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Introduction

The emergence of global corporate networks that integrate dispersed production,
engingering, product development and research activities across geographic bor-
ders poses new challenges and opportunities for national industrial and innovation
poiicies. This book is a collection of essays on questions that are of great importance
for policy debates and management strategies in emerging economies:
* What are the driving forces and characteristics of these global networks?
* What do we know about the increasing diversity and complexity of these net-
works?
* What are possible impacts on the geographic distribution of knowledge?
* Where does China's ambitious strategy to upgrade its economy through in-
novation fit into this new geography of innovation?
* And what lessons, if any, could be drawn for policies in emerging economies
that seek 1o capture the gains from global network integration?

The book has greatly benefited from extremely stimulating discussions during my
participation at the Catedra Extraordinaria México-China in 2015 and during a seties
of lectures | gave in March 2015. | owe new insights to faculty and students at UNAM
about China’s role in Latin America, especially in Mexico. A seminar at the Consulta-
tive Forum on Science and Technology (an independent relevant group of scientists
related to the government) and meetings with information technology industry repre-
sentatives generated profound brainstorming discussions about Mexico's industrial
manuifacturing and innovation challenges. t am grateful for having been selected for
this program. Most importantly, | owe a great debt of gratitude to Professor Enrique
Dussel Peters, a great scholar, gracious host, and personal friend.

The following chapters originally appeared as East-West Center Working Papers.






Global Production Networks, Knowledge
Diffusion, and Local Capability Formation.
A Conceptual Framework

Dieter Ernst and Linsu Kim

Introduction

Global production networks (GPN) transform the production and use of knowledge,
with far-reaching implications for an evolutionary theory of economic change. There is
a fundamental trend towards increasing mobility of knowledge, vyet little do we know
about drivers and implications. Twenty years after the picneering book of Nelson and
Winter', it is time to develop a research agenda that addresses these transforma-
tions, based on a combination of appreciative thecry, case studies, econometric
work and formal modeling.

A major constraint is a iack of communication between research on GPN, re-
search on international knowledge diffusion, and research on local capability forma-
tion. While all three are highly relevant strands of research, their lack of interaction
obstructs our understanding of how global networks affect knowledge diffusion and
the formation of local capabilities. There is a need 1o bridge this gap through "appre-
ciative theories”, as defined in Richard Nelson s thought-provoking review of eco-
nomic growth theory?,

This paper develops a conceptual framework that links together the above three
areas of research, as afirst step towards an appreciative theory. We argue that global-
ization has culminated in an important organizational innovation: the spread of GPN.
These networks combine concentrated dispersion of the value chain across firm and
national boundaries, with a parallel process of integration of hierarchical layers of

1. Nelson, R.oand S G, Winter, 1082, An Evolutionary Theory of Economic Change, Bellknap Press, Cambridge, Mas-
sachussetts.

2. 3ee: Nelson, Richard, 1995, “The Agenda for Growth Theory A Different Point of View”, 1454 Working Faper In
contragl to formal growth theories, appreciative theories do not atternpl to compress styfized facts into rigorous
formulations. Aather, an attempt is made to nclude more of the abserved ermpirical richness of T and transfarrma-
tions in business organization than formal theories. This of course comes at the cost of being unable to model these
refaticnships mathematically Hence the need for formal theares. But for the latfer to ba fruitful, they need to be
based on appreciative theories, and on the findings of case studies and ecorometric analysis.
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network participants. This has created new opportunities for international knowledge
diffusion that lowertier network suppliers should strive to expioit. To substantiate this
argument, we proceed as follows. Section 1 sketches our research agenda, while
section 2 analyzes the three dynamic forces that drive the rapid development of
(GPN. Section 3 highlights the economic structure and peculiar characteristics of the
flagship model of GPN. Section 4 explores the categories of knowledge, and the
mechanisms of knowledge transfer from flagship companies to local network suppli-
ers. And in section 5, we discuss under what conditions GPN can act as mediators
of local capability formation. We conclude with policy and management implications
for global flagships and local suppliers, and spell out priorities for future research.

1. Research Agenda

Multinational corperations (MNCs) have been around for a long time?®. Until recently, their
international production has focused on the penetration of protected markets through
tarift-hopping investrments, and on the use of assets developed at home to exploit inter-
national factor cost differentials, primarily for labort. This has given rise to a peculiar pat-
tern of international production: offshore production sites in low-cost locations are linked
through triangular trade with the major markets in North America and Eurcpe®.

A progressive liberalization and deregulation of international trade and investment,
and the rapid development and diffusion of information and communication technol-
ogy (IT) have fundamentaliy changed the global competitive dynamics, in which MNCs
operate. While both market access and cost reductions remain important, it became
clear that they have to be reconcited with a number of equally important requirements
that encompass: the exploitation of uncertainty through improved operational flexibility®;
a compression of speed-to-market through reduced product development and product
life: cycles’; learning and the acquisition of specialized external capabilities®; and a shift of
market penetration strategies from established to new and unknown markets®.

3. Wilking, M., 1870, The Ernergence of Multinationaf Enterprise, Harvard University Press, Cambridge MA.

4 See for example: Dunning, John. 1981, Infemational Production and the Multinational Enterprise, George Allen &
Unwin, London.

5. Dicken, Peler, 18992, Global Shift: The internatonafization of Economic Activity, London® Paut Chapman, 2nd edition.

8. #ogut, Bruce, 1985, "Designing Global Strategies: Prafiting from Operational Flexibility," Sloan Management Review,
fall; and Kogut, Bruce and M. Kulatilaka, 1984, "Operating Flexibility, Global Manufacturing, and the Option Walue of
a Multinational Network,” Management Science, 40, 1, January.

7. Flakerty, Theresa. 1986, "Coordinaling Inlernationa! Manutacturing and Technology.” in Michael Porter (ed.}, Compe-
tition in Global Industries, Boston, Harvard Business School Press.

B Antonel, C. (ed), 1992 The Feonomics of information Networks, Elsevier Morth Holland, Amslerdam; Kogut, Bruce
and U. Zander, 1993, “Knowledge ot the Firm and the Evolutonary Theory of the Multinational Carparation,” Journal
of International Business Studies, fourth quarter; Zander U and Bruce Kogut, 1965, "Knowledge and the Speed of
the Transfer and Imitation ol Organizational Capabilities” An Empincal Test," Organizational Science 6, Zanfel, A
2000, “Transnational firms and the ehanging organisation of innowvative activities”, Cambridge Journal of Economics
24: 515-542; Dunning, John fed.), 2000, Regrons, Giobalization and the Knowladge-Based Econarmy. Oxford Univer-
sity Press.

9. Chrislensen, C. M., 1997, The Innovator's Ddemma, When Mew Technologies Cause Great Firms to Fail, Boston,
Harvard Business Schoo! Press.

