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attempted to appropriate a larger share of the surplus it created. Ultimately, if the
pioneering firm cannot appropriate enough of the gains from its R&D investments, it
cannot sustain them (Teece, 1986). Who then would perform the basic research
needed for semiconductors? Universities, research consortia, research institutes,
suppliers, and others would have to step up to fill this void. Are there ways to ensure
that these alternative investments would have been adequate? And would a different
stance by IBM towards Intel, AMD and other players have been credible? These are

important questions, and ones we hope future research will address.

In further analysis, we hope to unpack the “other” citations, to develop a more
systematic understanding of the role these diverse knowledge sources play in the R&D
strategies of semiconductor firms. The paper also raises questions about how
technological licensing among the three firms might have shaped competition the
product market. And clearly, our study involves only three firms in a single industry.
Much more work will be needed to clarify how knowledge flows relate to open

innovation processes in different industries and institutional environments.

We also hope that future work will take up on our approach of analyzing the
heterogeneity within each firm’s technological portfolio. We show that firms behave
quite differently in upstream, downstream and competitive areas in relation to open
innovation. This raises interesting questions, such as which portions of its technological
portfolio should a firm maintain as proprietary, and which ones should it open up? How
does relative stability (i.e., the rate of change) in product markets and technological
markets affect these decisions? Underlying these questions is a central issue that
remains unresolved: how can an incumbent firm develop a successful open innovation
strategy, one that involves managing a complex set of relationships and conflicts
among myriad partners in both technology and product markets, and how can it do so
profitably while nimble entrants with different capabilities threaten to erode the its

market share despite depending upon the same technological base?

References

Ahuja, G., and Katila, R., 2001, Technological acquisitions and the innovation performance
of acquiring firms: a longitudinal study, Strategic Management Journal, 22(3), pp. 197-220.

Arora, A., Fosfuri, A., Gambardella, A., 2001, Markets for Technology: Economics of
Innovation and Corporate Strategy, Cambridge, MA: MIT Press.



pg25

Brandenburger, A., and Nalebuft, B., 1996, Co-opetition. New York: Doubleday.

Brandenburger, A M., and Stuart, H W., 1996, Value-based business strategy, Journal of
Economics & Management Strategy, 5(1), pp. 5-24.

Brusoni, S., Prencipe, A., and Pavitt, K., 2001, Knowledge specialization, organizational
coupling, and the boundaries of the firm: Why do firms know more than they make?
Administrative Science Quarterly, 46(4), pp. 597-621.

Buderi, R., 1999, Into the Big Blue Yonder, Technology Review, 102(4), pp. 46-53.
Buderi, R., 2000, Engines of Tomorrow. New York, NY: Simon and Schuster.

Chandler, A., 1990, Scale and Scope. Cambridge, MA: Harvard University Press.

Chesbrough, H., 1999, Intel Labs (A). Harvard Business School Case #9-600-032.

Chesbrough, H., 2003, Open Innovation: The New Imperative for Creating and Profiting
from Technology. Boston: Harvard Business School Press.

Chesbrough, H., 2006, Open Innovation: A New Paradigm for Understanding Industrial
Innovation, in Open Innovation: Researching a New Paradigm, Chesbrough, H.,
Vanhaverbeke, W., and West, J., eds., Oxford: Oxford University Press, pp. 1-12.

Chesbrough, H., Vanhaverbeke, W., and West, J., 2006, Open Innovation: Researching a
New Paradigm, Oxford: Oxford University Press.

Chesbrough, H. and Teece D J.,1996, When is virtual virtuous? Organizing for innovation,
Harvard Business Review, T4(1), pp. 65-71.

Christensen, J F., 2006, Whither core competency for the large corporation in an open
innovation world? in Open Innovation: Researching a New Paradigm, Chesbrough, H.,
Vanhaverbeke, W., and West, J., eds., Oxford: Oxford University Press, pp. 35-61.

Cohen, W. and Levinthal, D., 1990, Absorptive capacity: A new perspective on learning and
innovation, Administrative Science Quarterly, 35(1), pp. 128-152.

Cockburn, I., Kortum, S., and Stern, S., 2002, Are all patent examiners equal? The impact
of characteristics on patent statistics and litigation outcomes, NBER Working Paper 8980.

Cusumano, M. and Gawer, A., 2002, Platform Leadership: How Intel, Microsoft, and Cisco
Drive Industry Innovation, Boston: Harvard Business School Press.



pg 26

Ferguson, C H. and Morris, C R., 1993, Computer Wars, Times Books, New York.

