the
electronics and semiconductor industries. With great demand for increasingly small and
powerful computer chips, famously proposed by Moore’s Law, firms in those industries
have a direct stake in nano-science and engineering that allows increasing miniaturization
of materials and components.

® Those include the “Centers of Excellence”, “STAR Centers” (Strategically Targeted Academic
Research), and “Gen*NY*sis” (Generating Employment through New York State Science).

7 In the US context, the term "pork barrel’ refers, in a derogatory manner, to the allocation of government
funds to please special interests in the districts of politicians requesting them.

8 One analysis shows Albany to be the biggest beneficiary of pork-barrel funds in S&T as well as in other
areas (Garder and Rosenberg 2006).
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At the turn of the century, Albany became a “focus center” on chip development of the
National Interconnect Focus Center program, along with RPI, Stanford, MIT and the
Georgia Institute of Technology. This program was organized by the Semiconductor
Industry Association (SIA), the Defense Advanced Research Projects Agency, and semi-
conductor equipment suppliers. New York State provided $5 million over 5 years to back
the center (State of New York 2001).

Funding from NYSTAR enable the expansion of the Center for Environmental Sciences
and Technology Management, to house a new pilot manufacturing facility equipped with
300 mm wafer integration technology. Semiconductor companies were at the time making
the transition towards this new technology platform, which was more efficient than the
previous generation 200 mm facilities, but also costly to build and maintain. Significantly,
industrial manufacturing plants tend to be located near leading research institutions. The
political appeal of state investments on the universities’ R&D infrastructure was thus
obvious—they “helped attract semiconductor and other hi-tech manufacturing to the
State” (State of New York 2000, n.p.).

In 2001, a partnership between the state and IBM created the NYSTAR Center of
Excellence in Nanoelectronics at Albany. The multinational had over the years relocated
an increasing number of plants overseas. Keen to retain the R&D and manufacturing
operations of the Big Blue, political leaders in the state backed Albany’s growing infra-
structure for nanotechnology as an anchor for the company’s operations. The university
counted on the support of key state politicians at the time: Senate Majority Leader Joseph
Bruno, Speaker of the House Sheldon Silver, and Governor Pataki. With $50 million from
the state and $100 million from IBM, Albany’s research infrastructure was considerably
strengthened. A second “Nanofab” with another 300 mm wafer integration facility was
erected in the sprawling complex of buildings in the northwest of the Albany campus.

Albany nanotech and the first college of nanotechnology

The conglomerate of research programs and facilities growing around the Center for
Environmental Sciences and Technology Management became identified as Albany
Nanotech. More than a research park, Albany Nanotech was a self-styled agent in the
promotion of a regional nanotechnology cluster. With Kaloyeros at the helm, it started
recruiting industrial partners aggressively. In 2002, SEMATECH International North, an
international R&D consortium, was lured to Albany—a major coup that put Albany
Nanotech on the map of the industry. Other consortia and joint ventures soon followed.”
The visible hand of the state enabled many of these achievements, through direct subsidies
for new partners to locate in the state capital.10

As explained by one administrator, Albany Nanotech’s mission “is to accelerate change.
Rather than simply dealing with firms on discrete projects, or even nurturing long-term rela-
tionships with individual corporations, they seek to establish broadly based inter-organizational
partnerships. They perceive that greater rewards lie in engineering ties with various firms in the

»1l

® They include the International Venture for Nanolithography, the Center for Advanced Interconnect
Science and Technology, and the Institute for Nanoelectronics Discovery and Exploration. They involve
investments of $500+ million, $500 million, and $435 million, respectively (CNSE Backgrounder 2007,
pp. 2-9).

10 For example, to land SEMATECH and the first Tokyo Electron R&D laboratory outside of Japan, the
state footed a $310 million bill.

" Quoted from an interviewee on the Albany campus (05/06/2006).
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same product value chain, whose R&D goals and technologies are complementary and
interdependent. Contiguous clean room facilities are made available for industrial partners to
work side by side to develop different components that feed into larger technology platforms—
in close proximity to the academic scientists and students in the complex.