10
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In response to the ingreasingly demanding requirements of global competition,
three interrelated transformations have occurred in the organization of international
economic transactions. First, global production networks (GPN) have proliferated
as a major organizational innovation in global operations™. Second, these networks
have acted as a catalyst for international knowledge diffusion, providing new op-
portunities for local capability formation in lower-cost locations outside the industrial
heartlands of North America, Western Europe and Japan. Third, a long-term process
of “digitat convergence”'!, enabling the same infrastructure to accommodate manip-
ulation and transmission of voice, video, and data, has created new opportunities for
organizational learning and knowledge exchange across organizational and national
boundaries, hence magnifying the first two transformations.

The combination of these three transformations has changed dramatically the
international geography of production and innovation. We focus on the first two of
these transformations'2. The first {ransformation signals a new divide in industrial
organization: a transition is under way from “multinational corporations”, with their
focus on standalone overseas investment projects, to “global network flagships” that
integrate their dispersed supply, knowledge and customer bases into global (& re-
gional) production networks™. There is a growing acceptance in the literature that, to
capiure the impact of globalization on industriat organization and knowledge diffu-
sion, the focus of research needs to move from the industry and the individual firm to
the international dimension of business networks',

But our understanding of these networks is limited. Research on GPN is at the
formative stage and shares three common weaknesses. First, most studies have
focused oo narrowly on the perspective of the network flagship {"flagship bias"}’s.

10. Borrus, M., D, Ernst, and S Haggard (eds.), 2000, intemational Production Networks in Asia. Rivalry or Riches? Roul-
ladge, London atc.

11, Chandler, A.D. and J.W Cortada. 2000, "The Information Age: Continuities and Ditferences”, chapter 9 in: Chandier,
A. D and JW. Cortada (eds.), A Nation Transformed by information, Oxford University Press, Oxford and New York

12 The impact of “digital convergence” is addressed in Emst, D., 2001, "Digital information Sysiems and Global Flag-
ship Networks - A New Divide in Indusirial Organization™, paper, the International Richard Nelson and Sidney Winter
Conference, Aalborg, Denmark. June 12-15. 2001, organized by the Danish Ressarch Unit on Industrial Dynamics
(DRUID) and 2001, "“Digital informalion Systems and Global Production Networks - Developmental implications”, 1o
appear in: Latham, R. and 8. Sassen, eds, Conflict and Cooperation in a Connecled World, Social Science Research
Council (SSRC), Mew York, forthcoming.

13. Ernst, D., 1997, "From Partial to Systemnic Globalization. International Production Networks in the Electronics Indus-
iry", repont prepared for the Sloan Foundation project on the Globalization in the Cata Storage Industry, The Datla
Siorage Industry Globalization Project Report 97-02, Graduate School of International Relations and Pacific Studies.
University of California at San Diego (94 pages) and 2001, "The Economics of Electronics Indusiry: Competitve
Dynamics and Industrial Crganization”, th: The International Encyclopedia of Business and Management (JEBM),
editors: Malcolm Warner and William Lazanick.

14, Ghoshal, 8. and C. A Bartlet, 1990, "The Multinationat Corpeoration as an Inlercrganizational Network' | Academy of
managerment Aeview, Vol.15, No.4, 603-625; Gereffi, Gary and Miguel Korzeniewicz (eds). 1934, Commodily Chains
and Giobal Capitalism, Praeger, Wesiport, CT, UNCTAD, 1993, World investment Beport, 1993; Transnational Corpora-
tions Infegraied Intemational Froduction, Geneva, Rugman, AM. and J. B. D" Cruz, 2000, Muftinationals as Flagstip
Firmns. Re—gional Business Networks, Oxford University Press, Oxdord and New York; Birunshaw. .. and P Hagstrem
(eds.), 2000, The Flaxbie Firm. Capability Man—agement in Network Organizations, Oxford University Press, Oxtord etc.

15. Rugman, A.M. and ). R. D" Cruz, 2000, Muttinationals as Flagstip Firms. Regional Business Networks, Oxdord Univer-
sity Press, Oxford and New York.

11
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We need research that explores as well implications for network suppliers, especially
lower-tier suppliers from developing countries. Second, research has focused pri-
marily on the geographic dispersion of tangible production, but tells us little about
other aspects of global networks (“praduction bias"). While global networks in finan-
cial services are relatively well covered, we need research on the evolving global
networks of business and information services'®. Third, there is also an “R&D bias™
research has focused narrowly on the relocation of R&D and strategic alliances pri-
marily among regions in the US, Western Europe and Japan'”. The impact of GPN
on the diffusion of other forms of knowledge, especially knowledgeintensive suppaort
services, has been largely negiected, and this is true in particular for their diffusion
o lower-cost locations.

We adopt a broader approach, analyzing as well the geographic dispersion of
cross-functional, knowledge-intensive support services that are intrinsically linked
with production, such as human resource management, global supply chain man-
agement, and knowledge management. Even if these activities do not involve formal
R&D, they still give rise to considerable international knowledge diffusion and knowl-
edge sharing'®,

Egually important is the second transformation: GPN in their operations report-
edly disseminate important knowledge to local suppliers in low-cost locations,
which could catalyze local capability formation. Knowledge transfer, however, is not
autcmatic. It requires a significant level of absorptive capacity on the part of local
suppliers and a complex process to internalize disseminated knowledge. But our
understanding of knowledge transfer and local capability formation is limited. Inte
national knowledge transfer has been extensively studied, but research has prirmarily
focused on such formal mechanisms as foreign direct investment (FDI) and foreign
licensing (FL)'. These formal mechanisms, however, are only the tip of the iceberg.
A larger amount of knowledge is transferred through various informal mechanisms®,
Research on informal knowledge transfer is scarce. The importance of local capa-

16. Such as research presented in Aharoni, Y. and L. Machum {eds.), 2000, Giobafzation of Services. Some frnplications
for Theory and Practice, Routledge, London and New York

17. Birkinshaw, ). and F Hagstrem, The Flexible Firm; Rugman, & M. and J. R. D' Cruz, Muflinationals as Flagshio Firms.

1B. Emst, D.. 2001, "Global Production Networks and the Changing Geography of Innovation Systerns. implications
for Developing Countries”, special issue of the Journal of the Econemics of Innovation and New Technologias , an
“integrating Policy Perspectives in Research on Technology and Economic Growth”, edited tyy Anthony Bartzokas
and Morris Teubal.

19. Reddy, N.M. and Zhao, L., 1990. "Inlernalional technology transfer. a review”.

20. Westphal, Larry, Linsu Kim, and Carl Dahiman, 1985, "Reflections on the Republic of Korea's Acquisition of Techno-
logical Capabiling,” in Nathan Rosenberg and Claudio Frischtak (eds } infernalional Technology Transfer: Concepts,
Measures, and Compansons, New York, Pragger, 167-221; Kirn, Linsu, 1981, “Pros and Cons ol International Tech-
nology Transter: An Developing Counltry View” in Tamir Agmoen and Mary Ann von Glinow (eds ), Technology Transfer
in ffermational Business, New York, Oxford University Press, 223-238; 1997 imitation fo innovation: The Dynamics
of Korea's Technologicat Learming, Boston, Harvard Business School Press, Emnst, Dieter, T Ganiatsos and Lynn
Mytelka, 1898, Technofogical Capabilities and Expont Success: Lessons fram East Asia, London, Routledge: Ermnst,
Dieter, 2000, "Inier-Organizational Knowledge Outsourcing: What Perrmits Small Tawanese Firms to Compete in the
Computer Industry? Asia Pacific Journal of Management, 17, 2, 223-255.

