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This article presents the results of a grounded theory analysis of obser- 
vation, interview, and archival data collected at SEMATECH, a re- 
search, development, and testing consortium in the semiconductor 
manufacturing industry. Three core categories of events and behaviors 
are described: (1) the factors underlying the consortium's early disorder 
and ambiguity, (2) the development of a moral community in which 
individuals and firms made contributions to the industry without re- 
gard for immediate and specific payback, and (3) the structuring that 
emerged from changing practices and norms as consortium founders 
and others devised ways to foster cooperation. We interpret results in 
terms of complexity theory, a framework for understanding change that 
has not been previously explored with detailed empirical data from 
organizations. 

Pooling resources and responding to a threat are two conventional rea- 
sons for establishing cooperative efforts (Axelrod, 1984). Both reasons un- 
derlie the foundation of the SEMATECH (semiconductor manufacturing 
technology) consortium of U.S. semiconductor manufacturers and the U.S. 
government. The 14 founding firms formed the consortium because, as an 
executive of one of the largest firms put it, engineering the recovery of the 
U.S. semiconductor industry was something no firm could do alone (Barron, 
1990). Through SEMATECH, firms could pool resources in the fight to re- 
cover market share from Japanese companies and to reestablish their supply 
and materials infrastructure, which had decayed as the U.S. market share of 
semiconductor sales dwindled (Ferguson, 1988). Market analyses predicted 
that by 1993, the U.S. market share, once at 85 percent, would shrink to 20 
percent (SEMATECH, 1992a). The U.S. Department of Defense contributed 
to the consortium, because foreign control of essential computing resources 
threatened the future military and economic security of the United States 

We would like to thank David Hime, for logistical help with preparing this article, and 
several anonymous reviewers at the Academy of Management Journal and Harry Trice, for their 
helpful comments and suggestions. 
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(Defense Science Board, 1986). This threat became increasingly worrisome 
in the 1980s, as the Soviet Union and its military power dissolved and Japan 
grew into a global economic power. 

Before SEMATECH was formed, the U.S. semiconductor industry con- 
formed to the neoclassical ideal of free market competition, in which indi- 
vidual firms' pursuit of their own goals leads to the efficient and productive 
use of resources (Etzioni, 1988). The notions of free markets and unremitting 
competition pervade U.S. culture, especially among businessmen, and are 
embodied in U.S. laws and regulations. "This competitive ethos makes co- 
operation across sectors or organizational boundaries very difficult. Until 
recently, only great national crises such as world wars have suppressed 
these competitive tendencies" (Trice & Beyer, 1993: 352). Early attempts at 
industry-level lobbying for trade restrictions against Japan failed because of 
lack of consensus within the semiconductor industry over objectives (Yoffie, 
1988). 

Proprietary standards were a powerful competitive weapon in the semi- 
conductor industry. Disputes over proprietary standards led to long-drawn- 
out battles in court; those between Advanced Micro Devices and Intel are the 
best known. Analyses have shown that, in industries with rapidly changing 
technologies, proprietary standards create an intense level of competition 
fueled by the law of increasing returns: the "firstest with the mostest" gets 
farther and farther ahead (Arthur, 1990; Ferguson & Morris, 1993). 

What is novel and theoretically interesting about SEMATECH, then, is 
that it offers insight into how cooperation can arise and persist in a highly 
competitive industry. We knew at the outset of this research that the con- 
sortium had achieved a minimal level of cooperation because it was in fact 
established and member companies had contributed financial and other re- 
sources to its support. We also knew that the consortium had both admirers 
and detractors. We did not design our study to resolve this disagreement 
over SEMATECH's effectiveness. Rather, we sought to derive some under- 
standing of the factors that give rise to or impede cooperative relations 
among organizations, groups, and individuals (Gray & Wood, 1991; Ring & 
Van de Ven, 1994). 

Because the reported research was carried out as a qualitative inductive 
study, the format of this article differs somewhat from the formats generally 
used in reporting quantitative research. The next section presents back- 
ground information on the research setting, including a brief overview of 
research on consortia and a brief history and description of SEMATECH. In 
the following section, we describe how we tailored our methods to this 
setting. We next provide an overview of research on cooperation and com- 
petition that informed our data analysis. Our results follow; they are sum- 
marized within core categories that emerged from our grounded theory anal- 
ysis. Next comes a discussion section in which we interpret our results in 
terms of complexity theory. We end with some implications of our findings 
for research and practice, and some general conclusions. 
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RESEARCH SETTING 

Research on Consortia 

Very little organizational data on U.S. research consortia has been col- 
lected since they became possible under the Cooperative Research Act of 
1984. Research on the Microelectronics Computer Cooperation (MCC), SE- 
MATECH's most renowned predecessor, concluded that its attempts to re- 
alize returns on investments by transferring R&D technology projects to the 
marketplace were not completely successful and that the main lessons 
learned from the MCC experiment were the value of collaboration and 
shared technology (Gibson & Rogers, 1994). This conclusion may be prema- 
ture, however, since the cycle for the commercialization of basic research 
runs for 15 to 20 years from the time of its invention. Another study of four 
consortia, including MCC (Evan & Olk, 1990), focused on managerial prob- 
lems stemming from their separate locations and changing memberships. A 
survey of U.S. and Japanese consortia found that they differed substantially 
in structure, with U.S. consortia using a wider variety of mechanisms and 
being generally more active in information exchange (Aldrich & Sasaki, 
1993); an earlier report of results from the same data set indicated that 
Japanese consortia were much more likely to conduct research in member 
firms than were U.S. consortia (Aldrich & Sasaki, 1994). 

The current research focused on rather different issues: how the 
SEMATECH organization emerged out of the combined, cooperative efforts 
of many members of the rather diverse set of its founding companies, and 
how the consortium's formation and activities enabled and encouraged co- 
operation throughout the semiconductor industry. 

Background Information on SEMATECH 

Founding, mission, and structure. In 1987, SEMATECH was jointly 
founded by 14 firms that then accounted for 80 percent of the semiconductor 
manufacturing industry (SEMATECH, 1992b) (Table 1) and by the U.S. gov- 
ernment. Its mission was stated as follows: "To provide the U.S. semicon- 
ductor industry the capability of achieving a world-leadership manufactur- 

TABLE 1 
SEMATECH's Founding Companies 

Advanced Micro Devices LSI Logica 
AT&T Microelectronics Micron Technologya 
Digital Equipment Motorola 
Harris Corporationa National Semiconductor 
Hewlett-Packard NCRb 
Intel Rockwell International 
International Business Machines Texas Instruments 

a This company left SEMATECH when its membership obligation ended in 1991. 
b NCR became part of AT&T after SEMATECH was founded. 
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ing position by the mid-1990's" (Peterman, 1988). At least three strategies 
emerged in the early days of SEMATECH: to improve the industry infra- 
structure, especially the supply base of equipment and materials; to improve 
manufacturing processes; and to improve the management of factories (Pe- 
terman, 1988). These strategies were to be realized through cooperative re- 
search, development, and testing projects (SEMATECH, 1987). 

Although all were approached, not all firms in the industry agreed to 
participate.1 The 14 founding firms agreed to provide financial and person- 
nel support to the effort for five years, with each firm's contribution to be 
proportional to its sales of semiconductors.2 The plan called for SEMATECH 
to receive $100 million annually from the member companies. The U.S. 
government agreed to match that sum, so that SEMATECH ended up with a 
planned operating budget of $200 million annually and $1 billion over the 
five-year period.3 SEMATECH actually spent about $990 million during that 
period (General Accounting Office, 1992). Clearly, this was a substantial 
commitment on the part of both the industry and the government. 

SEMATECH was officially chartered in 1987 and temporarily set up in 
offices in Santa Clara, California. In mid-1988, it moved to Austin, Texas, 
where it occupies a site leased from the University of Texas that includes a 
four-story office building and a small fabrication plant (Peterman, 1988). The 
number of personnel assigned to SEMATECH from the member companies 
has varied, averaging about 200 at any one time. Typically, assignees have 
worked about two years at SEMATECH. Other employees, called direct 
hires, provide support and administrative services. The total work force 
hovered around 600 in the years 1989-91. It has recently grown to over 800. 

The official SEMATECH mission is updated annually, but certain spe- 
cific technical goals were evident from the beginning. It seemed obvious that 
for the U.S. industry to remain competitive, it had to do two things: increase 
the number of usable chips that could be manufactured from each wafer of 
silicon and make each chip capable of doing more.4 SEMATECH launched 
efforts to do both, but its main cited achievements have been in finding ways 
to pack features onto chips. The chosen means for doing this was to reduce 
the width of the circuit lines that are etched on chips. The historical devel- 
opment in the semiconductor industry has been toward smaller chips with 
greater power. Responding to this trend was clearly a necessary basis for 
future competitiveness. 

The organization of SEMATECH evolved over time, usually by adding 
new ways for member companies to collaborate or make inputs into the 

1 For example, Cypress Semiconductors, whose chief executive, T. J. Rogers, has been a 
persistent critic of the consortium, did not join when approached. Another firm that was asked 
but did not participate was Delco. 

2 Each contributed 1 percent of its annual semiconductor sales, with a cap of $1.5 million. 
3 Delays in the start-up and other areas led to some departures from this planned budget. 
4 A wafer is the large output (up to six inches in diameter) of the fabrication process and 

contains many chips. 
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consortium's decisions. From the beginning, certain general governance 
structures were used to channel inputs from member companies into the 
consortium. A board of directors, composed of high-level executives from 
member firms, sets general policy and hires the chief executive officer 
(CEO). An executive technical advisory board sets general priorities for re- 
search, development, and testing activities within the consortium. Several 
technical advisory boards approve and advise on specific projects working 
within the general guidelines set by the executive board. These advisory 
boards are composed exclusively of representatives from member compa- 
nies. In addition, a variety of task forces, councils, and other groups have 
grown up to address and advise SEMATECH on such issues as total quality, 
supplier relations, and technology transfer. Overall, a structure and method 
emphasizing joint problem solving through meetings pervade the organiza- 
tion. 

SEMATECH borrowed structures from elsewhere in the industry as it 
developed. Sometimes the structures were deliberately patterned on what 
top management considered the best practices; sometimes assignees intro- 
duced them to meet certain task requirements. Three basic features of the 
structures have proved to be durable, in the sense that they were begun 
under the initial CEO's leadership and have persisted since his successor 
took over. The first is that the top three executives operate as a team, called 
the Office of the Chief Executive (OCE). The three confer frequently, attend 
important meetings together, and generally work closely together. A second 
feature is that SEMATECH has only three levels of management under the 
OCE-directors, managers, and project managers. The third is that the em- 
ployees in SEMATECH are organized into project teams that work within 
designated thrust areas; some thrusts are technical, others are "enabling." A 
technical thrust might concern manufacturing and metals, an enabling 
thrust, technology transfer. 