Gans, J., and Stern, S., 2003. The product market and the market for “ideas”:
commercialization strategies for technology entrepreneurs. Research Policy, 32 (2), pp.
333-350.

Gartner Dataquest, 2006. Market Share: Semiconductor Revenue, Worldwide, 2006 (Dec).

Graham, S J H., and Mowery, D., 2006, The use of intellectual property in software:
Implications for open innovation, in Open Innovation: Researching a New Paradigm,
Chesbrough, H., Vanhaverbeke, W., and West, J., eds., Oxford: Oxford University Press, pp.
184-201.

Hall, B H., and Ziedonis, R H., 2001, The patent paradox revisited: Determinants of
patenting in the U.S. semiconductor industry, 1980-1994, RAND Journal of Economics,
32(1), pp. 101-128.

Hall, B H., Jaffe, A., and Trajtenberg, M., 2005, Market value and patent citations, RAND
Journal of Economics, 36, pp.16-38.

Henkel, J., 2006, Selective revealing in open innovation processes: the case of embedded
linux”, Research Policy, 35(7), pp. 953-969.

Jaffe, A B., Trajtenberg, M., and Henderson, R., 1993, Geographic localization of
knowledge spillovers as evidenced by patent citations, Quarterly Journal of Economics,
108(3), pp. 577- 98.

Langlois, R N., 1992, External economies and economic progress: The case of the
microcomputer industry, Business History Review 66(1), pp. 1-50.

Lazonick, W., 1990, Competitive Advantage on the Shop Floor. Harvard University Press.
Cambridge,Mass.

Lim, K.H., 2004, The relationship between research and innovation in the semiconductor
and pharmaceutical industries (1981-97), Research Policy, 33(2), pp. 287-321.

Maula, M., Keil., T., and Salmenkaita., JP., 2006, Open innovation in systemic innovation
contexts., , in Open Innovation: Researching a New Paradigm, Chesbrough, H.,
Vanhaverbeke, W., and West, J., eds., Oxford: Oxford University Press, pp.241-257.

Moore, G., 1996, Some personal perspectives on research in the semiconductor industry, in
Engines of Innovation, Rosenbloom, R. and Spencer W., eds., Harvard Business School
Press, Boston, pp. 164-174.



pg27

O’Connor, G C., 2006, Open, radical innovation: Toward an integrated model in large
established firms, in Open Innovation: Researching a New Paradigm, Chesbrough, H.,
Vanhaverbeke, W., and West, J., eds., Oxford: Oxford University Press, pp. 62-81.

Porter, M E., 1981, The contributions of industrial organization to strategic management,
The Academy of Management Review, 6(4), pp. 609-620.

Rivette, K.G., and Kline, D., 2000, Rembrandts in the Attic: Unlocking the Hidden Value of
Patents, Boston, Harvard Business School Press.

Rosenberg, N., 1982, Learning by using, In: Inside the Black Box: Technology and
Economics, Cambridge: Cambridge University Press, pp. 102- 140.

Rosenberg, N., 1994, Exploring The Black Box: Technology, Economics, And History,
Cambridge: Cambridge University Press.

Rosenkopf, L., and Almeida, P., 2003, Overcoming local search through alliances and
mobility, Management Science, 49, pp. 751-766.

Ryall, M.D., Sampson, R.C. 2008. Formal Contracts in the Presence of Relational
Enforcement Mechanisms: Evidence from Technology Development Contracts,
forthcoming, Management Science.

Simard, C., West, J., 2006, Knowledge networks and the geographic locus of innovation, in
Open Innovation: Researching a New Paradigm, Chesbrough, H., Vanhaverbeke, W., and
West, J., eds., Oxford: Oxford University Press, pp. 220-240.

Simcoe, T., 2006, Open standards and intellectual property rights, in Open Innovation:
Researching a New Paradigm, Chesbrough, H., Vanhaverbeke, W., and West, J., eds.,
Oxford: Oxford University Press, pp.161-183.

Teece, D.J., 1986, Profiting from Technological Innovation: Implications for Integration,
Collaboration, Licensing and Public Policy, Research Policy, 15(6), pp. 285-305.

Vanhaverbeke, W., 2006, The inter-organizational context of open innovation, in Open
Innovation: Researching a New Paradigm, Chesbrough, H., Vanhaverbeke, W., and West,
J., eds., Oxford: Oxford University Press, pp. 205-219.