12
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bilities in assimilating, adapting, and improving imported technology has long been
recognized, but few studies exist on the complex process of local capability forma-
tion in developing countries.

2. Forces DPriving Global Production Networks

What has driven the shift in industrial organization from “multinational corporations”
1o "global network flagships” that integrate their dispersed supply, knowledge and
customer bases into global (& regionai) production networks? Ta answer this ques-
tion, we introduce a stylized model of globalization drivers, focusing on three inter-
related explanatory variables: institutional change through liberalization, information
technology, and competition.

2.1. Institutional Change: Liberalization

North?! defines institutions as “the rules of the game of a society that structure human
interaction.” They are composed of formal rules (statute law, common law, regula-
tions), informal constraints (conventions, norms of behavior, and self-imposed codes
of conduct), and the enforcement characteristics of both. Institutions shape the allo-
cation of resources, the rules of competition and firm behavior.

We take liberalization as convenient shorthand for institutional changes that affect
globalization. Liberalization dates back to the early 1970s: it thrived in respense to the
breakdown of fixed exchange rate regimes and the failure of Keynesianism to cope
with pervasive stagflation. To a large degree, it has been initiated by government
policies. But there are also other actors that have played an important role: financial
institutions; rating agencies; supra-national institutions like bi-lateral or multi-lateral
investment treaties and regional integration schemes, like the EU or NAFTA. In some
countries with decentralized devolution of political power, regional governments can
also play an important role.

Liberalization includes four main elements: trade liberalization; liberalization of
capital flows; liberalization of FDI policies; and privatization. While each of these has
generated separate debates in the literature, they hang together. Earlier success
in trade liberalization has sparked an expansion of trade and FDI, increasing the
demand for cross-border capital flows, This has increased the pressure for a liber-
alization of capital markets, forcing more and more countries to open their capital
accounts. In turn this has ied to a liberalization of FDI policies, and to privatization
tournaments.

The overall effect of liberalization has been a considerable reduction in the cost
and risks of international transactions and a massive increase in international liquid-

21, North, D C., 1896, “Institubion, Organizations, and Market Competiton,” keynote address to he Sixth Conterence of
the International Juseph Schumpeter Society, Stockholm. 2-5 Jure, 12.

13
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ity. Global corporations {the network flagships) have been the primary beneficiaries:
liberalization provides them with a greater range of choices for market entry between-
trade, licensing, subcontracting, franchising, etc. (locational speciatization) than oth-
erwise; it provides better access to externat resources and capabilities that a flagship
needs to complement its core competencies (outsourcing); and it has reduced the
constraints for a geographic dispersion of the value chain (spatial mobility).

We also need to emphasize a perplexing result: as liberalization has been ad-
opted as an almost universal policy doctrine, it has lost much of its earlier power to
influence locational decisions. As their FDI policies become indistinguishable, host
countries are forced to differentiate themselves by other means, and to implement
much more aggressive policies. The result has been a rapid proliferation of comple-
mentary policies geared to business facilitation and the deveiopment of created as-
sets. This explains why a replication of clustering effects at muliiple locations is now
a realistic option.

2.2. The Dual Impact of Information and Communication Technology

A second important driver of GPN has been the rapid development and diffusion of
information and communication technology (IT). These technologies have had a dual
impact: they increase the need and create new opportunities for globalization. This
argument is based on two propositions. First, the cost and risk of developing IT has
been a primary cause for market globalization: international markets are required to
amortize fully the enormous R&D expenses associated with rapidly evolving process
and product information technologies®. Of equal importance are the huge expenses
for IT-based organizational innovations?. As the extent of a company s R&D effort
is determined by the nature of its technology and competition rather than its size,
this rapid growth of R&D spending requires a corresponding expansion of sales, if
profitability is to be maintained. No national market, not even the US market, is large
enough to amortize such huge expenses.

A second proposition explains why international production rather than exports
have become the rmain vehicle for international market share expansion. Of critical
importance has been the enabling role played by IT: it has substantially increased
the mohility, i.e. dispersion of firm-specific resources and capabilities across national
boundaries; it also provides greater scope for cross-border linkages, i.e.the integr
tion of dispersed specialized clusters. This has substantially reduced the friction of
time and space, both with regard to markets and production: a firm can now serve

22 Kobrin, 8.J., 1997, "The Architeciure of Globalzalion: State Sovereignty in a Networked Global Economy”, in: J.H.
Dunning {ed.). Governments, Globalizalion and Infernational Business, Oxford University Press, London etc., 149.

23, Brymjolfson, E. and L.M. HH, 2000, “Beyond Computation: Information Technology, Organizational Transformabons
and Business Pertormance”. manuscript, Sloan School of Managerment, MIT, July; Ernst, Dieter and 0. O'Connor,
1992, Technology and Global Competition: The Challenge for Newly industrializing Economies, OECD Developrrent
Centre Studies, Paris, chapter 1,

14
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distant markets equally well as local producers; it can also now disperse its value
chain across national borders in order to select the most cost-effective location.

In addition, IT and related organizational innovations provide effective mecha-
nisms for constructing flexible infrastructures that can link together and coordinate
economic transactions at distant locations?, This has important implications for or-
ganizational choices and locational strategies of firms. In essence, IT fosters the de-
velopment of leaner, meaner and more agile production systerns that cut across firm
boundaries and national borders. The underlying vision is that of a network of firms
that enable a global network flagship to respond quickly to changing circumstances,
even if much of its value chain has been dispersed.

2.3. Competition and Industrial Organization

Together with liberalization, IT has drastically changed the dynamics of competition.
Again, we reduce the complexity of these changes and concentrate on two impacts:
a broader geographic scope of competition; and a growing complexity of competi-
tive requirements. Competition now cuts across national borders - a firm s position
in one country 15 no longer independent from its position in other countries®. This
has two implications. The firm must be present in all major growth markets (disper-
sion). It must also integrate its activities on a worldwide scale, in order to exploit and
coordinate linkages between these different locations (integration). Competition also
cuts across sector boundanes and market segments: mutual rai ding of established
market segment fiefdoms has become the norm, making it more difficult for firms to
identify market niches and to grow with them.