Early in 2004, former New York State Governor George Pataki disclosed an auspicious
initiative: “we will work with the University at Albany to create a new College of
Nanotechnology—the first of its kind in the country—to provide our industry with the high
quality workforce it needs to grow in New York State” (Pataki 2004). More than the first
college in the field, The College of Nanoscale Science and Engineering (CNSE) is
expected to be an influential agent in the creation of a regional nanoelectronics cluster,
following the trail blazed in previous years by Albany Nanotech. Its internal organization is
reminiscent of industrial R&D labs: faculty members are not assigned to academic
departments, but to flexible faculty ‘constellations’ in nanoscience, nanoengineering,
nanobioscience, and ‘nanoeconomics’.'? Many of the senior faculty and administrators
have had some experience working in non-academic settings, including in a few cases long
tenures at industrial laboratories and start-up companies.13

Kaloyeros is the college’s ‘Chief Administrative Officer’, and also Vice-President for
University-wide Economic Innovation and Outreach. The CAO title is not accidental—one
college official claims that it makes communication with corporate partners easier.'* The
concern with resonating with executives in the private sector is not unfounded: CNSE
obtains about 80% of its revenues from industry. Even as industry-sponsored research
declined nationally in the early 2000s, the amount of corporate-sponsored investigation
performed at Albany skyrocketed, as shown in the Fig. 2. Moreover, in sheer numbers, the
complex has developed a substantial industrial footprint on campus. By 2008, it housed
over 2,000 corporate R&D personnel.

Beyond corporate support, CNSE has effectively tapped political support from New
York State senators and congressmen to obtain federal earmarks for research centers. That
was the case of the New York Center for National Competitiveness in Nanoscale Char-
acterization, funded at $1 million by the Senate appropriations committee, which focuses
on the metrology of nano-scale technologies. Support from a New York congressman
resulted in funding from the U.S. House of Representatives for the NanoSensor StageGate
Accelerator, oriented towards military applications of nanotechnology.

The preponderance of corporate ties implies in research less oriented towards long-
range, exploratory investigation. CNSE has not been successful in obtaining some of the
highly competitive, major awards from federal agencies.'”> A reputation survey conducted

12 Such arrangements to recruit and organize faculty into loose multidisciplinary structures are becoming
more frequent among US research universities (Sa 2008a, b).

13 James G. Ryan, a former professor of nanoscience and associate vice president of technology, had
worked at IBM for 25 years before joining CNSE in 2005. He left CNSE in 2008 to become the founding
dean of the Joint School of Nanoscience and Nanoengineering, affiliated to North Carolina A&T State
University and The University of North Carolina at Greensboro. http://cnse.albany.edu/News/index.cfm?
step=show_detail&NewsID=1361.

!4 Interview conducted on site (05/06/06).

!5 For example, the National Science Foundation has over the decade supported the prestigious ‘Nano-Scale
Science and Engineering Centers,” awarded through an exhaustive, multi-stage review process. Albany is
absent of the list of recipients of those centers, as well as other NSF-supported centers focusing on nano, as
well as nanotechnology centers supported by other federal agencies. Several of the NSF Materials Science
and Engineering Research Centers focus on nano-scale research; other agencies funding nano-centers
include the National Institutes of Health, the Department of Defense, and NASA.
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Fig. 2 Industry-funded R&D at SUNY-Albany. Source: National Science Foundation 2000, 2009

annually by a nanotechnology trade publication places Albany at the top as a singular
school in the field, highlighting the facilities, educational programs, and commercialization
activities of the complex. With six multidisciplinary graduate degree programs organized
around the ‘science’ and ‘engineering’ of nanotechnology, CNSE is ahead of other insti-
tutions in the number of educational offerings. The lowest ratings, however, go to ‘peer
nano research.” (Small Times 2008, 2009). As much as such surveys are often methodo-
logically problematic, this characterization of CNSE seems to reflect its priorities.
Albany’s complex is geared towards addressing complicated technological problems with
near-term implication for industrial partners. Such work can be technically challenging and
sophisticated, but may not be always aligned with the longer-term preoccupations of the
academic community that drives fundamental research.

The role of research infrastructure in technology transfer

College of Nanoscale Science and Engineering-Albany Nanotech embodies the patterns of
collaboration that have become common in the semiconductors industry. A more chal-
lenging competitive environment and growing costs of facilities used to develop new
technologies drove companies to outsource much of their R&D efforts. With the vertical
disintegration of corporate R&D and the rise of geographically dispersed clusters, inno-
vation in semiconductors requires the cultivation of inter-organizational alliances. Saxe-
nian (2006, p. 42) has argued that ‘the coordinating functions of the corporate hierarchy ...
are being replaced by shifting collaborations between specialist producers that jointly
design and produce a range of components and subsystems.’ Industrial consortia have been
a hallmark in the semiconductors industry for the pursuit of generic research.

