
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?
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Table 1: US Patent Classes in each Patent Bins
Patent Bin Competitive 

(All)
Downstream Upstream Unrelated

US Patent 
Classes in 
this bin

438 SEMICON 
DEVICE MFG: 
PROCESS
257 ACTIVE 
SOLID-STATE DEVICES 
(E.G., TRANSISTORS, 
SOLID-STATE DIODES)
714 ELECT 
COMPUTERS & 
DIGITAL PROCESSING 
SYSTEMS: ERROR 
DETECTION/
CORRECTION & 
FAULT DETECTION/
RECOVERY
711 ELECT 
COMPUTERS & 
DIGITAL PROCESSING 
SYSTEMS: MEMORY
710 ELECT 
COMPUTERS & 
DIGITAL DATA 
PROCESSING 
SYSTEMS: INPUT/
OUTPUT
365 STATIC 
INFORMATION 
STORAGE & 
RETRIEVAL
712 ELECT 
COMPUTERS & 
DIGITAL DATA 
PROCESSING 
SYSTEMS: 
PROCESSING 
ARCHITECTURES & 
INSTRUCTION 
PROCESSING (E.G. 
PROCESSORS) 
713 ELECT 
COMPUTERS & 
DIGITAL PROCESSING 
SYSTEMS: SUPPORT
327 MISC 
ACTIVE ELECT 
NONLINEAR DEVICES, 
CIRCUITS, & SYSTEMS
326
 
ELECTRONIC DIGITAL 
LOGIC CIRCUITRY
708 ELECT 
COMPUTERS: 
ARITHMETIC 
PROCESSING & 
CALCULATING
380
 
CRYPTOGRAPHY
377 ELECT 
PULSE COUNTERS, 
PULSE DIVIDERS, OR 
SHIFT REGISTERS: 
CIRCUITS & SYSTEMS

Top 10:
345 COMPUTER 
GRAPHICS 
PROCESSING, 
OPERATOR INTERFACE 
PROCESSING, & 
SELECTIVE VISUAL 
DISPLAY SYSTEMS
360 DYNAMIC 
MAGNETIC INFORMA- 
TION STORAGE OR 
RETRIEVAL
707 DATA 
PROCESSING: 
DATABASE & FILE 
MANAGEMENT, DATA 
STRUCTURES, OR 
DOCUMENT 
PROCESSING
709 ELECT 
COMPUTERS & 
DIGITAL PROCESSING 
SYSTEMS: MULTIPLE 
COMPUTER OR 
PROCESS 
COORDINATING 
395
 
INFORMATION 
PROCESSING SYSTEM 
ORGANIZATION
370 MULTIPLEX 
COMMUNICATIONS
382 IMAGE 
ANALYSIS
369 DYNAMIC 
INFORMATION 
STORAGE OR 
RETRIEVAL
341 CODED DATA 
GENERATION OR 
CONVERSION
704 DATA 
PROCESSING: SPEECH 
SIGNAL PROCESSING, 
LINGUISTICS, 
LANGUAGE 
TRANSLATION, & 
AUDIO COMPRESSION/
DECOMPRESSION

Others: 375, 358, 348, 
340, 705, 706, 700, 379, 
349, 702, 455, 333, 178, 
200, 381, 343, 342, 701, 
386, 353, 429, 463, 332, 
364, 101, 273

Top 10:
361
 
ELECTRICITY: ELECT 
SYSTEMS & DEVICES
430 RADIATION 
IMAGERY 
CHEMISTRY: 
PROCESS, 
COMPOSITION, OR 
PRODUCT THEREOF
324
 
ELECTRICITY: 
MEASURING & 
TESTING
427 COATING 
PROCESSES
29 METAL 
WORKING
216 ETCHING A 
SUBSTRATE: 
PROCESSES
359 OPTICS: 
SYSTEMS (INCLUDING 
COMMUNICATION) & 
ELEMENTS
347
 
INCREMENTAL 
PRINTING OF 
SYMBOLIC 
INFORMATION
439 ELECT 
CONNECTORS
356 OPTICS: 
MEASURING & 
TESTING

Others: 228, 156, 174, 
399, 385, 205, 204, 219, 
331, 235, 73, 363, 134, 
372, 313, 165, 451, 118, 
323, 414, 117, 252, 148, 
264, 330, 505, 307, 242, 
528, 525, 106, 432, 226, 
378, 83, 501, 524, 62, 
374, 445, 206, 420, 419, 
425, 338, 523, 336, 522, 
210, 406, 494, 15, 34, 
423, 141, 209, 510, 239, 
270, 368, 388, 408, 556, 
33, 417, 51, 329, 415, 
521, 526, 549, 55, 137, 
367, 534, 540, 376, 392, 
502, 546, 568, 588, 95, 
96, 508, 548, 560, 562, 
564, 570.

Top 12:
400
 
TYPEWRITING 
MACHINES
428 STOCK 
MATERIAL OR MISC 
ARTICLES
250 RADIANT 
ENERGY
271 SHEET 
FEEDING OR 
DELIVERING
318
 
ELECTRICITY: 
MOTIVE POWER 
SYSTEMS
315 ELECTRIC 
LAMP & DISCHARGE 
DEVICES: SYSTEMS
355
 
PHOTOCOPYING
310 ELECT 
GENERATOR OR 
MOTOR STRUCTURE
346 RECORDERS
335
 
ELECTRICITY: 
MAGNETICALLY 
OPERATED SWITCHES, 
MAGNETS, & 
ELECTROMAGNETS
248 SUPPORTS
384 BEARINGS

Others: 312, 84, 269, 
442, 198, 320, 600, 294, 
606, 65, 136, 422, 434, 
436, 225, 1, 116, 396, 53, 
74, 109, 126, 128, 222, 
227, 236, 403, 454, 493, 
100, 16, 192, 221, 277, 
279, 292, 362, 52, 140, 
184, 188, 211, 220, 234, 
283, 366, 40, 409, 433, 
435, 474, 492, 60, 604, 
623, 70, 72, 75, 81, 108, 
138, 164, 172, 173, 181, 
191, 193, 229, 232, 241, 
254, 266, 267, 280, 285, 
337, 373, 4, 411, 424, 
431, 601, 607, 716, 91, 
92, 102, 122, 125, 132, 
177, 182, 186, 194, 202, 
23, 24, 246, 290, 297, 
298, 30, 352, 36, 37, 404, 
405, 416, 43, 47, 473, 
483, 558, 57, 585, 7, 89. 

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.

pg 29



Table 2: Number of patents in each patent bin (1976-2004)

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
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Figure 1: Chronology of Key Events: IBM and Intel
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Figure 2: Chronology of Key Events: IBM and AMD
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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)
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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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