This has forced firms to engage in complex strategic games to pre-empt a competi-
tors’ move. This is especially the case for knowledge-intensive industries like electron-
ics®. Intense price competition needs to be combined with product differentiation, in
a situation where continuous price wars erode profit margins. Of critical importance,
however, is speed-to-market: getting the right product to the largest volume segment
of the market right on time can provide huge profits. Being late can be a disaster, and
may even drive a firm out of business. The result has been an increasing uncertainty
and volatility, and a destabilization of estabiished market leadership positions®.

24. Hagstrem, P, 2000, "New Wine in Old Bonles: Information Technology Evolubon in Firm Strategy and Structurg”, in:
Birlanshaw, .J. and P Hagstram (eds.), 2002, The Flexibie Firrm. Capabiity Managernent in Network Organizations, Ox-
ford University Press, Oxford elc . Antonell, C., 1992 {ed.}, The Economics of Information Networks, Elsevier North
Holland, Amstardam.

25. Porter, M., 1980, The Cornpetitive Advantage of Nations, Macmillan, London.

26. Ermsl, D, 2001, "The Econgmics of Electronics Industry: Competitive Dynamics and Industnial Organization”, in:
Warner, M. and W Lazonick, The intemafronal Encyclopedia of Business and Management {IEBM), Thomsan Learn-
ng, London.

27. Richardson. G.B . 1996, “ Competition, Innovation and Increasing Aaturns”, DRUID Warking Paper #96-10, Depart-
ment of Business Studies, Aalborg University, July; Ernst, D, 1998, "High-Tech Competibon Puzzles. How Globaliza-
fion Affects Firm Behavior and Market Struciure in the Electronics Industry”, Revue o Econormie Industriefia, No 85,
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This growing complexity of competition has changed the determinants of firm
organization and growth, as well as the determinants of lecation. No firm, not even a
dominant market leader, can generate all the different capabilities internally that are
necessary to cope with the requirements of global competition. Competitive success
thus critically depends on a capacity to selectively source specialized capabilities
outside the firm that can range from simple contract assembly to quite sophisti-
cated design capabilities. This requires a shift from individual 1o increasingly collec-
tive forms of organization, from the multidivisional (M-form} functional hierarchy?® of
“multinational corporations” to the networked global flagship model®.

Take the electronics industry, which has become the most important breeding
ground for this new industrial organization model. Over the last decades, a massive
process of vertical specialization has segmented an erstwhile vertically integrated in-
dustry into closely interacting horizontal layers®. An important catalyst was the avail-
ability of standard components, which allowed for a change in computer design away
from centralized (IBM mainframe) to decentralized architectures (PC, and PC-related
networks). This has given rise 1o the co-existence of complex, globally organized prod-
uct- specific value chains (e.g., for microprocessors, mermories, board assembly, PCs,
operating systems, applications software, and networking equipment).

Each of these value chains consists of a variety of GPN that compete with each
other, but that may also cooperate®. The number of such netwarks, and the intensity
of competition varies across sectors, reflecting their different stage of development
and their idiosyncratic industry structures. Until recently, these fundamental changes
in the organization of international production have been largely neglected in the
literature, both in research on knowledge spill-over through FDI, and in research on
the internationalization of corporate R&D.

3. Global Production Networks: Structure and Characteristics

3.1. The Network Flagship Model

The concept of a GPN covers both intra-firm and inter-firm transactions and forms of
coordination (see Figure 1): it links together the flagship “s own subsidiaries, affiliates

28, Williamson, O.E. 1975, Markels and Hierarchies: Analysis and Antitrust imgilications, New Yark, The Free Press;
Chzndler, A.D., 1977, The Visible Hang. the managedal Revolutar in Amencan Business, Harvard University Press,
Cambricige MA.

29. Ermst, [, 2001, "Digital Informaton 3ystems and Global Flagship Networks - & New Divide in Industrial Organiza-
tion", paper, the International Richard Nelson and Sidrey Wintar Canfererce, Aalborg, Denmark, June 12-15, 2001,
organized by the Danish Resgarch Unit on Industnial Dynamics {DRUID).

30. Grova, AS 1996, Onfy the Paranoid Survive. How 1o Exploft the Crisis Poirts that Chaffenge Every Company and
Career, Harper Colling Business. New York and London

31, Ernst, D, 2001, "Globat Production Networks and the Changing Gaography of Innavation Systerns. Implications for
Developing Countries”, special issue of the Journal of the Economics of innovalion and New Technologies an “Inte-
praling Policy Perspectives in Research on Technology and Economic Grawth”, edited by Anthony Bantzokas and
torns Teubal.
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and joint ventures with its subcontractors, suppliers, service providers, as well as
pariners in strategic alliances®. These arrangements may, or may not involve owner-
ship of equity stakes. A network flagship like 1BM or Intel breaks down the value chain
into a variety of discrete functions and locates them wherever they can be carried out
most effectively, where they improve the firm’s access to resources and capabilities
and where they are needed to facilitate the penetration of important growth markets.

Figure 1: The nodes of a global production network

Inter-firm
e
Independent Independent Distribution
supliers subcontractors channels
RAD Cooperative
aliances " # agresments
b . (standards
consortia, etc.)
Subsidiaries and Joi
affiliates ain ventures
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32. Ernsh, D., 1997, "Partners in the China Circle? The Asian Production Netwoarks af Japanese Electranics Firms', in:
Barry Naughien (ed.), The China Circle, The Brookings Institution Press, Washington, D.C.; 1997h, From Partial to
Systernic Globalization. Infernational Production Networks in the Electronics industry, report prepared for the Sloan
Foundation project on ihe Glabalizalion in the Data Storage Industry, The Data Storage Industry Globalization Proj-
ect Report 97-02, Graduate School of International Relations and Pacific Studies, University of California at San
Diego: 2001, "Global Production Networks and the Changing Geography ot Innovation Systems. Implications for
Developing Countries”, special issue of the Journal of the Econamics of thnovation and New Technologies on “Inte-
grating Policy Perspectives in Research on Technology and Econornic Growth”, edited by Anthony Bartzakas and
Morris Taubal
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The main purpose of these networks is to provide the flagship with quick and
low-cost access 10 resources, capabilities and knowledge that are complementary
to its core competencies. In other words, transaction cost savings matter. Yet, the
real benefits result from the dissemination, exchange and cutsourcing of knowl-
edge and complementary capabilities.

A focus on international knowledge diffusion through an extension of firm or-
ga-nization across national boundaries distinguishes our concept of GPN from
network theories developed by sociologists, economic geographers and innova-
tion theorists that focus on localized, mostly inter-personal networks®. The central
problem of these theories is that industries now operate in a global rather than a
localized setting®. Important complementarities exist, however, with work on global
commodity chains (GCC)*. A primary concern of the GCC literature has been to
explore how different value chain stages in an industry (i.e. textiles) are dispersed
across borders and how the position of a particular location in such GCC affects
its development potential.