West, J., 2006, Does Appropriability enable or retard open innovation? in Open Innovation:
Researching a New Paradigm, Chesbrough, H., Vanhaverbeke, W., and West, J., eds.,
Oxford: Oxford University Press, pp. 109-133.



pg28

West, J., and Gallagher, S., 2006, Patterns of open innovation in open source software, in
Open Innovation: Researching a New Paradigm, Chesbrough, H., Vanhaverbeke, W., and
West, J., eds., Oxford: Oxford University Press, pp. 82-108.



Table 1: US Patent Classes in each Patent Bins

pg 29

Patent Bin Competitive Downstream Upstream Unrelated
(All)
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IPROCESS GRAPHICS
257 ACTIVE IPROCESSING, IELECTRICITY: ELECT [TYPEWRITING
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(E.G., TRANSISTORS, [PROCESSING, & 430 RADIATION @28 STOCK
SOLID-STATE DIODES) [SELECTIVE VISUAL IMAGERY IMATERIAL OR MISC
714 ELECT IDISPLAY SYSTEMS ICHEMISTRY: IARTICLES
ICOMPUTERS & 360 DYNAMIC IPROCESS, 250 RADIANT
IDIGITAL PROCESSING MAGNETIC INFORMA- [COMPOSITION, OR IENERGY
SYSTEMS: ERROR TION STORAGE OR IPRODUCT THEREOF 271 SHEET
IDETECTION/ IRETRIEVAL 324 IFEEDING OR
ICORRECTION & 707 DATA DELIVERING
IFAULT DETECTION/  |PROCESSING: IELECTRICITY: 318
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US Pate nt ICOMPUTERS & STRUCTURES, OR 427 COATING IMOTIVE POWER
. IDIGITAL PROCESSING [DOCUMENT IPROCESSES SYSTEMS
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ICOMPUTERS & COMPUTERS & 216 ETCHING A |[DEVICES: SYSTEMS
IDIGITAL DATA IDIGITAL PROCESSING |[SUBSTRATE: 355
IPROCESSING SYSTEMS: MULTIPLE [PROCESSES
SYSTEMS: INPUT/ COMPUTER OR 359 OPTICS: IPHOTOCOPYING
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SYSTEMS: SUPPORT (704 DATA 331,235,73,363, 134, (436,225, 1, 116, 396, 53,
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ICIRCUITS, & SYSTEMS|LANGUAGE 528, 525, 106, 432, 226, [279, 292, 362, 52, 140,
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SHIFT REGISTERS:
ICIRCUITS & SYSTEMS
Notes:  The top patent classes in each bin are the ones for which IBM has the highest number of patents.

All US patent classes in which either IBM or Intel received a patent are listed.




Table 2: Number of patents in each patent bin (1976-2004)
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Patent Bin IBM patents Intel patents AMD patents
Competitive 12943 (33.6%) 5223 (56.7%) 5607 (72.5%)
Downstream 14856 (38.5%) 2245 (24.4%) 955 (12.4%)

Upstream 8034 (20.9%) 1487 (16.1%) 934 (12.1%)

Unrelated 2699 (7.0%) 253 (2.8%) 237 (3.0%)

TOTALS 38532 9208 7733




Figure 1: Chronology of Key Events: IBM and Intel
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Figure 3: R&D expenditure of IBM, Intel and AMD
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Figure 4: Patents Per Bin: IBM (top), Intel (Middle) and AMD (Bottom)

4000

3000

2000

1000

¥00¢
€00¢
¢00¢
100C
000¢
6661
8661
1661
9661
G661
v661
€661
c661
1661
0661
6861
8861
1861
9861
G861
861
€861
2861
1861
0861
6161
8161
1161
961

Year

4000

3000

2000

1000

¥00C
€00¢
¢00¢
L00¢
000¢
6661
8661
1661
9661
G661
v661
€661
2661
1661
0661
6861
8861
1861
9861
G861
¥861
€861
2861l
1861
0861
6161
8.6l
L/61
9/61

Year

4000

3000

2000

1000

¥00C
€00¢
¢00¢
L00C
000¢
6661
8661
1661
9661
G661
v661
€661
c661
1661
0661
6861
8861
1861
9861
G861
¥861
€861
2861
1861
0861
6161
8161
L/61
9/61

Year

[] upstream

[ downstream ] unrelated

B competitive




pg35

Figure 5: Intel Patents (top) and AMD Patents (Bottom) as a Fraction of IBM Patents
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Figure 6: Cross-citation Index: IBM (Top), Intel (Middle) and AMD (Bottom)
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