Struggles and achievements. All start-up operations involve difficulties 
(Mintzberg, 1983), and SEMATECH had a particularly tumultuous begin- 
ning. First came a year-long effort to locate a CEO to lead the organization, 
which ended with the appointment of Bob Noyce (see Table 2).5 Because 
Noyce was so widely respected and admired in the industry, his appoint- 
ment was probably important for attracting able employees from the member 
companies to SEMATECH. Reports of his behaviors and the reactions of 
many SEMATECH employees indicate that he exhibited most of the qualities 
of a charismatic leader (Trice & Beyer, 1992, 1993). Next, within the first six 
months a rift developed and grew between Noyce and Paul Castrucci, the 
chief operating officer (COO) the board of directors had selected. Noyce had 
not met Castrucci prior to accepting the CEO position, and their difficulties 

5 Table 2 identifies the key people named in this account. We use nicknames in keeping 
with the informality of SEMATECH's culture, which is described herein. The Appendix gives 
a year-by-year chronology of important events at SEMATECH. 
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TABLE 2 
Key Participants Mentioned in Texta 

Participant 

Craig Barrett 

Paul Castrucci 

Bill Daniels 

Bob Galvin 

Bill George 

Sam Harrell 

Turner Hasty 

Sandy Kane 

Peter Mills 

Gordon Moore 

Bob Noyce 

Jerry Sanders 

Bill Spencer 

Charlie Sporck 

Dean Toombs 

Role 

Vice president and director of manufacturing at Intel and a member of 
the board of directors of SEMATECH. 

First chief operations officer; resigned over management conflict with 
Noyce. 

A private consultant; had worked for Intel on meeting management. 

Chairman of the board of directors at this writing. 

Chief operations officer at this writing; first assignee (from Motorola) 
to hold an executive office. 

First president of SEMI/SEMATECH, the U.S. supplier association 
organized out of the international supply association; in 1993, 
became the first vice president for strategy at SEMATECH. 

Member of the start-up team of 44 in Santa Clara; later chief 
operations officer under Noyce; acting chief executive officer after 
Noyce's death. 

A vice president at IBM; chairman of the site selection committee for 
SEMATECH. 

Originally a member of the Chamber of Commerce team that brought 
SEMATECH to Austin, Texas; invited by Noyce to serve as his chief 
administrative officer. 

Founder and president of Intel; member of the board of directors of 
SEMATECH. 

Founder of Intel; first president and CEO of SEMATECH. 

President and CEO of Advanced Micro Devices; Member of the board 
of directors of SEMATECH. 

Present CEO of SEMATECH; former group vice president and senior 
technical officer for the Corporate Research Group at the Xerox 
Corporation. 

CEO and president of National Semiconductor; early chairman of the 
board of SEMATECH, known as the father of SEMATECH. 

Sent by Intel to transfer equipment certification program to 
SEMATECH. 

a Where no other firm is specified, offices and positions mentioned are at SEMATECH. 

in reaching agreement resulted in the COO's resignation. Then, only two 
years later, in June 1990, organization members experienced the shock of 
Noyce's sudden death and the loss of their charismatic leader. Just a few 
months later, SEMATECH employees had to adjust again, to a new CEO, Bill 
Spencer, who was recruited from outside the member companies of 
SEMATECH. 
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Despite the turbulence of the first three years, the organization met its 
demonstration milestones of finding ways to reduce the size of the lines 
etched on chips in three phases. Phase 1 achieved .80 micron etched lines on 
manufactured chips by March 1989. By the end of phase 2 in October 1989, 
the line size was decreased to .50 micron. By December 1992, SEMATECH 
was able to announce that it had completed phase 3 by reducing the etched 
lines to .35 micron. Also by the end of 1992, the semiconductor industry 
had stopped the free fall in market share that had been occurring five 
years earlier and had begun to regain market share from the Japanese 
(SEMATECH, 1992a). 

This reversal of fortune for the semiconductor industry has been attrib- 
uted to several factors, including U.S. trade restrictions, the increasing im- 
pact of Korean manufacturing competition on the Japanese, the recession 
in Japan in the 1990s, and the efforts of SEMATECH (Financial Times, 
1993). Any effects of SEMATECH would, of course, have been indirect. 
SEMATECH's role is to develop new manufacturing technologies and meth- 
ods and transfer them to its member companies, which can thereby presum- 
ably manufacture and sell improved chips. SEMATECH's precise contribu- 
tion to the market recovery is therefore extremely difficult to assess. What 
matters, however, in the context of this research, is that 11 of the original 14 
member companies and the U.S. government agreed to extend their mem- 
bership in SEMATECH for a second five-year period and committed them- 
selves to new and expanded goals. Their continued commitment to 
SEMATECH indicated that they believed that SEMATECH had achieved 
something worth their investments. As Craig Barrett of Intel told us, "I judge 
SEMATECH by results. The organization set out to recover market share 
from Japan; five years later, market share has been recovered. At Intel we call 
that a results-oriented, successful project." 

METHODS 

This study employed qualitative methods because we wanted to capture 
the development of cooperation in this organization in the rich detail that 
only accounts of the organizational founders and early participants could 
provide. 

Sampling 

As is appropriate in qualitative research, theoretical sampling was used 
(Glaser, 1976; Glaser & Strauss, 1967). To assure that our data came from all 
levels of SEMATECH and especially, that information from lower-level em- 
ployees would inform the study, we invited all employees to participate in 
the study via SEMATECH's E-mail system. Six individuals volunteered and 
were interviewed during the first two months of the study. We subsequently 
interviewed 54 founding and current leaders, selecting initial interviewees 
by reviewing records and asking those individuals to identify others. Those 
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interviewed included 14 industry executives, 8 SEMATECH executives, 12 
SEMATECH assignees, 14 SEMATECH direct hires, and 6 industry experts.6 
Data Collection 

Interviews, which were private and conducted face-to-face,7 were struc- 
tured to begin with brief professional histories of the interviewees and a 
description of how they and their firms became involved in SEMATECH. 
These narratives lasted approximately 10-15 minutes and were used as 
bases for follow-up questions for the remainders of the interviews. The in- 
terviews ranged in length from 25 to 120 minutes and were audiotaped and 
transcribed for analysis.8 Throughout data collection, we had the advantage 
of access to Turner Hasty, a key informant who gave several additional 
interviews. Hasty had worked on the original SEMATECH formation group 
of 44 in Santa Clara, California, and was COO under both Noyce and Spencer 
and the interim CEO following Noyce's death. 

We also reviewed, with Hasty, documents in ten bank boxes of organ- 
izational archives from the files of key early executives and the collection of 
the SEMATECH librarian. In addition, we read, sorted, and abstracted over 
5,000 reports and news articles on SEMATECH identified from a full-text 
LEXIS computer search and stored these abstracts in text files by topic. We 
worked with the SEMATECH librarian to develop a timeline of events from 
this material. The product of this review was a 25-page chronology of 
SEMATECH history. In addition, we observed and recorded the behavior of 
organization members at 15 SEMATECH meetings conducted in 1992 and 
1993. 

Data Analysis 
Given an opportunity to analyze a novel and apparently successful in- 

stance of interorganizational cooperation, we wanted both to develop a theo- 
retically interesting example and to identify behaviors and strategies that 
might be applicable to other interfirm settings. We chose grounded theory 
methodology (Glaser, 1976; Glaser & Strauss, 1967; Strauss, 1988) primarily 
because we aspired to derive new theoretical insights from the data we 
gathered on this unprecedented and unique effort at building cooperation. 

We coded the transcripts using constant comparative analysis in which 
each incident was assigned to an emergent open coding scheme (Strauss & 
Corbin, 1990: 61-74) until all interviews had been coded (Browning, 1978). 
Two of us jointly produced 130 codes and subsequently reduced these into 
increasingly abstract categories through axial coding (Strauss & Corbin, 
1990: 96-115); this stage of the analysis produced 24 categories. In a process 
of selective coding (Strauss & Corbin, 1990: 116-142), we further collapsed 

6 Four people were interviewed twice and one was interviewed three times, for a total of 66 
interviews from 60 people. 

7 There was one exception, an interview completed by phone. 
8 Interviews with key founders were also videotaped for the historical archives at 

SEMATECH. 
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and renamed the categories to yield the 17 categories presented in Table 3 
and described in the Results section. 

Although all sources of data proved useful for cross-checking purposes, 
the 66 interviews were the primary source of data for this report. Archival 
and observational data are used here to verify and provide context to the 
reports of the interviewees. As it turned out our interviewees-especially 
the engineers, chemists, and physicists who had played a role in the devel- 
opment of SEMATECH-had surprisingly clear recall about what had hap- 
pened and were quick to verify events, dates, and outcomes from planning 
calendars and documents. The few apparent discrepancies of fact that arose 
were reconciled through additional interviews with the original informants 
involved. 

Validity 

The processes involved in the constant comparative method we used in 
this study include internal checks on the validity of the data (Kirk & Miller, 
1986). As data are collected and coded, investigators develop conceptual 
categories, and tentative hypotheses about them emerge. Questions about 
certain matters of fact will also arise as important to understanding and 
interpreting the data. The investigators can then collect additional data to 
test the bounds of conceptual categories, matters of fact, and tentative hy- 
potheses from additional informants or from other sources of data.9 As the 
research proceeds and new data are collected, they are constantly being 
compared to prior data in terms of categories and hypotheses. When new 
data yield new or inconsistent information, conceptual categories and the 
emerging theory are modified to take them into account. This process is 
repeated until theoretical saturation is reached: until no new categories are 
emerging and no new information inconsistent with the categories and ten- 
tative hypotheses is being generated (Glaser & Strauss, 1967; Strauss & 
Corbin, 1990). In a sense, the constant comparative method involves multi- 
ple testing of the "hypotheses" incorporated into the final "theory." 

Our methods also permitted some within-method and between-methods 
triangulation. We could compare the data obtained from interviews with the 
data available from newspapers, documents, and our observations. We also 
employed a kind of time triangulation in which some information obtained 
from those involved in SEMATECH early in its history could be compared 
with that available from more recent participants. In addition, one of us was 
an independent investigator who had studied the same setting with similar 
methods but different research aims. Data from this second study, which 
included observations of SEMATECH events and over a hundred interviews 

9 For example, when someone reported to us that the secrecy issue had been resolved early, 
we asked other informants if any firm had shared secrets they later regretted sharing. None were 
reported. When it appeared to us that firms were alternating contributions of top management 
talent, we asked one firm why it had lent a key executive to SEMATECH. The executive 
answered that is was that firm's turn. 
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with assignees at SEMATECH from 1992 and 1994, were employed in the 
present study to confirm and refine our interpretations of several key points, 
particularly those regarding the levels of cooperation among assignees and 
member companies. 

As was mentioned, two of us independently coded all the interview 
data, then compared the coded categories for overlaps and disagreements 
and arrived at a common set of categories, which was then used to recode all 
the data. This process helped to assure that the coders interpreted the data 
similarly and did not miss relevant information. We employed similar 
checking and reconciliation processes during axial coding. The remaining 
author participated in the selective coding stage, playing the role of ques- 
tioner and devil's advocate. At this final stage of coding, we changed no 
categories but merged several; we also renamed many categories to fit the 
emerging theory and clarified the relationships among some. 