Above all, Albany’s R&D infrastructure for nanotechnology has been the cornerstone of
university—industry collaboration. A growing presence of corporate partners located around
CNSE evinces industrial interest in the infrastructure of the complex. A major challenge in
technology transfer is for academic inventions to move beyond the ‘proof of concept’ stage
towards the manufacturing of commercially viable products (Geiger and Sa 2008). There are
innumerous obstacles in this process, including the technical aspects involved in scaling up
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production of the new technology in a cost-effective manner. The nanofabrication facilities
at CNSE, compliant with industry standards, are intended to facilitate this transition.

Understanding the opportunities presented by these dynamics of the semiconductors
industry, and the politics of state technology-driven economic development, was critical to
the creation and growth of the Albany complex. In this scenario, being an agent in building
a regional nanoeletronics cluster became a key source of resources and support for the
enterprise. As new corporate research labs and manufacturing plants are opened on campus
and surrounding areas, the complex has gained recognition for its mission. Albany
Nanotech was mentioned when IBM decided to open a new factory in East Fishkill in
2002. When Advanced Micro Devices decided to build a new $3.2 billion factory in
Saratoga County 4 years later, the university was also cited as a factor influencing this
choice (Lohr 2006). Besides the university, however, massive subsidies by the state and
local governments also influenced those decisions.'® When SEMATECH International
decided to move its headquarters to the Albany complex in 2007, promising employment
opportunities and research funding for CNSE, a bill was passed in the state legislature
allocating $300 million towards the purchase of equipment. Kaloyero’s conspicuous role in
attracting SEMATECH international to the state had rendered him public recognition,
including friendly profiles in the national media (D’Errico 2002; Finn 2002; Engardio
2009). One senior administrator regards him in lofty terms as ‘one of the main economic
drivers for the development of upstate New York” (Redden 2007).

Indeed, large R&D facilities have been linked with the emergence of nanotechnology
clusters (Mangematin 2006). Such infrastructure provides a distinctive pathway for tech-
nology transfer, based on the shared use of facilities and collaborative R&D. Nonetheless,
the difficulties of building high tech clusters are well known, and the object of extensive
academic research (e.g. Braunerhjelm and Feldman 2006). In a national analysis of the
nascent nanotechnology clusters, Shapira and Youtie (2008) have argued that focusing
investments in the research capacity of a single institution yields short-term benefits such
as increased prominence for the region, and visibility for the institution. This has certainly
been the case for both the Albany region and the university. Viewed from a national
perspective, however, the Albany region is still an aspiring nanotechnology center. It is
dominated by university-based research, which took off in the early- to mid-2000s, and
patenting activity is not too intense. These features are consistent with the rise of Albany
described above, and the ways it interacts with industry.!” Shadowed by the considerable
attention given by scholars and policymakers to technology transfer via the commercial-
ization of academic inventions (Mowery and Sampat 2006), research facilities are an
important element connecting university and industrial research.

Discussion
The Albany case provides a remarkable example of how entrepreneurial scientists can have

a substantive organizational impact on their campuses. It is consistent with previous
research suggesting that peripheral actors in organizational fields are more likely to adopt

'6 They pledged $1.56 billion to the IBM and AMD plants (Lohr 2006).

'7 Shapira and Youtie (2008, pp. 196-197) do caution, however, that this strategy “has the potential to
crowd out other institutional actors who may be helpful in developing and energizing the regional cluster
and who may exploit research avenues not favored by the dominant institution.” Their analysis suggests that
the most successful ‘nanodistricts’ have multiple centers of R&D and commercialization activities.
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novel organizational models.'® Albany lacked an engineering school, a usual academic
home to nanotechnology programs because of the number of related research communities
rooted in engineering fields such as electrical engineering, mechanical engineering, fluid
dynamics, computer science, and materials science (Mody 2004). To date, even with the
infrastructure and visibility of CNSE, its research is not considered top-notch by peers
(Small Times 2009). Departing from a modest organizational base, Albany scientists had
little to gain from seeking support and recognition through conventional channels such as
federal research agencies. Embracing industrial partnerships and commercialization
allowed CNSE to grow based on the exploitation of a unique niche. When Albany sci-
entists decided to build nanofabrication facilities abiding to the latest industry standards,
they were following a deliberate strategy to appease actual and potential corporate clients.
The research infrastructure developed over the years provides a distinctive comparative
advantage to CNSE in working with large, R&D-intensive firms.