As for the dynamics of network evolution, our approach differs fundamentally
from the transaction cost approach to networks and vertical disintegration that cen-
ters on the presumed efficiency gains from these organizational choices®. This
approach skips some of the mare provocative chapters in the economic history
of the modern corporation. Chandler’s vibrant histories {e.g., 1962) show that the
quest for profits and market power via increased throughput and speed of coordi-
nation were more important in explaining hierarchy than the traditional emphasis on
transaction costs. This implies that the analysis of the determinants of institutional
form must shift away from the narrow focus on transactions costs to the broader
competitive environment in which firms operate. It is time 10 bring back into the
analysis market structure and competitive dynamics, as well as the role played by
knowledge and innovation.

Our concept of GPN similarly points to these often-overlooked dimensions of
organizational choice. Like hierarchies, GPN not only promise to improve efficien-
¢y, but can permit flagships tc sustain quasi-monepoly positions, generate market
power through specialization, and raise entry barriers®; they also enhance the net-

33 Powell, W, and L. Smith-Doerr, 1994, "Networks and Economic Life”. in: N Smelser and R. Swedber (eds.), The
Handbook of Economic Sociofogy, Frinceton University Press, Princeton, 368-402.

34. Emst, D., P Guerrieri, S. lammarnino, and C. Pielrobelh, 2001, "New Challenges for Industrial Disiricts: Global Produc-
tion Metworks and Knowledge Diffusion”, concluding chapter, in: Guerrier, P, 5. lammarino, and C. Pietrobelli (eds ),
Srnall Enterprise Clusiers in Globalized Industries - taly and Taiwan, Ecward Elgar, Aldershol.

35. Gereffi, Gary and Miguel Korzeniewicz, Commodily Chains and Globaf Capitalism.

36. Williamson, Q.E., 1985, The Econarmic institutions of Capitalism, Firns, Markets and Relational Contracis, New York,
The Free Press; Williamson, O.E.. 1998, "Strategy Research: Govemnance and Competence perspectives”, Haas
Schoal of Business, University of Califormia, manuscript, June; Mitgrom, P and J. Roberts, 1992, "The Economics
ol Modern manufaciuring: Technology, Strategy, and Qrganization”, The American Economic Review. Vol. B0, no 3:
511- 528.

37. Ernst, D., 2001, "The Economics of Electronics Industry: Competitive Dynamics and Industnal Organization”.
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work flagships * capacity for innovation®. These considerations are of particular con-
cern for developing countries’ integration into GPN, and their capacity to strengthen
their local capabilities. Two distinctive characteristice of GPN shape the scope for
international knowledge diffusion: a rapid yet concentrated dispersion of value chain
activities, and, simultanecusly, their integration into hierarchical networks.

3.2. Concentrated Dispersion

GPN typically combines a breath-taking speed of geographic dispersion with spa-
tial concentration: much of the recent cross-border extension of manufacturing and
services has been concentrated on a growing, but still limited number of specialized
fower-cost clusters. Apart from the usual suspects in Asia (Korea, Taiwan, China,
Malaysia, Thailand, and now also India), this includes once peripheral locations in
Europe {e.g., Ireland, Central and Eastern Europe and Russia), Brazil, Mexico, and
Argentina in Latin America, some Carribbean locations ( like Costa Rica), and a few
spots elsewhere in the so-called RoW (= rest of the world}.

The inclusion of these clusters intc GPN creates new opportunities for knowledge
diffusion to local suppliers, which could catalyze local capability formation. Differ-
ent clusters face different opportunities and constraints, depending on the product
composition of the GPN. The degree of dispersion differs across the value chain: it
increases, the closer one gets to the final product, while dispersion remains concen-
trated especially for critical precision components.

Let us look at some indicators in the electronics industry, a pace setter of GPN®.
On one end of the spectrum is final PC assembly that is widely dispersed to ma-
jor growth markets in the US, Europe and Asia. Dispersion is still quite extended
for standard, commodity-type components, but less so than for final assembly. For
instance, flagships can source keyboards, computer mouse devices and power
switch supplies from many different sources, both in Asia, Mexico and the European
periphery, with Taiwanese firms playing a major role as intermediate supply chain
coordinators. The same is true for lower-end printed circuit boards. Concentration
of dispersion increases, the more we move toward more complex, capital-intensive
precision components: memory devices and displays are sourced primarily from Ja-
pan, Korea, Taiwan and Singapore; and hard disk drives from a Singapore-centered
triangle of locations in Southeast Asia. Finally, dispersion becomes most concentrat-
ed for high-precision, design-intensive components that pose the most demanding
requirements on the mix of capabilities that a firm and its cluster needs to master:

38, Laronick, W., 2000, Understanding Innovative Enterprise: Toward the Integration of Economic Theory and Business
History, manwusenpt, University of Masachusetss Lowell and The European Institute of Business Administration (IN-
SEAD), Fontainebleau, May.

39, Ernst, D, 2001, "Global Production Networks and the Changing Geegraphy of innovation Systerns. Implications for
Developing Countries”.
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microprocessors for instance are sourced from a few globally dispersed affiliates of
intel, two secondary American suppliers, and one recent entrant from Taiwan, Via
Technologies.

The hard disk drive (HDD) industry provides ancther example both for quick dis-
persion, as well as for spatial concentration. Until the early 1980s, almost all HDD
production was concentrated in the U.S., with limited additional production facilities
in Japan and Europe. Today, only 1 percent of the final assembly of HDDs has re-
mained in the US, while Southeast Asia dorminates with almost 70% of world produc-
tion, based on units shipped. Slightly less than half of the world s disk drives come
from Singapore, with most of the rest of the region s production being concentrated
in Malaysia, Thailand, and the Philippines.

Seagate, the current industry leader, provides a good example of the flagship
model of concentrated dispersion. Today, Seagate operates 22 plants warldwide: 14
of these plants, 1.e. 64% of the total, are located in Asia. Asia's share in Seagate's
worldwide production capacity, as expressed in sq-ft, has increased from roughly
35% in 1990 to slightly more than 61% in 1995 - an incredible speed of expansion.
Concentrated dispersion is also reflected in the regional breakdown of Seagate's
employment. Asia's share increased from around 70% in 1990 to more than 85% in
1895,

in short, rapid cross-border dispersion coexists with agglomeration. GPN extend
national clusters across national borders. This implies two things: First, some stages
of the value chain are internationally dispersed, while others remain concentrated.
And second, the internationally dispersed activities typicailly congregate in a limited
number of overseas clusters. This clearly indicates that agglomeration ecanomies
continue to matter, hence the path-dependent nature of development trajectories for
individual specialized industrial clusters.

3.3. Integration: Hierarchical Layers of Network Participants

A GPN encompasses both intra-firm and inter-firm linkages and integrates a diversity
of network panicipanis who differ in their access to and in their position within such
networks, and hence face very different opportunities and challenges for GPN. This
implies that GPN do not necessarily give rise Lo less hierarchical forms of firm organi-
zation**. GPN typically consist of various hierarchical layers that range from network
flagships that dominate such networks, down 10 a variety of usually smaller, local
specialized network suppliers. This taxonomy helps to assess the different capacities
of these firms to benefit from knowledge diffusion and to upgrade local capability
formation.