In qualitative research, the primary checks on validity are among infor- 
mants and between them and archival sources. Only data that were consis- 
tent across informants and sources are reported here. To further verify the 
accuracy of our statements and interpretations, we submitted this article to 
the standard document review process at SEMATECH. In the course of this 
process, the consortium's current CEO, its director of communications (who 
had been a member of the organization throughout most of SEMATECH's 
history), its librarian, and its archivist read the article. In addition, our key 
informant, Turner Hasty, reviewed the manuscript in detail. We made a few 
minor corrections in response to the suggestions of these people. 

Before presenting our results, we briefly discuss the literature on coop- 
eration and competition that informed our analysis. 

COOPERATION AND COMPETITION 

As polar opposites, the concepts of cooperation and competition to a 
degree define each other. Cooperation and competition coexist in a system 
highly susceptible to change. Computer simulations show that a disturbance 
of only 2 percent is enough to move rational players from cooperation to 
competition; simulations of the "prisoner's dilemma" game have consis- 
tently shown that a domino effect results from a single player's defections 
(Axelrod, 1984). Perhaps more surprising is that the converse is also true- 
in computer simulations, when 2 percent of the actors are "hard core un- 
conditional givers," noncooperation becomes cooperation (Kondo, 1990: 
523). 

Competition exists when resources are defined as scarce, when the re- 
lationship between the players is defined as a "win-lose" one, and when 
winning is measured in terms of the differences between what the players 
have (Bendor, Kramer, & Stout, 1991). Competition involves not only con- 
trolling scarce resources, but also defining the relationship as including no 
future interactions or interdependence (Axelrod, 1984). Competition often 
invokes the use of strategy, with one player estimating the reaction of the 
other player to his or her action (Gray & Wood, 1991). 

122 February 



Browning, Beyer, and Shetier 

In contrast, cooperation occurs when people or groups act together in a 
coordinated way to pursue shared goals, enjoy an activity, or simply further 
their relationship (Argyle, 1991: 4). Cooperation usually involves not only 
the coordination of activities but also the sharing of the benefits that emerge 
from the cooperation (Deutsch, 1993). Cooperation is also said to exist when 
behavior "maximizes both the individual's and others' interests, whether the 
situation involves correspondent or noncorrespondent interests" (Derlega & 
Grzelak, 1982: 3). It is possible to structure conditions that lead to cooper- 
ation (Cardinal, 1990), but some degree of constructive conflict is often use- 
ful. Individuals engaged in truly cooperative behaviors tolerate conflict and 
use real-time communication (Vaill, 1980) and individual give-and-take dis- 
cussions to reach productive outcomes (Deutsch, 1993). Finally, a coopera- 
tive relationship casts a "shadow of the future": parties treat each other as 
though their future relationship counted (Axelrod, 1984). 

Both cooperation and competition figure in the story of SEMATECH. In 
our results, various aspects of these concepts become evident. 

RESULTS 

Our analyses suggest that three sets of social conditions enabled the 
development of cooperation within the semiconductor industry and 
SEMATECH. They were (1) early disorder and ambiguity, (2) emergence of a 
moral community, and (3) structuring of activities. These conditions 
emerged as the core categories of our analysis (Strauss & Corbin, 1990); each 
contributed to cooperation in various ways, as reflected in the selective 
categories listed in Table 3. As is evident from the table, some coding cate- 
gories are relevant to more than one core category. 

Early Disorder and Ambiguity 

The early days of any new organization are difficult because of the 
uncertainty surrounding norms, roles, strategies, and structures. These un- 
certainties mean that people experience a lack of order-they don't know 
how things fit together. For example, they do not know what is important to 
do or what is important about how they do it. Lacking an existing social 
order to structure their efforts, people have the opportunity to innovate, 
either accidentally or deliberately. Weick (1979) conceptualized the orga- 
nizing process as moving from equivocality to structure. Thompson (1967) 
pointed out that organizations thrive on uncertainty by removing it. 

The selective categories in this core category describe both the state of 
disorder characterizing SEMATECH in its early days and some key strategies 
members devised for coping with that disorder. 

Early equivocality. During the formation of SEMATECH, member com- 
pany representatives participated in a series of workshops charged with 
setting technical objectives for the consortium. The end product of this "bot- 
tom-up" planning was a wish list containing something for everyone-more 
objectives than the consortium could conceivably fund or accomplish 
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TABLE 3 
Coding Themes and Core Categories 

Core Categoriesa 

Early Disorder Moral 
Coding Categories and Ambiguity Community Structuring 

1. Early equivocality X x 
2. Mixed conceptions of culture X x 
3. Valuing continued change X x 
4. Constructive conflict X x 
5. Indirectness X x 
6. Prior social ties X x 
7. Inclusiveness X x 
8. Unconditional giving x X x 
9. Self-amplifying reciprocity x X 

10. Manifold contributions x X x 
11. Within-firm communication X x 
12. Public actions X x 
13. Faith in the outcome x X x 
14. Openness x x X 
15. Meetings x X 
16. Creating new structures x X 
17. Standards x X 

a X = central to core category; x informs core category. 

within its designated five-year life span. When Noyce became CEO, one of 
the tasks he faced was to pare down this list into a set of achievable goals. 
Noyce was too supportive of people and too enthusiastic about SEMATECH's 
mission to be good at this task, and eventually it was Hasty who sold Noyce 
on a smaller set of objectives, one of which was providing substantial tech- 
nical assistance to the supplier industry. However, once assembled, the wish 
list was a social fact, and keeping people's interests and efforts focused on the 
second, narrower set of objectives continued to be a point of contention over 
the five-year period. For example, differences over the goals of SEMATECH 
were highly visible at meetings we observed in the summer of 1992. 

After its move to Austin, the SEMATECH organization grew rapidly, but 
positions were filled unevenly. As one early assignee told us, people were 
coming in at all different levels. Some people in high-level positions had 
only 1 person reporting to them; others in lower-level positions had 50 
people reporting to them. These circumstances created ambiguity about in- 
dividual identity and status. A story told by one early direct hire illustrates 
this situation very well: An employee expressed his anxiety about his lack of 
a job title to Noyce at a meeting; the CEO jokingly replied that people could 
invent their own job titles if they wanted to. Some people subsequently did. 
Their doing so suggested that, even when the invented titles were humorous, 
employees felt a lack without them. Noyce also effectively discouraged the 
compilation or use of internal organizational charts. Those that existed were 
compiled to meet the demands of external constituencies. 
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The early selection of assignees was conducted through means such as 
postings on bulletin boards at member companies. In some instances, the 
assignees who went to SEMATECH were the people who had asked for 
permission to go rather than those who were needed for mission-related 
tasks. Under these circumstances, many informants agreed, everyone sus- 
pected that those permitted to go were those who would be missed least by 
their parent organizations. This common suspicion made many assignees 
wonder what being assigned to SEMATECH meant about how their compa- 
nies valued them. Another result of this informal selection process was that 
many came to Austin to get support for pet projects for which they could not 
get backing in their parent firms. The mix of private agendas, new faces, and 
an equivocal structure made the early experience of SEMATECH chaotic. 
This noisiness in the internal environment made cooperation highly valued 
when it arose (Bendor et al., 1991). 

Mixed conceptions of culture. Because they were drawn from so many 
different companies, the assignees naturally saw their industry and work 
somewhat differently. Some came from companies with distinctive, strong, 
celebrated cultures. Others came from companies with weaker or less evi- 
dent cultures. One of the early techniques SEMATECH used to bridge the 
cultural differences assignees brought with them was to compile a dictionary 
of technical terms and acronyms. Before this attempt at standardization, 
many firms prided themselves on having unique names for things. The dic- 
tionary has been updated six times since 1988, when the first edition was 
prepared. 

Many of the early participants in SEMATECH felt that they could not 
afford the luxury of working on the culture because they "needed to do it like 
Marines hitting the beach," in the words of Sam Harrell, vice president for 
strategy. The fixed duration initially set for SEMATECH's existence created 
a deadline by which a wide variety of ambitious plans were supposed to be 
realized. Bill Daniels, a consultant, told the top management at SEMATECH 
that is took three to four years to build a culture.10 Other participants felt 
that it was impossible to build a culture with assignees, who formed the 
operating core of SEMATECH, coming and going all the time. Bill Spencer, 
the consortium's CEO at the time of this writing, said that "managing 
SEMATECH was like managing a parade." 

These remarks imply a conception of culture as relatively permanent 
and consciously created and managed. What they miss is that SEMATECH 
was, from the beginning, a highly normatively charged organization with a 
strong sense of mission. In other words, it embodied a set of ideas around 
which a culture could coalesce. All that was needed to make a culture grow 
was cultural leadership and appropriate cultural forms (Trice & Beyer, 
1993). 

10 Bill Daniels was an intellectual grandchild of Rensis Likert, from whom Daniels's chief 
mentor had learned his consulting skills (cf. Likert, 1967). 
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Our data indicate Bob Noyce was very much a cultural leader; his ac- 
tions fostered an open and egalitarian organizational culture. A frequently 
repeated story told how Noyce, on arriving at SEMATECH to assume the 
position of CEO, took off his tie as soon as he entered the building. Thus, he 
signaled that this would be a hardworking, informal organization. All the 
staff members who accompanied him immediately followed suit. Noyce also 
supported the practice of dress-down Fridays, which was common in much 
of the industry, at SEMATECH.11 Another symbol of the democratic values 
Noyce practiced was that everyone, including himself, had open offices. 
Relatively low partitions separated one person's work area from another's. 
Also, there were no designated parking spaces. Hasty and Mills willingly 
followed Noyce's egalitarian example. Another factor that helped to rein- 
force a democratic and open culture in SEMATECH's formative years was 
the ambiguity of assignees' prior and current statuses. The egalitarian cul- 
ture in turn fostered participation and cooperation by treating all contribu- 
tions as potentially valuable. 

Valuing continual change. SEMATECH early developed a meta- 
criterion for judging how to respond to deteriorating conditions in the in- 
dustry. Leaders expressed this standard through the watchword phrase, "If 
it's not competitive, change it." The phrase emphasizes rationality and cau- 
sality by specifying "competitive" as a standard and naming an action 
step-change it. This phrase also tied the member companies and their 
suppliers together in a "community of fate" (Sabel, 1993: 1135). If they did 
not change, their industry would disintegrate. Sam Harrell summarized the 
challenge: "SEMATECH empowered every member company, every sup- 
plier, and every device-manufacturing business to change their own prac- 
tices.... Everybody had to take a stark look at the gallows in 1987 and say, 
'I'm willing to make the changes required for the gallows to be for someone 
else.' " 

One of the routes chosen to make the industry more competitive was to 
develop and continuously raise standards. The old criterion, lowest cost, 
was shown to be inappropriate in the competitive environment U.S. firms 
faced. A switch was made to a total-cost-of-ownership criterion, which took 
into account installation costs, servicing costs, reliability during manufac- 
turing, and the technological life of a product. Applying this criterion meant 
that suppliers had to worry about what manufacturers needed and manu- 
facturers had to cooperate by telling them. Interdependence, a motivation for 
cooperation, became much more evident (Deutsch, 1993). The new criterion 
also embodied dynamism-people came to accept the idea that standards 
were ever-changing and that what was competitive today would not be 

11 Many firms in the computer industry allow informal dress like blue jeans, sports shirts, 
and tennis shoes all of the time for people in jobs that don't involve contact with customers. 
Dress-down Fridays generally allow this dress for everyone. At SEMATECH, Noyce himself 
followed this practice while on site. 
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competitive tomorrow. SEMATECH could never rest on its laurels; the re- 
quirement for change was constant. 