Entrepreneurs in emerging fields need to devise new ways to meet the interests of
relevant stakeholders who can provide necessary resources and support (e.g. Maguire et al.
2004). Linking research, technological innovation, and the promotion of a regional cluster
was the strategy of Albany scientists to secure funding and recognition, building a coalition
among state authorities and corporate partners. Albany scientists rejected conventional
organizational configurations, whether by following the dictates of more prestigious
institutions or the structural arrangements of more established disciplines. Rather, they
pragmatically met the needs of corporations, and shaped organizational structures and
strategies accordingly. In the absence of widely diffused norms about the nature, goals, and
substance of nanotechnology programs and units in universities, CNSE advanced its
approach as an innovation, in ways that resonate with the ideation of nanotechnology as a
field. As Johnson (2004, p. 226) has argued,

[n]anotechnology is a nearly perfect fit for what both companies and the government
expect from science.... the development of the field is less stymied by the challenges
it presents to traditional modes of doing science—e.g., transdisciplinarity, focus
towards applications, ties to proprietary industrial research, blurring of science and
engineering.

State activism in promoting technology-based economic development was a crucial
enabler of CNSE’s creation and expansion. New York State government’s commitment to
nanotechnology at Albany was the culmination of an on-going relationship based on
mutually reinforcing interests. The state’s sizable investments in research facilities and
infrastructure followed from the interest in retaining and attracting industrial jobs, a logic
that was aptly exploited by the nano-entrepreneurs on the Albany campus. The growing
nanotechnology complex continuously met the research needs of locally based firms who
were important employers, and then reached out globally to recruit corporate partners. The
state government supported and sanctioned such relations with continuous investments,
subsidies, and official endorsement. The federal NNI legitimated and provided further
stimuli to the on-going orientations and activities of the Albany researchers, although as
shown above, it did not cause it. As it became widely recognized and subject of public

'® In summary, that is because (1) marginal organizations are not beneficiaries of existing ideas and forms
that sustain the status quo, and thus have an incentive to pursue alternatives; (2) they are less interconnected
with central organizations in the field that sustain the status quo; and (3) they are more exposed to existing
contradictions in the field. See Greenwood and Suddaby (2006, 29-30).
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debate, nanotechnology allowed for a strategic and symbolic reframing of on-going
research activities on semiconductors as part of a broader science and technology agenda.

Collaborations with industry were built not only on state dollars, but also on the ability
of the Albany scientists to identify unfolding trends in corporate R&D. Large-scale
research infrastructure has been linked to a mode of technology transfer based on formal
and informal collaborations, stemming from the shared use of facilities (Mangematin and
Peerbaye 2003). That model is different from, and at times conflicting with, the standard
approach to technology transfer that has been widely diffused among US universities and
beyond over the past generation, based on patenting and licensing. A strong patent model
following the biotechnology paradigm can be a deterrent to forms of university—industry
research collaboration that are more common in fields of engineering, advanced materials,
and computer science (Geiger and Sa 2009). The object of collaboration in such fields
usually involves incremental innovations in a technology platform developed over time
through numerous technical advances. Expansive intellectual property claims on collab-
orative projects that are seen to intrude into previously developed technology are likely to
refrain firms from collaborating with universities. Understanding this reality, CNSE
adopted a strategy that is centered on broad-based partnerships and collaborative research,
consistently with the practices and expectations of semiconductor companies.

The viability of Albany’s approach in the long run relates to a number of further
developments that go well beyond the campus. Support for nanotechnology research at the
federal level has remained strong through the end of the 2000s, signaling to the continuing
emphasis on the field. The approaches of other research universities have been more
incremental, which begs the question of how nanotechnology will become structurally
assimilated in the institutional fabric of prestigious institutions. Because of its multidis-
ciplinary nature, nanotechnology may continue to be housed within parent disciplines that
are more established on campuses, and in cross-disciplinary research institutes. Indeed,
some have argued that the multidisciplinary character of the field may inhibit the
appearance of nanotechnology departments and schools across institutions (Stephan et al.
2007). At this point, it is unclear whether Albany’s college will enjoy a “first mover
advantage” as it seeks to become established academically, or whether it will remain a
singular unit tailored around a unique regional mandate. Above all, success in fulfilling its
cluster-building role will certainly be determinant in securing continuing state support in
the near future.