40, Ag predicted for instance in Bartlett, C A and 3 Ghoeshal, 1989, Managing Across Borders: The Transnational Soiu-
tion, Harvard Business School Press, Boston, Mass.; Nohria, N. and R.G. Eccles, 1992, Networks and Organizations.
Structure, Form, and Action, Harvard Busingss School Press, Baston, Mass
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Network Flagships

We distinguish two types of global flagships: i) "brand leaders" (BL), like Cisco, GE,
IBM, Compaq or Dell; and i) "contract manufacturers” (CM), like for instance Solec-
iron or Flextronics, that establish their own GPN to provide integrated global supply
chain services to the "global brand leaders”. Cisco is an interesting example of a
"brand leader": its GPN connects the flagship to 32 manufacturing plants worldwide.
These suppliers are formally independent, but they go through a lengthy process of
certification to ensure that they meet Cisco "s demanding requirements. Qutsourcing
volume manufacturing and related support services enable “brand leaders” to com-
bine cost reduction, product differentiation and time-to-market. Equally important
are financial considerations: getting rid of low-margin manufacturing heips the BL to
n-crease shareholder returng?®”,

"Contract manufacturers” have rapidly increased in importance since the mid-
1980s. This represents an acceleration of a long-standing trend towards vertical spe-
cialization in the electronics industry®?, The role model of CM-type network flagships
is Solectron that only a few years ago was a typical SME, but has transformed itself
into the electronics industry *s largest CM. With an average growth rate of 43% over
the past five years, Sciectron has increased its worldwide locations from about 10 in
18996 to almoest 50 today*. The company defines itself now as a global supply chain
facilitator: global brand leaders ... can turn to Sclectron at any stage of the supply
chain, anywhere in the world, and get the highest-quality, mostflexible sclutions to
optimize their existing supply chaing**.

The flagship is at the heart of a network: it provides strategic and organizational
leadership beyond the resources that, from an accounting perspective, lie directly
under its management control*®, The strategy of the flagship company thusdirectly
affects the growih, the strategic direction and network position of lower-end partici-
pants, like specialized suppliers and subcontractors. The latter, in turn, ¥ have no re-
ciprocal influence over the flagship strategy™®. The flagship derives its strength from

41, Other important drivers of outsourcing include hedging against damage due to volatile markets and periodic excess
capacity, and scale economies: surlace-mount-technology {SMT) requires large production runs, reflecting its grow-
ing capital and knowledge intensity.

42 Wowery, D.C. and T Macher, 2001, "E-Businass and Ihe Sermiconducter Industry Value Chain: Implications for Yerti-
cal Specialization and Integrated Semiconductor Manutacturers”.

43, Luethje, Boy, 2001, “Electranics Contract Manufacturing: Transnational Production Networks, the Internet, and
Knowledge Oitfusion in Low-cost Locations in Asia and Eastern Europe™

44 Splectron, 2000, "What is a Globat Supply-Chain Facilitator?" al www solectron.cam, p. 1.

45 Rugman, A M., 1997 "Canada.” Chapter & inJ. H. Dunning {ed .} Governments, Globalization and international Busi-
ness, London, Oxford University Press, 182,

46. Rugman, AM. and J R. D'Cruz, 2000, Multinationafs as Flagship Firms. Regional Business Networks. With
Rugrman’ s flagship model, we share the emphasis on the hierarchical nature of these networks. However, there
are important differences. Rugman and [ Cruz focus on localized nefworks within a region; they alsa include "nan-
business infrastruciure” as "netvork pariners”. We do not share their assumption that a combination of transaction
cost and resource-based theory is sufficient to explain such forms of business organization.
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its control over critical resources and capabilities that facilitate innovation’, and from
its capacity to coordinate transactions and knowledge exchange between the different
network nodes. Both are the scurces of its superior capacity for generating profits,

Increasing vertical specialization is the fundamental driver of this flagship model
of industrial organization*. Flagships retain in-house activities in which they have a
particular strategic advantage; they outsource those in which they do not. It is impor-
tant to erphasize the diversity of such outscurcing patterns*®, Some flagships focus
on design, product development and marketing, ocutsourcing voturme manufacturing
and related support services. Other flagships cutsource as well a variety of high-end,
knowledge-intensive support services. This includes for instance trial production
{prototyping and ramping-up), tooling and equipment, benchmarking of productivity,
testing, process adaptation, product customization and supply chain coordination. It
may also include design and product development.

The result is that an increasing share of the value-added becomes dispersed
across the boundaries of the firm as well as across national borders. Even if these
activities do not involve formal R&D, they may still require a substantial diffusion
of knowledge. Take the spread of "turnkey production arrangements” in the PC in-
dustry®®: a flagship (e.g.. Compaq) out-sources all stages of the value-chain for a
particular PC family, except marketing; and a local lead supplier (e.g., in Taiwan) is
responsible for the design and development of new products, as well as for manu-
facturing, transport and after-sales services, delivered through its own mini-GPN.

Local Suppliers

This example brings us to the role of local network suppliers and the factors that
determine their network position. "Turnkey production arrangements” illustrate a ten-
dency of flagships to extend outsourcing to comprise an integrated package of hig-
herend support services, to be provided by a local lead supplier. Greatly simplifying,
we distinguish two types of local suppliers®': higher-tier “lead suppliers™ and lower-
tier suppiiers,

“Higher-tier” suppliers, like for instance Taiwan s Acer group® play an intermedi-
ary role between globat flagships and lecal suppliers. They deal directly with global

47, Lazonick. W, 2000, Understanding innovative Enterprise; Toward the Integration of Economic Theory and Business
Hislory.

48. Ernst, D, 2001, "The Economics of Blectromics Induskry: Cornpetitive Dynamics and Industrial Organizatian”.

49, Mowery, D.C. and LT Macher, 2001, "E-Business and the Semiconductor Industry Value Chain: Implicalions for
Vertical Specialization and Integrated Semiconductor Manufacturers”; Ernst, D., 1897, From Partial to Systermic Glo-
balization. Intermational Production Networks in the Electronics indusiry.

50. Emnst, Dieter, 2000, "Inter-Organizational Knowledge Cutsourcing: What Permits Small Taiwanese Firms to Compete
in the Computer industry? Asia Pacific Journal of Management, 17, 2, 223-255.

51. We do not consider arms ™ -length supphers of standard [off-the-shalfl equiprnent and companents In reality there are
of course many more layers of local suppliers that hang together in complex and continuously evolving arrangaments.

52 Emst, D, 2000, "Placing Ihe Netwotks on the Internet: Challanges and Opponunities tor Managing in Oeveloping
Agia".
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flagships (both “brand leaders” and “contract manufacturers”}; they possess valuable
proprietary assets (including technolagy); and they have developed their own mini-
GPN%, With the exception of hard-core R&D and strategic marketing that remain under
the control of the network flagship, the lead supplier must be able to shoulder all steps
in the value chain. As our example shows, it must even take on the coordination func-
tions necessary for global supply chain management. This requires that the lead sup-
plier develops dense linkages between geographically dispersed, yet concentrated
and locally specialized clusters, integrating these into its own networks.