Constructive conflict. Hornstein (1982) showed the value of the atten- 
tion and recall that people use when a structure is in flux. In the absence of 
structure, the people at SEMATECH wrote their own job descriptions and, as 
already mentioned, sometimes conferred titles on themselves. When Turner 
Hasty tried to structure various research projects into an overarching man- 
agement plan, as Bill Daniels had advised him to do, he provoked a lot of 
hostility and infighting. Hasty then checked back with Daniels to see if this 
was what the consultant had expected. Hasty was reassured by the consul- 
tant that conflict needed to come out and be resolved before members could 
learn how to cooperate. 

The meeting management skills that Intel contributed to SEMATECH 
included a specific technique for addressing conflict, the constructive con- 
frontation technique. When using this technique, any person at any level 
could criticize an idea as long as the criticism was not personal. This prac- 
tice had the effect of limiting the ego involvement in disagreements and 
making them easier to resolve. It also made subsequent cooperation easier. 

Indirectness. When uncertainty was especially great, openness, direct- 
ness, and specificity did not always help SEMATECH participants to reach 
decisions. Some key events reflected leaders' use of indirectness to structure 
events in ways that were not obvious to most participants in the events. This 
indirectness, which was especially valuable during the formation period, 
resembles what Weick (1977: 43) called play. 

One early and potentially divisive decision was the choice as to where 
SEMATECH's permanent site would be. SEMATECH had funded a program, 
Centers for Excellence, that supported research at the top ten engineering 
schools in the United States, including schools in the population-rich states 
of California, Florida, New York, and Texas. The legislators from these states 
were active supporters of SEMATECH funding. The selection of the head- 
quarters site was a delicate political issue. Sandy Kane, an IBM vice presi- 
dent, explained to us that he volunteered to assume the chairmanship of the 
site selection committee because of his concern that others at IBM would 
lobby to sell some of the real estate the company owned to the consortium as 
a site. He felt that his being chair of that committee signaled others within 
IBM that it would be extremely inappropriate for them to try to sell any of 
their vast and widely dispersed holdings to SEMATECH. 

Another example of how indirectness was effective in the early days of 
SEMATECH was Turner Hasty's method of inducing engineers to participate 
in decisions. One early instance we were told about began when he took 
them a plan based on theoretical estimates that he knew needed greater 
specificity to be of value. He figured that the engineers, if approached di- 
rectly, would not volunteer information on how the plan needed to be im- 
proved because, at this point, assignees were still keeping secrets. In pre- 
senting the theoretical plan at a meeting, he depended and played on the 
engineers' natural inclination to be critical and unwilling to let a fellow 

1995 127 



Academy of Management Journal 

engineer's work go by if it was wrong. They tore his theoretical model apart 
and in so doing, gave him the information he sought. As Bill Daniels, ob- 
served, Hasty had "cat's whiskers," an acute sense for detecting and finess- 
ing problems. 

Another example of indirectness was Bob Noyce's habit of speaking in 
questions: one interviewee estimated he asked five questions for every direct 
statement he made. Noyce was a curious genius who liked to hear about 
almost any topic. This curiosity and his general interpersonal style made 
him very approachable. His attentive listening also was a form of coopera- 
tion (Deutsch, 1993). These qualities empowered people to act on the clarity 
they gained from conversations with Noyce. As Ann Bowers Noyce, his wife, 
and a semiconductor industry executive, commented, "Bob just assumed a 
person would act on what needed to be done." People came out of conver- 
sations with him with the notion that Noyce expected them to go out and "do 
something wonderful." Because people wanted to please Noyce, they were 
"motivated by the expectation of emotionally-prompted social approval" 
(Hollander, 1990: 1157). In this way, Noyce's curiosity indirectly increased 
individual commitment and cooperation. 

Summary. Perhaps the most basic condition that created ambiguity for 
SEMATECH was the inherently unstructured mission of the organization, 
which was no less than to revitalize the U.S. semiconductor industry. No one 
knew exactly how to do this, and experimental actions were therefore tol- 
erated and valued. Changes in practices appeared to be imperative. Thus, the 
organization grew around the central idea that change was inevitable, must 
be confronted, and must be anticipated. The criterion that guided decision 
making was the need to change everything that was not competitive in the 
international market. Because SEMATECH was a new venture, no one had 
had the same experience before, and uncertainty and disorder could not be 
avoided. Indirectness and various other devices for limiting conflict and 
chaos provided some continuity and redirected energy when needed. Key 
inputs into the organization's emergence from disorder were the contribu- 
tions of its early leaders. 

Moral Community 

Cooperation arises through normative processes. As Deutsch (1993) 
pointed out, one requirement for cooperation is community members' will- 
ingness to attend to the well-being of all other members. Sociologists have 
argued that communities generate, preserve, and reinforce moral inclina- 
tions. As Etzioni wrote, "Communities speak to us in moral voices. They lay 
claims on their members" (1988: 31). Etzioni defined the moral community 
as one with a sound moral and emotional underpinning: a community per- 
ceived as a " 'We' rather than as an imposed, restraining 'they' " (Etzioni, 
1988: ix-x). Cooperation and moral community coexist in a reciprocal and 
self-reinforcing relationship. To create a consortium in the semiconductor 
industry, leaders had to behave as members of a community with the super- 
ordinate goal of preserving their industry. 
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Prior social ties. Many of the early supporters of the idea of a consor- 
tium within the semiconductor industry had long-term personal relation- 
ships (Rogers & Larson, 1984). Charlie Sporck told us that he, Bob Noyce, 
Jerry Sanders, and Gordon Moore had worked together at Fairchild Semi- 
conductors and exchanged family visits, experiences that provided a foun- 
dation of mutual trust and respect. These conditions in turn helped to give 
what they said to each other credibility and lowered the barriers of secrecy 
between them. Their shared work experiences had also been very positive; at 
Fairchild, they had founded an industry that changed the nature of electron- 
ics worldwide (Rogers & Larsen, 1984). The long-term bonds between these 
industry leaders allowed them to serve as catalysts for revival and reform of 
the industry. Their social ties contributed a base of common values and 
social similarities that facilitated interactions and communications. 

Inclusiveness. Cooperative communities cannot be established if 
some members are excluded or relegated to out-groups (Deutsch, 1993; 
Mauss, 1967). By the time of its official formation, SEMATECH included 14 
firms that accounted for 80 percent of U.S. semiconductor manufacturing 
(SEMATECH, 1992b). When three small firms later withdrew, SEMATECH 
still included 75 percent of the industry (SEMATECH, 1992b). Sandy Kane 
reported that, when the SEMATECH mission had been hammered out, Char- 
lie Sporck made a point of inviting all the members of the planning group- 
not just those whose positions were reflected in the mission that was de- 
cided on-to the meeting at which the decision was announced. Early mem- 
bers of the executive group of SEMATECH were also sensitive to the issue of 
inclusion. Peter Mills reported that he and others advised Noyce to make a 
point of looking around at others in a room, even when he was part of an 
audience, so that speakers would not focus only on him. Peter Mills and Ann 
Bowers Noyce both volunteered that it was important to Noyce that 
SEMATECH not be an elitist "star culture." 

Another important facet of inclusiveness at SEMATECH was the way in 
which it increased the influence of all (Tannenbaum, 1968). By having a 
common and public agenda, members of all parts of the industry were able 
to participate in redirecting it. Sam Harrell, the chief strategist at 
SEMATECH at the time of this writing, claimed that the dollars spent at 
SEMATECH have been few compared with the amounts being spent in re- 
search and development in member companies' labs. The aligned goals that 
emerged within SEMATECH meant that the resources of the whole industry 
began to be nudged toward the same goals. 

Inclusiveness extended to the public agencies included in SEMATECH's 
original charter. At its founding, the consortium was charged by the National 
Advisory Council on Semiconductors to establish SEMATECH Centers of 
Excellence in top U.S. universities nationwide. SEMATECH was also to 
establish cooperative projects in manufacturing research in microelectronics 
at some of the 726 sites of the national labs run by various agencies of the 
government, including the National Aeronautics and Space Administration, 
the Department of Defense, and the Department of Energy. 
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In 1990, when Bill Spencer arrived at the consortium, however, many 
felt it had done all it could to help the industry weather the global market 
share crisis and that SEMATECH should disband when the five-year charter 
expired in 1992. Spencer saw how the worth of SEMATECH to the country 
as a whole could expand through developing national inclusiveness. When 
the consortium's continued existence was in question, Spencer, with the 
help of his COO, Bill George, convinced nearly all the member companies to 
renew their commitment and to persuade the government to renew its fi- 
nancial obligation, thus giving SEMATECH at least a second five-year char- 
ter. By 1992, SEMATECH was investing $5 million a year in national labo- 
ratory programs, and the continued future growth of their collaboration 
looked probable (Spencer & Grindley, 1993). If SEMATECH had been guided 
by a vision narrowly focused on industry market share, rather than by Spen- 
cer's more inclusive one, this national benefit could not have been realized. 

Unconditional giving. As Sandy Kane and others told us, Charlie 
Sporck, who was the CEO of National Semiconductor, is known as the father 
of SEMATECH because he took off a whole summer to poll the members of 
the industry and hammer out the agreement that led to the founding of the 
consortium. His action was a pure gift because it conferred benefit on others, 
imposed a cost on him (his inattention to his company), and was voluntary 
(Hollander, 1990). His contribution was not an exchange-rather, it was, in 
Boulding's (1981) terms, a one-way transfer or gift from his generation to that 
of his grandchildren. He often repeated that what was at stake was jobs for 
America's grandchildren. This level of contribution is what establishes com- 
munity (Boulding, 1981). 

Another crucial contribution was made by Bob Noyce, who came out of 
retirement to be CEO of SEMATECH at a time when, several informants felt, 
his not doing so would likely have meant organizational failure for the 
consortium. Early SEMATECH executives and assignees pointed out that (1) 
Noyce's personal reputation and fortune were such that he had nothing to 
gain or prove by leading another organization, (2) that with him at the helm, 
SEMATECH could gain support from Congress and member companies, and 
(3) that his presence gave luster and credibility to the whole effort. In addi- 
tion, he contributed a participative management style that tolerated com- 
plexity and a degree of chaos that allowed the processes described here to 
unfold. 