Conclusion

As the classic entrepreneur who recombines existing ideas and resources in novel ways to
exploit opportunities, Albany scientists capitalized on shifts in science policy and politics,
modes of corporate innovation, and expectations around the role of universities in fostering
economic development to establish a major new organization on campus. Conceived as a
‘new model’ that breaks away from the traditional cultural clashes between academia and
the corporate world, CNSE-Albany Nanotech is simultaneously an academic unit, a
technology park, a regional development broker, and an industry-oriented campus devel-
opment. This bundle of structures and strategies that make up the organizational form of
the college embodies the ideas about the convergence of academic and industrial science
that have been successfully promoted by ‘nano-advocates’ (Mody 2004; McCray 2005).
With its multifarious roles, the complex also recombines known components of the
growing technology transfer ‘periphery’ of universities into a novel form of academic
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organization, which brings to the forefront the role of research infrastructure and facilities
that enable science and innovation.

This case raises broad implications for institutional decision-makers, as universities
across the globe increasingly seek and are expected to play a role in regional economic
development. It highlights that the conceptual and practical convergence among technol-
ogy transfer experts and practitioners around the patent-driven model of the life sciences
obfuscates important developments in other fields. Similar charges have been made among
those critically examining the impacts of laws such as the Bayh-Dole Act in the United
States, in light of how academic science influences industrial R&D (Mowery et al 2004).
Recognizing the variety of ways in which university research may contribute to innovation
widens the scope of alternatives open to institutional decision-makers who wish to advance
an economic development mission. Pathways to move in that direction are multiple and
relate to the nature of regional industry, their development strategies, and the dynamics of
innovation of their sectors, in addition to regional policies for research and innovation.

References

Abbott, A. (2001). The chaos of disciplines. Chicago: The University of Chicago Press.

Aldrich, H., & Ruef, M. (2006). Organizations evolving (2nd ed.). London: Sage Publications.

Bercovitz, J., & Feldman, M. (2008). Academic entrepreneurs: Organizational change at the individual
level. Organization Science, 19(1), 69-89.

Braunerhjelm, P., & Feldman, M. (Eds.). (2006). Cluster genesis: The emergence of technology clusters and
their implications for government policies. New York: Oxford University Press.

Bushan, B. (2006). Springer handbook of nanotechnology (2nd ed., p. 1). New York: Springer.

D’Errico, R. A. (2002, July 29). Alain Kaloyeros played big role in Sematech decision. The Business Review
(Albany), http://www.bizjournals.com/albany/stories/2002/07/29/story1.html.

DiMaggio, P. (1988). Interest and agency in institutional theory. In L. Zucker (Ed.), Institutional patterns
and culture (pp. 3-22). Cambridge, MA: Ballinger Publishing Company.

DiMaggio, P., & Powell, W. (1983). The iron cage revisited: Institutional isomorphism and collective
rationality in organizational fields. American Sociological Review, 48, 147-160.

Engardio, P. (2009, January 29). Rebuilding America’s job machine. Business Week, http://www.business
week.com/magazine/content/09_06/b4118038654198_page_3.htm.

Etzkowitz, H. (1997). From zero sum to value-added strategies: The emergence of knowledge-based
industrial policy in the states of the United States. Policy Studies Journal, 25(3), 412—424.

Finn, R. (2002, July 26). Public lives; behind a research center, a geek with great cars. New York Times, 2 B.

Fligstein, N. (1997). Social skill and institutional theory. American Behavioral Scientist, 40, 397—405.

Frickel, S., & Gross, N. (2005). A general theory of scientific/intellectual movements. American Socio-
logical Review, 70(2), 204-232.

Fury, M., & Kaloyeros, A. (1993). Metallization for microelectronics program at the University at Albany:
Leveraging a long-term mentor relationship. In Proceedings of the Tenth Biennial University/Gov-
ernment/Industry Microelectronics Symposium. Research Triangle Park, NC, May 18-19, 1993.

Garder, K., & Rosenberg, E. (2006). Capital pork: How state politicians divvy up billions for favored capital
projects. Albany, NY: Center for Governmental Research Inc.