“Lower-tier” suppliers are in a much more precarious position. Their main cormpe-
titive advantages are low cost and speed, and flexibility of delivery. They aretypically
used as "“price breakers” and “capacity buffers”, and can be dropped at short notice.
This second group of local suppliers rarely deals directly with the global flagships;
they interact primarily with local higher-tier suppliers. Lower-tier suppliers normally
lack proprietary assets, their financial position is weak; and they are highly vulnerable
to abrupt changes in markets and technology, and to financial crises.

This distinction helps us to explain why some suppliers are more prone than others
to knowledge diffusion and capability development. In most cases, “higher-tier” suppli-
ers can reap substantial benefits through knowledge diffusion, while “lower-tier” suppli-
ers are unlikely to benefit, unless effective support institutions and policies are in place.

4. Global Production Networks and Knowledge Diffusion

Let us recapitulate the fundamental rationale of GPN: they help flagships to sus-
tain their competitiveness, by providing them with access to specialized suppliers
at lower-cost locations that excel in quick and flexible response to the flagships’
requirements. The flagships can exert considerable pressure on local suppliers, es-
pecially in small developing countries: they can discipline suppliers by threatening to
drop them from the networks whenever they fail to provide the required services at
low price and world class quality.

At the same time, GPN also act as powerful carriers of knowledge. First, flagships
need to transter technical and managerial knowledge to the local suppliers. This is
necessary to upgrade the suppliers’ technical and managerial skills, so that they
can meet the technical specifications of the flagships. Second, once a network sup-
plier successfully upgrades its capabilities, this creates an incentive for flagships to
transfer more sophisticated knowtedge, including engineering, product and process
development. This reflects the increasingly demanding competitive requirements
that we referred to earlier. In the electronics industry for instance, product-life-cycles
have been cut to six months, and sometimes less™. Overseas production thus fre-
quently occurs soon after the launching of new products. This is only possible if

53, Chen, Tain-Jy and Chen Shin-Horng, 2002, “Global Production Networks and Local Capabitilies: New Opportunilies
and Challenges for Tatwan,” East West Cenler Working Paper; Econornic Series # 15, February.
54. Ernst, 0., 2001, "The Economics of Electronics Indusiry: Competitive Dynarnics and Industtial Organization™.
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flagships share key design information more freely with overseas affiliates and sup-
pliers. Speed-to-market requires that engineers across the different nodes of a GPN
are plugged intc the flagship s designdebates (both on-line and face-to-face} on a
regular basis.

Of course, knowledge transfer is not a sufficient condition for effectiveknowledge
diffusion. Diffusion is completed only when transferred knowledge isinternalized and
translated into the capability of the local suppliers®. Much depends on the types of
knowledge involvedand the mechanisms that flagships use to disseminate different
types of knowledge.Section 4 is devoted to these issues. Equally important for effec-
tive knowledge diffusion however are the motivations, resources and capabilities of
local suppliers, an issue that we address in section 5.

4.1 The Categories of Knowledge

Knowledge may be classified into various categories depending on the purpose of
its use. Polanyi® classified knowledge into explicit and tacit knowledge. Explicitk-
nowledge refers to knowledge that is codified in formal, systematic language (en-
coded knowledge). It is knowledge that can be combined, stored, retrieved, and
transmitted with relative ease and through various mechanisms. With the falling
cost of information processing and communication, due to microprocessors, opti-
cal fibers and the Internet, it is expected that this will increase further the maobility
of explicit knowledge, making it accessible worldwide in real time at minimal cost™
reshaping established organizational arrangements, wark practices and lite styles.

But explicit knowledge is useful only when tacit knowledge enables individuals
and organizations to make sense of and utilize it. Tacit knowledge refers to knowl-
edge that is 30 deeply rooted in the human body and mind that it is hard to codify
and communicate. )t is knowledge that can only be expressed through action, com-
mitment, and invelvernent in a specific context and locality. Tacit knowledge is based
on experience: people acquire it through observation, imitation, and practice. Its dif-
fusion requires apprentice-type training and face-to-face interaction. it can also be
transferred, however, through the movement of human carriers of such knowledge, a
fact that much of the literature on industrial districts used to neglect.

it is hard to exaggerate the importance of tacit knowledge. Nonaka (2001)% for
instance argues that it accounts for three quarters of all knowledge used by firms.

55  Kim, Linsu, 1997, fmitation 1o Innovation: The Dynamics of Karea's Technological Learming, Ernst, Digter, T Ganiatsos
and Lynn Mytalka. 1998 Technological Capabiiities and Expont Success: Lessons from East Asia, Landon, Routledge,

56 Polanyi, Michagl, 19682, Personal Knowfedge: Towards a Post-Critical Philosophy, Chicago, University of Chicago
Press.

57 Dawd, Paul and D. Foray, 1995, "accessing and Expanding the Science and Technology Knowledge-pase, STI Re-
view, QECD, Pans.

58. hNonaka, Mkujiro, 2001, “Interview on “Knowledge managermeant based on informationtechnology is a mistake”, (in
Korean), in Maeil Kyungjae Shinmoon (an economic daily published in Seoul), July 3.
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Tacit knowledge is the key to the long-term growth of a firm: it provides the fertile in-
tellectual ground for all knowledge management (Gelwick, 1976} and for the effective
performance of an economy®. In the face of increasing uncertainties in globalization,
tacit knowledge becomes even more important®. Many have attempted to unpack-
age the blackbox of tacit knowledge®'. For our purpese, the following classification,
first coined by Collins (1993)% and later expanded by Blackler (1995)%°, appear to be
most useful. Tacit knowledge may become part of the human body as skills (embod-
fed knowledge), part of human being as cognitive capacity (ermbrained knowledge);
routinized in organizational practice (embedded knowledge); and inculcated in the
organization as basic assumptions, beliefs and norms {(encultured knowledge). Dif-
ferent types of tacit knowledge are assocciated with different aspects of organiza-
tional activities and with different degree of difficulties in transferring it.

4.2 Knowledge Transfer Mechanisms

Flagships transfer knowledge across borders through various mechanisms. First,
the transfer may be mediated through the market, involving a formal contract for
terms and conditions between the knowledge supplier and the knowledge buyer with
payment involved. Knowledge may alse be transferred informally without any pay-
ment involved. Second, the flagship may play an active role, exercising significant
control aover the way in which knowledge is disseminated to and used by the local
supplier. Alternatively, the flagship may play a passive role, having almost nothing
to do with the way the local supplier takes advantage of available knowledge that is
either embodied in or disem-bodied from the physical items. These two dimensions
—market— mediation and the role of flagships — offer a useful two-by-two matrix,
as shown in Figure 2, to identity different mechanisms of knowledge transfer through
global production networks®.