Texas Instruments' contribution to the leadership group was Turner 
Hasty, who originally came to SEMATECH during its formative phase and 
acted as chief operating officer both before and after Noyce's death. Al- 
though, as he told us, Hasty was far from sold on SEMATECH before he 
came, he gave prodigiously over several years of his energy and emotion. 
Other major contributions of managerial talent occurred after Noyce's death, 
when Bob Galvin came from Motorola to serve as chairman of SEMATECH's 
board of directors and Bill George came from the same firm to serve as its 
chief operating officer. As the top executive who sent George there put it, it 
was Motorola's turn. 
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There were, of course, many other contributions. For example, IBM and 
AT&T contributed technology to start the fabrication facility in Austin, Intel 
contributed methods of setting standards, and various companies allowed 
SEMATECH researchers to use their factories for testing. Our interviews 
with people at lower levels of the member companies indicated that they too 
cooperated as if they had learned the norms their leaders modeled. 

Self-amplifying reciprocity. As the lawyer who represented the Semi- 
conductor Industry Association in Congress told us, some participants 
and observers initially expected that free riding would be a problem at 
SEMATECH, but it didn't happen. Interviewees recounted how Intel, the 
least threatened of the member companies, took the lead and contributed 
additional high-level performers when other members were threatening to 
pull out if their visions of SEMATECH's mission were not accepted. Accord- 
ing to Hasty, Craig Barrett, the director of manufacturing at Intel, called him 
and asked, "How can Intel have more of an impact on SEMATECH?" Hasty's 
answer was to send more high-quality performers, and Intel responded as 
asked. In doing so, Intel did not wait for others to contribute first, as tradi- 
tional economic theory would predict. From then on, Intel made a series of 
linked contributions that amounted to a Kantian model for giving (Kondo, 
1990), according to which all were obliged to make at least "the minimal 
cooperative contribution" that they wished others to make (Hollander, 1990: 
1163). 

Each firm's contribution to the efforts to found and operate SEMATECH 
built on and enlarged the contributions of others. Individual contributions 
had a multiplier effect because they established and reinforced norms that 
required all to join in. Moreover, the actions and contributions of each mem- 
ber firm were highly public. Major contributions did not occur all at once, 
but sequentially, as if the member companies were taking turns (Pruitt & 
Carnevale, 1982). 

The result of this reciprocity was a group-based trust that allowed mem- 
bers to cooperate with "the expectation that others will respond favorably" 
(Bendor et al., 1991: 716). The norms of reciprocity and cooperation per- 
sisted because participants could use data from past experiences to predict 
others' future actions (Bicchieri, 1990). These norms were not invariably 
operative at SEMATECH, however. In a human resources workshop at 
SEMATECH, one of the industry experts we interviewed reported a visible 
amount of secrecy and competition. 

Manifold contributions. The unselfish contributions of several of the 
early leaders of SEMATECH, already mentioned under the prior two cate- 
gories, enabled SEMATECH to go forward. Without their inputs, the organ- 
ization might have disintegrated or become frozen in form. As also explained 
earlier, the formation of a moral community created normative expectations 
that member companies and individuals would take turns in making con- 
tributions. The emerging norm of reciprocity ensured that SEMATECH did 
not wither or freeze for lack of new ideas and energy. 

The very visible contributions at the top of SEMATECH set a tone for 
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everyone else in the organization. People who worked there said they came 
to feel that every contribution was valued. One unique feature of this organ- 
ization was that people were encouraged to make contributions regardless of 
their position and status in the organization. Bill Daniels described a prac- 
tice that symbolized this inclusiveness: executive secretaries were invited to 
teamwork training meetings with the members of the top management team, 
who in effect treated the secretaries as peers. As Argyle (1991) asserted, 
structuring relationships as peer relationships makes them more coopera- 
tive. 

Bob Noyce's wife, Ann Bowers Noyce, formerly a human resource ex- 
ecutive at Apple and a key player at Intel, induced Noyce to take women in 
particular seriously and give them opportunities. Demonstrating to him 
what women could contribute in a male-dominated industry, she served as 
a catalyst for changing the treatment of other women. 

Another important set of contributors were the direct hires, the people 
who worked directly for SEMATECH, primarily in support roles, and were 
hired for indefinite terms. The egalitarian and open-ended culture at 
SEMATECH allowed many of these people to make contributions that they 
would not have been allowed to make in more traditional organizational 
structures and cultures. Our direct hire informants reported feeling that they 
could realize their potential at SEMATECH. Assignees, too, realized that 
they were being given more latitude and responsibility at SEMATECH than 
they were likely to have when they returned to their member companies. 
Another unusual and valuable role was played by a group of facilitators who 
acted as third parties and thus were helpful in reducing early distrust and 
hostility (Deutsch, 1993). 

The level of effort was so high while Noyce was CEO that many inter- 
viewees reported they could not have kept it up much longer. People worked 
around the clock and on weekends. The parking lots were never empty. 
Direct hires who had been with the organization for a long time reported to 
us that the early instability and disorder complicated everything; it took 
ingenuity, persistence, and effort to get things done. An extreme example of 
the dedication that employees exhibited toward their work was that one 
woman delivered a baby via cesarean section so that the birth could be 
scheduled when it would not interfere with work commitments. These ex- 
traordinary levels of energy and effort12 kept the organization growing and 
prevented stagnation. 

Within-firm communication. Various informants recounted ways in 
which member firms in SEMATECH varied considerably in their norms and 
skills in internal communication. Good internal communication helped 
some firms to align their managers' and assignees' conceptions of what 

12 Such extreme levels of effort and commitment to work of course had a dark side in terms 
of organization members' health and nonwork life. 
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SEMATECH was about and how to work with the consortium. Such internal 
alignment put the firms in a better position to cooperate at SEMATECH. The 
two firms noted for their skills in resolving internal differences and manag- 
ing conflict constructively were Intel and Motorola (Browning, Weick, & 
Powers, 1994; Daniels, 1994). They were also the firms that were, in most 
observers' opinions, the most influential in shaping practices at 
SEMATECH. An early Intel assignee opined that Intel had influence because 
it used vertical communication structures that enabled its managers to agree 
internally on what they wanted. Other firms, notably Texas Instruments, 
with its history of military work, were more secretive internally as well as 
externally (Wiggins, 1994). Participants were well aware of their relative 
skill in communication. Bob Galvin commented that one of his reasons for 
joining SEMATECH was to transfer Motorola's internal learning about co- 
operation to SEMATECH and other firms in the industry. 

Another example of the importance of within-firm communication in- 
volved the transfer of technical information from SEMATECH back to mem- 
ber companies. Hewlett-Packard had had more experience than other mem- 
ber companies in managing such interfaces. We learned from a Hewlett- 
Packard executive that the firm set up a board of directors' committee to 
conduct interactions with SEMATECH and an internal network that covered 
the entire span of technical areas relevant to Hewlett-Packard to receive and 
pass on information from SEMATECH. 

Public actions. One reason there was so much public communication 
about problems in the semiconductor industry was that key members agreed 
on the need to educate others in the industry on the seriousness of the threats 
they faced. Sandy Kane told us about how he developed and delivered a talk 
on the dire state of the industry. After various presentations at IBM, John 
Akers, that firm's CEO, approved Kane's going public with the talk. Between 
February and June 1986, Kane gave his briefing 25 times to executives of 
major U.S. semiconductor firms. His "obituary," as the briefing came to be 
called, was intended to wake them up and persuade them that something 
had to be done. Other informants reported that this was a time of ferment and 
of many public discussions within the industry, all of which prepared the 
way for a fateful decision. In June 1986, members of the Semiconductor 
Industry Association asked Charlie Sporck to head an effort to establish the 
consortium that became SEMATECH.13 

To win Congress's approval for federal funding of SEMATECH, the in- 
dustry association's leaders not only pledged their own financial support, 
but also publicly committed themselves to specific goals. The publicness of 

13 Our first interview with Sam Harrell contradicts this account; he reported that, through 
the Semiconductor Equipment and Materials Institute (SEMI), a supplier industry association, 
he made an extensive effort to find a champion to address the issues of infrastructure. He said 
that SEMI identified and educated Sporck on the issues in order to place him in a position to 
assist the industry. 
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these actions made them less revocable and served to increase the commit- 
ment of association members to the new consortium (Goodman, Ravlin, & 
Schminke, 1987). 

As these examples show, the actions taken to found SEMATECH were 
unusually public, at least for the semiconductor industry. Publicness also 
became the norm for SEMATECH's governance. Two early participants in 
SEMATECH told us that when it was discovered that the first COO, Paul 
Castrucci, had made private decisions that allocated vast sums for equip- 
ment and other ventures, his actions were considered insubordination. Sev- 
eral informants told us that Castrucci's penchant for making private deci- 
sions and other differences in management style between him and Noyce 
became bones of contention and eventually led to Castrucci's resignation. 

Faith in the outcome. Axelrod (1984) argued that people are more likely 
to cooperate when the shadow of the future is long. Sable added that coop- 
eration occurs when gains from future dealings are "highly valued in rela- 
tion to current ones" (1993: 1135). "If people think that their future is not 
important compared with their present, they cannot cooperate" (Kondo, 
1990: 504). 

When SEMATECH was formed in 1987, the prediction was that if the 
loss of U.S. market shared continued, that share would be 20 percent by 1993 
(SEMATECH, 1992a). Instead, U.S. market share rebounded to 47 percent, 
placing the United States ahead of Japan for the first time since 1986. The 
five-year term for firm membership in SEMATECH was based on the five- 
year federal funding, which was subject to yearly review (U.S. Congress, 
1987). Under the leadership of Bill Spencer, most of the member companies 
continued to exhibit faith in the mission and effectiveness of SEMATECH, 
which won another five years of support from most of its original members 
and from Congress in 1992 (McLoughlin, 1992). 

Summary. A confluence of the elements described above enabled a 
moral community to emerge and be maintained at SEMATECH. The semi- 
conductor industry was highly competitive, and it was unclear at the outset 
whether its manufacturing firms would be able to cooperate in this new 
consortium. Such an attempt was, after all, unprecedented in U.S. industry. 
The executives who came together to found and support SEMATECH came 
from differing company cultures; they did not all have or express the same 
ideas for the consortium and how it would help the industry. What was 
clear, however, was that there was a lot to be done and that the need was 
urgent. People poured themselves into jobs and activities that were accom- 
plished incredibly fast. In addition, there was a pervasive issue of potential 
cultural misunderstanding and conflict. But despite these conflicts, cooper- 
ation and industry change were achieved. How and why? 

Kondo (1990) argued that normative cooperation is insufficient for 
changing a system; creating change requires exemplars of unconditional 
giving. The behaviors of such "moral heroes" (Fishkin, 1982) act as catalysts 
for transformation. Also, one of the key conditions that Deutsch (1993: 515) 
identified as essential to cooperative learning is that participants remain 

134 February 



Browning, Beyer, and Shetler 

moral persons who are caring and just. The founding and development of 
SEMATECH occurred in circumstances that met these enabling conditions. 
As a result, SEMATECH was able to be successful in changing industry 
practices. 