Geiger, R., & Sa, C. M. (2008). Tapping the riches of science: Universities and the promise of economic
growth. Cambridge, MA: Harvard University Press.

Geiger, R., & Sa, C. M. (2009). Technology transfer offices and the commercialization of university
research in the United States. In P. Clancy & D. Dill (Eds.), The research mission of the university:
Reforms and response (pp. 177-196). Rotterdam, Boston, Taipei: Sense Publishers.

Greenwood, R., & Hinings, C. R. (1996). Understanding radical organizational change: Bringing together
the old and the new institutionalism. Academy of Management Review, 21, 1022-1054.

Greenwood, R., & Suddaby, R. (2006). Institutional entrepreneurship in mature fields: The big five
accounting firms. Academy of Management Journal, 49(1), 27-48.

Hardy, C. (1994). Under-organized interorganizational domains: The case of refugee systems. Journal of
Applied Behavioral Sciences, 30, 278-296.

@ Springer


http://www.bizjournals.com/albany/stories/2002/07/29/story1.html
http://www.businessweek.com/magazine/content/09_06/b4118038654198_page_3.htm
http://www.businessweek.com/magazine/content/09_06/b4118038654198_page_3.htm

High Educ (2011) 61:193-208 207

Haveman, H. A., & Rao, H. (1997). Structuring a theory of moral sentiments: Institutional and organiza-
tional coevolution in the early thrift industry. American Journal of Sociology, 102, 1606-1651.
Hwang, H., & Powell, W. (2005). Institutions and entrepreneurship. In Z. Acs & D. Audretsch (Eds.),

Handbook of entrepreneurship research (pp. 179-210). Dordrecht: Kluwer Publishers.

Ingram, P. (1996). Organizational form as a solution to the problem of credible commitment: The evolution
of naming strategies among US hotel chains, 1986-1990. Strategic Management Journal, 17, 85-96.

Johnson, A. (2004). The end of pure science: Science policy from Bayh-Dole to the NNI. In D. Baird, A.
Nordmann, & J. Schummer (Eds.), Discovering the nanoscale (pp. 217-230). Amsterdam: IOS Press.

Leslie, S. (2001). Regional disadvantage: Replicating Silicon Valley in New York’s capital region. Tech-
nology and Culture, 42(2), 236-264.

Lohr, S. (2006, October 28). New York bets on high-tech to aid upstate. New York Times, http://www.
nytimes.com/2006/10/28/technology/28chips.html?pagewanted=1&ei=5090&en=bb34{cf6c8299241&
ex=1319688000&partner=rssuserland&emc=rss.

Maguire, S., Hardy, C., & Lawrence, T. B. (2004). Institutional entrepreneurship in emerging fields: HIV/
AIDS treatment advocacy in Canada. Academy of Management Journal, 47(5), 657-679.

Mangematin, V. (2006). Emergence of science districts and divergent technology: The case of nanotech-
nologies. Paper presented at the workshop on mapping the emergence of nanotechnologies and
understanding the engine of growth and development, Grenoble, France, March 1-3, 2006.

Mangematin, V., & Peerbaye, A. (2003). Life sciences large scale research facilities: What are the effects on
technology transfer. Copenhagen: EGOS Conference.

Mars, M., & Rios-Aguilar, C. (2010). Academic entrepreneurship (re)defined: Significance and implications
for the scholarship of higher education. Higher Education, 59(4), 441-460.

McCray, P. (2005). Will small be beautiful? Making policies for our nanotech future. History and Tech-
nology, 21(2), 177-203.

Mody, C. (2004). Small, but determined: Technological determinism in nanoscience. HYLE—International
Journal for Philosophy of Chemistry, 10(2), 101-130.

Mowery, D., Nelson, R., Sampat, B., & Ziedonis, A. (2004). Ivory Tower and industrial innovation:
University—industry technology transfer before and after the Bayh-Dole Act. Stanford, CA: Stanford
Business Books.

Mowery, D., & Sampat, B. (2006). Universities in national systems of innovation. In J. Fagerberg, et al.
(Eds.), The Oxford handbook of innovation. New York: Oxford University Press.

National Science Foundation. (2008). Survey of research and development expenditures at universities and
colleges. Arlington, VA: Division of Science Resources Statistics.

Pataki, G. (2004). State of the state address. Albany, NY: New York State Office of the Governor.