Structuring 

The definition of structures used in our analysis was taken from a 1984 
work by Giddens, whose major categories for analysis were frameworks and 
interactions. Interactions include the discussions and speech behaviors 
needed to build and maintain cooperation. Frameworks are the structures 
that emerge to bound and give meaning to the interactions (Cassell, 1993). 
Giddens saw interactions as leading to frameworks that allow new interac- 
tions that can create new structures; he called this interactive sequential 
process reflexivity. Our data on the development of SEMATECH yield many 
examples of reflexivity. 

Openness. One issue that needed to be resolved early in SEMATECH's 
history was the potential difficulty that would be caused by member firms' 
considering their manufacturing processes proprietary. Prior to resolving 
this issue, many informants agreed, members felt they had to keep such 
information secret, and long periods of silence characterized meetings. 
Turner Hasty was the first to realize and express the idea that the secrets 
being kept were not secrets at all and that the differences between firms were 
primarily cultural, not technological. An early assignee from Intel estimated 
that "almost 85 percent of the information is generic; only the top 15 percent 
is truly proprietary." Peter Mills reported that Hasty raised the issue in a 
single dramatic moment, when he asked others at a meeting: "Can't you see, 
we're all talking about the same thing?" Thereafter, assignees began to confer 
with their companies about what they would share at SEMATECH, some- 
times by calling "home" at breaks during meetings to inquire about sharing 
a particular piece of information. Resolving the secrecy issue early meant 
that meetings became productive. 

Because we learned early in our interviews that secrets had been an 
issue, we checked with all subsequent informants to see whether any mem- 
ber companies had incurred costs from secrets revealed at SEMATECH. We 
could find no evidence that anyone at SEMATECH had make the Type I error 
of trusting too much (Bendor et al., 1991: 713). 

Meetings. One of the responses to the early chaos within SEMATECH 
was to import practices for managing meetings that had been used effectively 
at Intel. Bill Daniels, who had consulted for Intel, told us how he trained 
SEMATECH organization members in meeting management in 1988. The 
problem-solving orientation they learned from Daniels encouraged explicit 
information exchange in meetings rather than expressions of individual 
agendas (Pruitt & Carnevale, 1982). The joint problem solving that this train- 
ing encouraged also fostered cooperation (Argyle, 1991). The meetings in- 
volved face-to-face interactions in which members could express their pos- 
itive interdependence in visible behaviors (Deutsch, 1993: 510). 
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External observers criticized SEMATECH for wasting its effort on meet- 
ings, but insiders, who could see the value of those meetings, made no such 
criticisms. For example, Sam Harrell reported that the supplier community 
thought that the workshops SEMATECH held were "the most valuable de- 
liverable in the first three to four years of SEMATECH." 

Our observations of meetings at SEMATECH confirmed that SEMATECH 
had established norms for conducting meetings. The meeting management 
program at SEMATECH emphasized concrete outcomes and to that end em- 
ployed agendas, deliverables,14 strict use of time, and equalizing the oppor- 
tunity to speak. Our observations also showed that the use of facilitators to 
keep meetings on track was common. Participants reported to us that meet- 
ings produced valued results, reinforcing their faith in the positive outcome 
of their efforts and thus also supporting a moral community. 

Creating new structures. The early meetings within SEMATECH were 
directed toward creating consensual frameworks in the form of goals, tech- 
nological road maps, rules, contracts, position descriptions, and new organ- 
izations. Informants reported and documents show that one such consensus, 
reached quite early in SEMATECH's history, concerned strengthening the 
U.S. supplier industry. Members realized that U.S. manufacturers could not 
be competitively secure unless they had a strong domestic supplier industry. 
There were widespread fears, supported by an event at Hitachi, that too 
much dependence on the Japanese in particular left U.S. manufacturers vul- 
nerable if Japan were to fail to inform them of new technological develop- 
ments while informing their Japanese rivals. 

One impediment that needed to be overcome to realize this goal was to 
find a structure through which SEMATECH could influence the suppliers. 
SEMI, the international association of suppliers to the semiconductor man- 
ufacturers, included foreign firms, but SEMATECH's agreement with the 
U.S. Congress was to support only the U.S. industry (U.S. Congress, 1987). 
To allow SEMATECH to work with the supplier community, a United 
States-only organization of suppliers called SEMI/SEMATECH was formed 
(Peterman, 1988). 

Not all the structures that emerged were so rationally designed. Turner 
Hasty and Peter Mills reported that the Investment Council, a contracting 
and oversight body, was created in response to Paul Castrucci's private deal- 
ings, mentioned earlier (SEMATECH, 1989). It was structured to execute 
contracts in a fashion that did not disenfranchise or alienate people in the 
industry and to assure fairness. As Peter Mills, the first chief administrative 
officer, said, "Anytime you make an investment decision, you're going to 
alienate someone out there. We came up with a methodology that is a good 
model in terms of project management and contract administration." 

Partnering for Total Quality (PTQ) is another example of the innovative 
structures designed at SEMATECH. Staff members in this program explained 

14 Deliverables are agreed-upon performance objectives. 
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to us that two groups were formed initially-one for partnering and the 
other for total quality management. Because their members interacted, the 
story goes, they soon realized that their domains and efforts overlapped, and 
they merged. The goals of the PTQ group were to improve the quality of 
products and services and to encourage close cooperation between suppliers 
and semiconductor manufacturers. A highly influential early assignee com- 
mented that the criticism of the U.S. supplier industry was that they were too 
focused on costs and not enough on quality. PTQ made available an exten- 
sive program of training and training materials. Two councils composed of 
supplier firm representatives were set up, one on each coast, to diffuse and 
encourage total quality management and partnering practices. Through these 
activities and through regular quality audits by their customers,15 many of 
whom were also members of SEMATECH, suppliers were urged to find out 
more about what their customers wanted; they were also urged to adopt the 
ideologies, tools, and practices of total quality management. 

Standards. Before SEMATECH was founded, the semiconductor man- 
ufacturing industry used proprietary standards. Firms competed by trying to 
develop a standard they could own and use to either collect licensing fees or 
capture market share from competitors. Microsoft is a good example of a firm 
that has profited enormously from proprietary standards. One problem with 
such standards is that they produce industry fragmentation as innovators 
leave one firm and found another to cash in on their ideas. Investments, 
human capital, and effort are spun off from existing firms with these new 
foundings. The resulting fragmentation has been blamed for the vulnerabil- 
ity of the U.S. semiconductor industry to aggressive global competition 
(Alic, Branscomb, Brooks, Carter, & Epstein, 1992). 

The existence of SEMATECH facilitated firms' arriving at cooperative 
standards.16 One event demonstrating how cooperative standards emerged 
was Intel's sending Dean Toombs to introduce its equipment qualification 
procedures to other member companies. Intel had been using these stan- 
dards since 1986, when it was badly burned by attempting to open a new 
fabrication facility with what turned out to be unreliable U.S. equipment. 
Suppliers had regarded Intel as strange and arrogant when it imposed rig- 
orous qualification requirements on all new equipment but had learned to 
value Intel's requirements for continuous improvements. These procedures 
were now introduced in the cooperative forum of SEMATECH, whose mem- 
bers were relieved of the pressure of antitrust threats and proprietary se- 
crecy. Eventually, Intel's standards became institutionalized within SE- 
MATECH through the Equipment Qualification Program and shared across the 
industry. 

Summary. Although the structuring reported here was clearly a product 
of the cooperation outlined in our section on moral community, once in 

15 These observations were made during field work at regional council meetings and sup- 
plier companies (Beyer & Roberts, 1994). 

16 The Cooperative Research Act of 1984 relaxed prior antitrust restrictions on competitors' 
sharing information. 
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place, the new structures allowed for still more refined practices of cooper- 
ation. Meetings at SEMATECH now treat as routine the cooperative practices 
that were established with conflict and difficulty earlier. For example, early 
discussions of needed equipment often dwelt at length on the potential 
source of products. By 1993, these discussions had become routine. When a 
need for equipment is identified, the group is asked, "Does any firm here 
have equipment to share with SEMATECH?" If the answer is no, the group 
selects a supplier to develop the equipment for all members. Apparently, 
SEMATECH member companies have reached a new consensus over the 
distinction between proprietary and nonproprietary standards. Present-day 
assignees, when asked if the distinction between the two is ever unclear, 
responded without hesitation that everyone understands the difference. 

We have presented our results within 17 selectively coded categories 
nested in three core categories intended to capture underlying similarities in 
events' meanings. Some ordering of the data was needed to derive a coherent 
story from a very complex and interdependent set of events and to facilitate 
finding patterns among events that are unaccounted for by previous theory 
and thus qualify as discoveries or new contributions to theory. The proce- 
dures we used are typical of constant comparative analyses, but we want to 
point out that the categories we derived are not and were not intended to be 
mutually exclusive, as might be expected in a quantitative procedure like 
orthogonal factor analysis. Rather, bits of data are often relevant to more than 
one coded category, and coded categories are often relevant to more than one 
core category. Table 3 summarizes how we see the 17 selectively coded 
categories as fitting into the three core categories. The table illustrates how 
difficult it is to capture the richness and complexities of qualitative data 
within any abstract category system. 

DISCUSSION 

In theorizing from qualitative data, the next step after categorization is 
to find meaningful relationships among the core and coded categories that 
help to explain the phenomenon of interest. As mentioned in the introduc- 
tion, what seemed most remarkable to us and in need of explanation in the 
story of SEMATECH's founding and development was how cooperation 
emerged in a setting as competitive as the semiconductor industry. It was 
evident that the SEMATECH story revolved around several phenomena that 
are not new in organizational research-competition, cooperation, and 
change. What might be new is how these phenomena came together to in- 
fluence SEMATECH's founding and early functioning. Our knowledge of the 
literature on change suggested several more streams of theory as relevant: 
work on self-organizing systems (Morgan, 1986; Weick, 1977) and a series of 
articles published in Human Relations on dissipative structures (Gemmill 
& Smith, 1985; Leifer, 1989; Smith & Gemmill, 1991). As we followed the 
leads this literature offered, we came upon an overarching framework, com- 
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plexity theory. This theory incorporates the specific streams noted into an 
explanation of radical changes in large systems and, in particular, of how 
such changes tend to create greater complexity than previously character- 
ized the systems. 

Complexity Theory 

Prigogine pioneered the systematic description of how ordered systems 
arise from apparent chaos with his work in physical chemistry. No small part 
of the reason he was awarded the Nobel Prize in 1977 is that he also under- 
stood the wide-ranging philosophical implications of his discoveries-for 
example, that they offered a new way of understanding how systems emerge 
in ways and with patterns that are not intended. Other researchers (Jantsch, 
1982; Weick, 1977) extended this understanding into social processes by 
studying their emergent orders as self-organizing systems in which innova- 
tive cultural patterns and increasingly complex structures repeatedly 
emerge. These structures may stabilize, continue to evolve, self-destruct, or 
do all three in cycles. The central message of complexity theory is that the 
self-organizing of complex ordered systems from apparent chaos does hap- 
pen, all the time, all around, even when it is misunderstood, unappreciated, 
or unwanted. 

Complexity theory fitted our data on the development of SEMATECH in 
important ways. 

First, the theory describes many of the ways in which order can arise out 
of apparent chaos. This phenomenon has been described in physical sys- 
tems, such as chemical solutions (Nicolis & Prigogine, 1989; Prigogine, 1981, 
1984), in natural systems, like biological evolution (Kauffman, 1990), and in 
social systems (Axelrod, 1984; Jantsch, 1982). SEMATECH was conceived in 
an industry in decline and disarray, if not complete chaos; we refer to this 
condition as irreversible disequilibrium and discuss it in detail in the next 
subsection. 

Second, complexity theory describes the dynamics of a self-reinforcing 
system-one that repeatedly builds on the results of interactions within it to 
achieve a more richly ordered complexity rather than repeatedly damping its 
own effects to remain simple and straightforward. Each self-reinforcing rep- 
etition or set of interactions contains more possibilities than the one before, 
so the system amplifies itself and expands. SEMATECH certainly developed 
many self-reinforcing processes, described in the Results section, from its 
internal and external interactions; we describe these developments under 
the term, self-organizing processes. 

Finally, according to complexity theory, unpredictability, novelty, and 
a chance for something new to emerge accompany expansion (Wheeler, 
1990). What emerges is qualitatively different from its origins, not just larger, 
because when many previously separate elements begin to interact as a 
system, the whole may behave in new and unpredictable ways. SEMATECH 
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certainly constituted something new in the world.17 The founding and ac- 
tivities of this consortium, although not entirely unprecedented, have en- 
couraged a new and apparently irreversible level of cooperation within a 
highly competitive industry. The sheer size of the contributions made by 
each member company and the federal government ensured that some kinds 
of changes would take place to justify those investments. Furthermore, the 
results of the consortium's founding and activities were highly unpredict- 
able. Many observers predicted failure, and many skeptics still question 
what the consortium has accomplished. We discuss these points further in a 
subsection below entitled "A New Order." 

Irreversible Disequilibrium 

It may have only been because the leaders of the semiconductor indus- 
try feared its demise in the mid 1980s that they opened themselves up to the 
possibility of radical change. The "obituary" delivered by Sandy Kane dem- 
onstrated a growing consensus that the situation in the industry was so 
severe that some members of the community did not see returning to the 
"original set of equilibrium conditions" as possible (Smith & Gemmill, 1991; 
705).18 They had reached what complexity theorists call a bifurcation point, 
or a point of singularity, a juncture that allows inherent tendencies toward 
equilibrium to be overcome (Leifer, 1989). Because of the instabilities and 
turbulence that led to the critical condition marking the bifurcation point, 
the semiconductor industry needed to operate qualitatively differently than 
it had in the past. 

According to complexity theory, a bifurcation point ushers in a period 
of disequilibrium that reflects a break with the past and requires the partic- 
ipants in a system to "decommit" themselves from existing processes and 
values (Leifer, 1989). In the case of SEMATECH, participants turned away 
from values associated with cutthroat competition, secrecy, and proprietary 
standards. In the process, members committed themselves to facing the 
unknown, which included questions of whether cooperation would lead to 
the recovery of the industry and how to achieve cooperation within a con- 
sortium. 

Self-Organizing Processes 

The events and activities described in terms of Giddens's (1984) concept 
of structuring in our Results section seem to fit even better various theorists' 
descriptions of self-organizing processes. Early activities and events within 
SEMATECH spawned new patterns of activities and events that in turn 
yielded the activities and events that followed. 

The SEMATECH example, however, departs somewhat from typical 

17 MCC, a computer industry consortium, was established before SEMATECH, but its op- 
erations and structure were markedly different from the latter's. 

18 It also drew IBM into the semiconductor manufacturing community in a way that was 
unprecedented. 
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conceptions of self-organizing processes, which usually involve generating 
new structures from elements within a system (Smith & Gemmill, 1991). 
What happened at SEMATECH was that people often created structures 
within the organization by borrowing practices from outside, primarily from 
member companies and the supplier industry. We want to point out, how- 
ever, whether structuring elements in a self-organizing system are seen as 
coming from inside or outside a system obviously depends on how bound- 
aries are drawn.19 SEMATECH was an organizational system with very po- 
rous boundaries operating within a larger industry system. At the industry 
level, most of the inputs were from within the system, but at the organiza- 
tional level, many came from the outside. Also, most innovative structuring 
within any system is probably at least a partial imitation of something some- 
one in the organization has seen somewhere else, making the sources of 
practices doubly unclear. 

These distinctions aside, the SEMATECH case contributes to fleshing 
out the concept of self-organizing by showing (1) how systematically mem- 
bers searched the industry for the best practices to use internally and as 
models for the industry and (2) how members and suppliers were willing to 
give their knowledge to this cooperative effort. 

Another exceedingly important element in SEMATECH's self- 
organizing process was the nondirective leadership style its early top man- 
agement team used. CEO Bob Noyce was clearly an influential articulator of 
the mission and an inspiring role model at SEMATECH, but he seldom 
established structures.20 Most treatments of founding leaders have assumed 
they both inspire followers and structure their organizations (Schein, 1992: 
228-253). In an analysis of charismatic leaders, however, Trice and Beyer 
(1986) concluded that charismatic leaders tarnish their charisma when they 
become involved in practical affairs because it grows partially from follow- 
ers' seeing them as exceptional and in touch with a higher plane than the 
everyday. Noyce exerted a powerful influence over people connected with 
SEMATECH, but he avoided exerting direct control by delegating adminis- 
trative detail. When Noyce was CEO at Intel, our informants told us, Andy 
Grove handled most administrative matters for him. At SEMATECH, Turner 
Hasty filled this role. Noyce's avoidance of detail allowed his charisma to 
grow and flourish. 

Noyce's nondirective leadership style also created opportunities for oth- 
ers to structure situations and activities according to needs. In this sense, 
SEMATECH became genuinely self-organizing. The consortium's viability 
was enhanced because people throughout the organization could "create 
structures that fit the moment" (Wheatley, 1992: 90). This flexibility and 

19 Some analysts have suggested that organizational boundaries are increasingly in a state 
of flux compared to previous times (Rouleau & Clegg, 1992). 

20 Interestingly, a major structure he created, the Office of the Chief Executive, embedded 
his role in a team, other members of which could play the structuring roles. 
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fluidity allowed SEMATECH to modify structures it found useful and keep 
inventing new ones. 

A New Order 

Complexity theory suggests that, following a bifurcation point, an old 
system may disintegrate amid disorder to attain a more complex and appro- 
priate alignment-a new order (Gemmill & Smith, 1985). To achieve a new 
order, the system must remain open to change and attract much new energy. 
The systems that emerge after bifurcation points have passed are called 
dissipative because of their ability to attract resources and skills in sufficient 
quantity to offset the potential disorganization stemming from new ways of 
operating (Leifer, 1989). 

Our results showed that the founders of SEMATECH came to recognize 
that a new order was required in their industry to avoid its demise. Their 
solution showed how open they were to radical change. They decided to do 
what they had never done before-to found a new organization form, pre- 
viously unavailable to them because of legal restrictions, that would facili- 
tate cooperation in solving common problems. They backed that decision up 
with substantial commitments of their own financial resources. 

Not all the members of the founding group envisioned much of what 
happened subsequently. Thus those events were, in accordance with com- 
plexity theory, unintended to a degree. Three of the major unintended con- 
sequences were (1) a large portion (about half) of the consortium's resources 
was used to help the supplier industry through SEMI/SEMATECH rather 
than used directly to help SEMATECH member companies, (2) the consor- 
tium developed more commitment and cooperation than many members 
expected because free riding behaviors became discredited as both counter- 
normative and inimical to gaining full benefits from membership, and (3) the 
consortium's life was extended beyond its initial five years because of its 
members' perception of its success. 

Although some of the founders of SEMATECH may have had helping 
the supplier industry as an ideal, others did not. The pursuit of this mission 
and the addition of SEMI/SEMATECH as a sort of collateral organization also 
had the unintended consequence of making SEMATECH more complex than 
originally envisioned. Few of the hardheaded managers in the founding 
group were idealistic enough to fully intend the last two consequences. 
There were plenty of skeptics at every step, but their skepticism was grad- 
ually overcome. Some of the founding companies understandably adopted a 
wait-and-see policy toward SEMATECH, but most were eventually drawn 
into the cooperative system that emerged.21 

Another correspondence between events at SEMATECH and complexity 

21 Our informants indicated that the companies that left SEMATECH after the initial five 
years did so because they were further back in the technology chain than other member com- 
panies and could not put SEMATECH's research and testing to immediate use. 
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theory is the way in which the consortium's emergence depended on inputs 
of new energy. One set of important inputs came from the many individuals 
who contributed their efforts in the early years. We suggest the uncondi- 
tional contributions of Charlie Sporck and Bob Noyce were critical. Sporck 
worked full time gaining commitments from his peer CEOs in the semicon- 
ductor industry to form SEMATECH.22 Noyce, who gave up his retirement to 
take over as CEO when it became evident that Congress would not fund the 
consortium without an acceptable CEO in place, perhaps gave the ultimate 
gift, dying of a heart attack while CEO of SEMATECH. These high-level 
inputs helped to set a norm for cooperation and giving that was necessary to 
get the new organization off the ground. 

However, as pointed out earlier, normative behavior alone is insuffi- 
cient to explain a cooperative system (Kondo, 1990). Something must give 
the system a boot to set the norms in motion (Maruyama, 1963). That some- 
thing is often one or more cultural leaders who "originate or recognize ra- 
tionales that will reduce people's uncertainties, make them understandable 
and convincing, and communicate them widely so that others come to share 
them" (Trice & Beyer, 1992: 151). Sporck, Noyce, and others were cultural 
leaders who provided such inputs. 

But clearly, in SEMATECH's case the matching funding from the federal 
government was also a necessary, if not sufficient, input. Although the semi- 
conductor firms did not really want government involvement, early plan- 
ning indicated that they could not afford to commit all the revenues re- 
quired. 