Plosila, W. (2004). State science- and technology-based economic development policy: History, trends and
developments, and future directions. Economic Development Quarterly, 18(2), 113-126.

Powell, W., & Owen-Smith, J. (2002). The new world of knowledge production in the life sciences. In S.
Brint (Ed.), The future of the city of intellect: The changing American University (pp. 107-132).
Stanford: Stanford University Press.

Pozen, D. E. (2008). We are all entrepreneurs now. Wake Forest Law Review, 43, 283-340.

Rao, H., & Singh, J. (1999). Types of variation in organizational populations: The speciation of new
organizational forms. In J. A. C. Baum & B. McKelvey (Eds.), Variations in organization science.
Thousand Oaks: Sage Publications.

Redden, E. (2007, June 5). A raise for the record books. Inside Higher Ed, http://www.insidehighered.com/
news/2007/06/05/albany.

Sa, C. M. (2008a). Interdisciplinary strategies’ in U.S. research universities. Higher Education, 55(5),
537-552.

Sa, C. M. (2008b). Strategic faculty hiring in two public research universities: Pursuing interdisciplinary
connections. Tertiary Education and Management, 14(4), 285-301.

Saxenian, A. (2006). The new argonauts: Regional advantage in a global economy (p. 42). Cambridge, MA:
Harvard University Press.

Saxon, W. (1994, April 27). James Corbett, 65, professor of physics at SUNY in Albany. New York Times,
p- 20D.

Schumpeter, J. (1934). Theory of economic development. New York: Oxford University Press.

Shapira, P., & Youtie, J. (2008). Emergence of nanodistricts in the United States: Path dependency or new
opportunities? Economic Development Quarterly, 22(3), 187-199.

Small Times University Report and Rankings. (2008, May—June). Small Times.

Small Times University Report and Rankings. (2009). Small Times. http://www.smalltimes.com/white
papers/wp.cfm?id=1378. Accessed 15 May 2009.

@ Springer


http://www.nytimes.com/2006/10/28/technology/28chips.html?pagewanted=1&ei=5090&en=bb34fcf6c8299241&ex=1319688000&partner=rssuserland&emc=rss
http://www.nytimes.com/2006/10/28/technology/28chips.html?pagewanted=1&ei=5090&en=bb34fcf6c8299241&ex=1319688000&partner=rssuserland&emc=rss
http://www.nytimes.com/2006/10/28/technology/28chips.html?pagewanted=1&ei=5090&en=bb34fcf6c8299241&ex=1319688000&partner=rssuserland&emc=rss
http://www.insidehighered.com/news/2007/06/05/albany
http://www.insidehighered.com/news/2007/06/05/albany
http://www.smalltimes.com/whitepapers/wp.cfm?id=1378
http://www.smalltimes.com/whitepapers/wp.cfm?id=1378

208 High Educ (2011) 61:193-208

State of New York. (2000, February 15). Governor Pataki, majority leader, speaker: State to provide $15
million for SUNY Albany’s 300 mm wafer pilot manufacturing facility. Press Release.

State of New York. (2001, March 14). Governor Pataki: New York Universities win high-tech research
award SUNY Albany and RPI selected for prestigious multimillion dollar research program. Press
Release.

Stephan, P., Black, G., & Chang, T. (2007). The small size of the small-scale market: The early-stage labor
market for highly skilled nanotechnology workers. Research Policy, 36(6), 887-892.

Strauss, A. (1987). Qualitative analysis for social scientists. Cambridge, UK: Cambridge University Press.

The Project on Emerging Nanotechnologies. (2010). Analysis. Available electronically: http://www.nano
techproject.org/inventories/consumer/analysis_draft/.

Weber, R. (1996). Basic content analysis (6th ed.). Newbury Park, CA: Sage Publications.

Yin, R. (2003). Case study research: Design and methods (3rd ed.). Thousand Oaks, CA: Sage Publications.

@ Springer


http://www.nanotechproject.org/inventories/consumer/analysis_draft/
http://www.nanotechproject.org/inventories/consumer/analysis_draft/

	Redefining university roles in regional economies: a case study of university--industry relations and academic organization in nanotechnology
	Abstract
	Conceptual framework
	Thin films and entrepreneurial science
	The rise of nanotechnology
	Albany nanotech and the first college of nanotechnology
	The role of research infrastructure in technology transfer
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