Complexity theory can not yet account for the sources and patterns of 
energy inputs needed to lead a system toward a new order. What our results 
show is that such inputs can come from many sources. They also show a 
rather surprising pattern of member firms' implicitly taking turns, contrib- 
uting resources as they were needed. In this respect, our results support Ring 
and Van de Ven's (1994) contention that contributions are not necessarily 
calculated, equal exchanges. Complexity theory also fails to specify the 
sources of energy inputs. Our data dramatize and strongly support the con- 
tention that these energy inputs must in good part come from the efforts of 
key individuals, again supporting Ring and Van de Ven's analyses. 
Other Implications for Research and Practice 

The perspective on organizations provided by complexity theory con- 
trasts sharply with that provided by systems theory. Complexity theory says 
that the internal processes of organizations can generate radical change, 
while systems theory posits that internal processes tend toward homeosta- 
sis. More organizational applications of the model are needed to determine 
the value of complexity theory as a framework for understanding and ana- 
lyzing organizational change. It is clear that complexity theory fits and helps 

22 As mentioned earlier, Sporck was CEO of National Semiconductor and turned over its 

operation to his vice presidents for about a year to sell the idea of a consortium to his peers. 
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to illuminate this research case. It remains to be seen how much value this 
general framework will have for future research. The turbulence of the en- 
vironments that many organizations currently face and the radical changes 
that many are making to try to adapt to that turbulence suggest that this 
framework has relevance for future research and may be applicable to many 
more instances of organizational change. 

Our results suggest that the interdependencies involved in interorgan- 
izational arrangements can pay off, but some initial degree of trust and 
someone to start the contributions flowing are needed (Mauss, 1967). Our 
results also show that, as Argyle (1992) suggested, cooperation is easier 
among peers. SEMATECH exemplified this suggestion by structuring inter- 
actions so that they would take place among persons at the same organiza- 
tional levels. SEMATECH's management formed countless committees and 
task forces to do this at every level of the organization. Peer-level commu- 
nication was achieved primarily through meetings, and SEMATECH took 
care to be sure that is members were trained in proven meeting management 
and participation techniques. As Grove (1983) pointed out, meetings are 
where the business of an organization takes place and where individuals 
take the risk of giving views to the group to achieve a joint effort. This giving 
is an act of trust that must meet with success if the organization's meetings 
are going to have a reputation for being worthwhile. 

The data from this research show that sequences of contributions do not 
necessarily follow an exchange model in which inputs yield outcomes of a 
value equal to inputs for all parties, but instead may conform to the oldest 
assumption of trust-that it is almost impossible for everyone to get equal 
value at all times, that people need to have faith that their efforts will be 
rewarded at a later, undefined time, and that these choices to offer and risk 
are matters of individual honor and pride. 

The data from SEMATECH also illustrate the difficulties that some 
styles of leadership can create for efforts at cooperation. In particular, an 
overbearing style, such as William Shockley, founder of Shockley Semicon- 
ductor Laboratories, is said to have had (Rogers & Larson, 1984), and a 
penchant for unilateral, secretive decision making, such as Paul Castrucci 
exhibited at SEMATECH, undermine cooperative efforts. Such behaviors 
can, however, galvanize cooperative efforts in others. Shockley's overbear- 
ing style led bright young engineers and scientists to leave and become the 
"Fairchildren"23 who colonized Silicon Valley (Rogers & Larson, 1984). 
Castrucci's behaviors led to the formation of the Investment Council at 
SEMATECH. Sometimes problems create new solutions that would not oth- 
erwise have surfaced. 

The leadership that galvanized effort at SEMATECH was established 

23 This term, of unknown coinage, evokes the parental role of Fairchild Semiconductors in 
socializing employees who carried some of that firm's values and practices into companies they 
joined subsequently. 
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through visible and highly symbolic actions. In this instance, the organiza- 
tion had the advantage of having a charismatic leader-an advantage all 
organizations cannot count on-but other leaders can adapt the care Noyce 
devoted to symbolism and the participative and democratic management 
style he used to other organizational settings. 

CONCLUSIONS 

The successful founding and continued viability of SEMATECH dem- 
onstrate that cooperation between competitors can be achieved under cer- 
tain conditions. The presence and activities of SEMATECH have not elimi- 
nated competition in this industry. Rather, SEMATECH has provided a sort 
of neutral ground on which "blood enemies" can cooperate within certain 
agreed-upon boundaries. The consortium has become the symbol and the 
catalyst for many cooperative efforts. Complexity theory helps to explain 
how small, discrete events can have large consequences. Individual contri- 
butions became self-amplifying in this case because they gave birth to a 
moral community and created structures that in turn created other struc- 
tures. Initial disorder made innovation mandatory, and the egalitarian cul- 
ture Noyce and others created allowed innovation to flourish. 

Complexity theory also highlights the importance of an initial crisis or 
state of chaos that marks a break with the past and stimulates openness to 
radical new ideas. Members of the semiconductor industry knew that they 
could not continue to prosper unless they drastically changed their prac- 
tices. Such recognition, relatively rare in organizations and industries, 
seems to be a necessary precursor to radical change. In this and other ways, 
SEMATECH is an unusual example. Clearly, complexity theory would not 
inform all instances of change. 

Ring and Van de Ven (1994) argued that a central question for organ- 
izational theory is how interorganizational relationships emerge and grow 
over time and that understanding such relationships requires a focus on 
sequences of events and interactions among organizational parties. This 
study had such a focus. Our results indicate that, as Ring and Van de Ven 
predicted, trust is important for establishing and maintaining such relation- 
ships. Our data also demonstrate the crucial importance of individual ef- 
forts; as Ring and Van de Ven wrote, "These relationships only emerge, 
evolve, grow, and dissolve over time as a consequence of individual activ- 
ities" (1994: 95). 

Other factors were undoubtedly crucial in the founding and sustaining 
of this consortium: the key actors' conviction that something had to change, 
the fear and pain the leaders of the U.S. semiconductor industry were ex- 
periencing as they watched its market share drop, the emergence of a char- 
ismatic leader who could inspire unusual efforts and cooperation, and the 
faith and courage of the many consortium participants who worked tire- 
lessly to realize the mission set for them. These conditions describe an 
outlier case, at least so far as previous organizational research is concerned. 
How unusual such cases will be in the future remains to be seen. 
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APPENDIX 
Chronology of Important Events at SEMATECHa 

1971 Semiconductor Equipment and Materials Institute (SEMI) formed by U.S. 
industry suppliers, goes on to become international. 

1977 Semiconductor Industry Association (SIA) formed by five merchant 
chipmakers: LSI Logic, Intel, Advanced Micro Devices (AMD), National 
Semiconductor, and Motorola. 

1982 Semiconductor Research Corporation established by the SIA to do 
collaborative research and support education in silicon-related areas. 

1984 National Cooperative Research Act passed, exempting joint research and 
development projects from treble damage and per se rules of antitrust law. 

1985 Global market share of U.S. semiconductor manufacturers at lowest point. 

1986 June: SIA commissions Charlie Sporck to poll members about a collaborative 
effort. 

1986 November: SIA forms a steering committee, coins the acronym SEMATECH 
(from semiconductor manufacturing technology), began lobbying for 
government support, and stepped up lobbying for trade sanctions against 
Japanese dumping to buy time. 

1986 December: Defense Science Board task force report on U.S. semiconductor 
dependency leaked. Report called for a semiconductor manufacturing 
technology institute, with collaboration between government and industry. 

1987 March: in offices donated by National Semiconductor in Santa Clara, 
California, the SIA-appointed steering committee names task forces for 
operational planning and developing the Black Book. First 22, then 44 
assignees from potential SEMATECH members begin working on plans. 

1987 May: SIA adopts the Black Book and a business operating plan for the 
consortium, sets technological objectives for phases 1-3. 

1987 June: kickoff for a series of industrywide technology planning workshops to 
run through early 1988. Lobbying for government support, industry 
membership recruitment, negotiations on antitrust and intellectual 
property issues all intensify. Difficulty negotiating participation agreement. 
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1987 August: SEMATECH incorporates with 13 semiconductor manufacturing 
member companies. (One more firm joined in 1988.) 

1987 September: Separate SEMATECH board formed, SEMI/SEMATECH 
established, with seat on SEMATECH's board. Work begun on formation of 
representative technical advisory boards. 

1987 December: Legislation authorizing federal funding through the Department of 
Defense. 

1988 January: Selection of Austin, Texas, as site announced. 

1988 March: First executive technical advisory board meeting held in Austin. 

1988 April: Move from Santa Clara to Austin and recruitment of assignees and 
direct hires. 

1988 July: CEO Bob Noyce and COO Paul Castrucci named by board; Peter Mills 
brought in as CAO by Noyce. 

1988 September: Centers for Excellence started. 

1988 November: Fabrication facility dedicated, built in record 32 weeks. 

1988 Major reorganization effort begins at the top of the organization, leading to a 
February 1989 conference with bottom-up manager feedback. Decision 
made to focus on suppliers. Meeting management training and 
restructuring to bring objectives into line with budget, new supplier focus, 
and job descriptions. 

1988-89 Castrucci wheeling and dealing for equipment, GAO investigation begun, 
Investment Council established. 

1989 March: First fully processed wafers produced in new fabrication facility; 100 
integrated tools brought into production; Castrucci resigns, Hasty becomes 
COO. 

1989 November: Supplier Relations Action Council established to set partnering 
guidelines; task force to address total quality management established. 

1989 First quarter: Phase 1 achievement, 64 kilobit SRAMs, with the 
manufacturing technological ability to etch 0.8-micron "feature lines" on a 
chip. 

1990 Programs to develop or qualify equipment established in four major 
technology areas: lithography, furnace and implant, multileveled metals, 
and manufacturing methods, processes, and systems. 

1990 Partnering and quality task forces combined in PFTQ. 

1990 June 1: Bob Noyce Day, a celebration in Austin; June 3: Noyce dies suddenly. 

1990 PFTQ self-tests and guidebooks delivered, training workshops begun. 

1990 November: Bill Spencer becomes CEO. 

1990 Threatened nonrenewal of government funding, linked to defense cutbacks. 

Three members announce nonrenewal. Reorganization effort, with new 
formulas for establishing return on investment and an emphasis on 
members' determing agendas, including a master list of 58 "deliverables," 
more directly related to their needs. 

1990 Third quarter: Phase 2 accomplishment, a 0.5-micron feature line etched on a 
silicon chip, a global benchmark. 
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1991 March: Frank Squires from Xerox becomes CAO; Bill George from Motorola 
becomes COO. 

1992 January: Government funding renewed for next five years. Ties to national 
labs, the National Institute of Standards and Technology, and SRC 
strengthened as defense conversion begins. 

Announcement of new mission reflecting the industry's restored competitive 
position: "Create fundamental change in manufacturing technology and the 
domestic infrastructure to provide U.S. semiconductor companies the 
continuing capability to be world-class suppliers." 

SEMI leader Sam Harrell named as first executive chief strategy officer. 

1993 January: Achievement of 1992 phase 3 goal, a 0.35-micron feature line. The 
slogan "On target, on time, together" announced. 

1993 March: Participated in development of national technology roadmap. 

1993 Announcement of a new thrust area, environmental issues in semiconductor 
manufacturing. 

Implementation of new five-year horizon for developing computer modeling, 
simulation, and computer-aided manufacturing technologies. 

1994 COO Bill George returns to Motorola, new COO Jim Owens arrives from 
National Semiconductor. 

a Where no month is given, the activity noted occurred throughout the year. 
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