58 Nelzon, R. and 8. (3. Winler, (1982), An Evoluticnary Theory of Econormic Change.

60 Ernst, D. and Bengt-Ake Lundvall, 2000, “Intormation Technelogy in the Learning Economy - Challenges tar De-
veloping Countries™ in: Erich Reinert {editor), Evolutionary Economics and income Inequahty, Edward Elgar Press,
London.

61. Sparrow, John, 1998, Knowfedge in Organizations: Access to Thinking at Work, London, Sage Press: Antonelli, C.
1998, The Microdynamics of Technofogical Change, Routledge. London ete.; Spender, J.-C., 1996, "Making Knowl-
edge the Basis of A Dynamic Theory of the Firm,” Strategic Management Journal, 17, 45-62.

62, Colling, H., 1983, "Siructure of Knowledge, " Social Research, 80, 95-116

63. Blackler, Frank, 1855, "Knowledge. Knowledge Work, and Organizations: An Overview and nterpretation,” Crgari-
zation Sturlies, 16, 6, 121-146.

64 Kim, Linsu 1931, “Pros and Cons of Inlernational Technology Transfer: An Developing Country View" in Tamir Agmon
and Mary Ann von Glinow [eds.) 42 Universidad Nacional Autdnorma de Méxica Technology Transfer in International
Business, Mew York, Oxford University Press, 223-2359.
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Figure 2: Knowledge transfer mechanisms

Active Passive
Formal mechanisms Commodity trade
{FDI, FL, turnkey plants {standard machinery transfer)
Markel mediated technical consultancies)
{1 )
Market mediation
Informal mechanisms tnformal mechanisms
{flagship provides {reverse engineering,
N ket mediated Nonmarket technical ohservation, literature)
onmarket medate assistance 1o local suppliers)
3) (4)

Source” Adapted from Kim, 1997, page 101,

First, network flagships use largely formal mechanisms such as foreign direct
in-vestment (FDI), foreign licensing (FL), technical consultancies, ete. in quadrant 1
to transfer knowledge to local suppliers, if the latter are subsidiaries or joint venture
part-ners. For instance, when such flagships as Intel, Motorola, Texas Instruments,
and Fairchild decided to outsource assembly gperations of their semiconductor de-
vices, they took the mechanisms of FDI, FL, and technical consultancies to establish
their subsidiaries in the Philippines® and other countries in Southeast Asia. They
owned a majority ownership in the subsidiaries, licensed and transferred a cormnplete
production system.

Second, independent local suppliers rely heavily on standard machinery in quad-
rant 2 to improve their productivity in production operations. Machinery is a major
source of process innovation for their users®, Flagships are not necessarily the sup-
pliers of the machinery, but they can play an important indirect role, by forcing inde-
pendent local suppliers to purchase more sophisticated equipment to improve their
production capabilities. For instance, Manda, one of the major auto components
suppliers from Korea, purchased a series of rabots to automate their production
processes, Each of the robots embodied state-of-the-art production knowledge. The
suppliers of the robots, however, had little influence over the way Mando used it.

85, Anionio, Emilio T. 2000, "Country Sector Study: Philippines,” paper présanted at the Progress Review Meeting of
the International Competitiveness of Asian Economies: A Cross-Country Study, Asian Develaprment Bank. Manila,
February 2-11, 2000.

86 Abermnalhy, William J. and Phillip L. Townsend, 1975, "Technology, Productivity, and Process Change,” Technological
Forecasting and Social Change, 7.
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Third, 2 more direct way for flagships to transfer knowledge to independent local
suppliers are informal mechanisms in quadrant 3, largely through the original equip-
ment manufacturing (OEM) arrangements. As in the quadrant 1, flagships actively
transfer knowledge in the form of blue prints, technical specifications, and techni-
cal assistance, mostly free of charge, to independent local suppliers to ensure that
products and services produced by the latter meet the former's technical specifica-
tions. For instance, Boeing outsources some parts of fuselage from independent lo-
cal suppliers in Japan, Taiwan, and Korea. In doing so, Boeing actively provides the
local suppliers technical literature, product specifications, and technical assistance
o help thern meet its specifications.

Fourth, independent local suppliers can alsc rely on knowledge transter mecha-
nisms in quadrant 4, Like in quadrant 2, flagships exert little direct influence over the
way inde-pendent local suppliers use such mechanisms as reverse engineering, ob-
servations, and human mobility to expedite upgrading their capabilities. For instance,
lower-tier suppliers in Asia undertake reverse engineering of foreign products not so
much to produce imitative products as to acquire knowledge embodied therein. A
group of lowertier suppliers often take an observation tour of foreign firms as a way
o acquire new knowledge. The Small Industry Promotion Corporation and industry-
related SME associations in Korea often organizes such observation tours. Human
mobility in quadrant 4 includes not only the repatriation of top-rated engineers trained
abroad but also the active use of experienced foreign engineers who are hired for
short periods as socalled “moonlighters”.

To what degree do the flagships use the knowledge transfer mechanisms? The
shift from MNCs to global network flagships has expanded both the mechanisms
and the volume of knowledge transfer. MNCs relied heavily on the mechanisms in
quadrant 1 of Figure 2 in setting up their plants either for the penetration of protected
markets or for expleiting differential factor costs. In contrast, flagships transfer knowl-
edge not only through mechanisms in quadrant 1 but also through mechanisms in
guadrant 3. Flagships also tend to transfer more knowledge to local suppliers than
verticaily integrated MNCs. These transfers are necessary to enable local suppliers
to provide the flagship with competitive products and services, in line with the chang-
ing requirements of markets and technology. Section 4.2 explores how flagships
transfer explicit and tacit knowledge to local suppliers. Let us now turn to the local
prerequisites for effective knowledge diffusion: Under what can local suppliers inter-
nalize transferred knowledge and use it to enhance their own capabilities?

5. Local Capability Formation
Local suppliers can cnly effectively absorb knowledge disseminated by global net-
work flagships, if they have developed their own capabilities. Knowledge internaliza-

tion and capabiiity bullding require individual and organizational learning. Individuals
are the primary actors in {fearning and knowledge creation (Hedberg, 1981). They
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constitute local capabitities that may be combined at the organizational level, Organi-
zational learning, however, is not the simple sum of individual learning. Only effective
organizations can translate individual fearning and capabilities intc arganizational
learmning and capabilities,

5.1 Concepts

Firms create knowledge primarily through the dynamic process of conversion bet-
ween explicit and tacit knowledge® . Tacit-to-tacit conversion (called socialization)
takes place when tacit knowledge of one individual is shared with others through
training, whereas explicit-to-explicit conversion (combination) takes place when an
individual or a group combines discrete pieces of explicit knowledge into a new
whole. Tacit—to—explicit conversion {externatization) occurs when an individual or a
group is able to articulate the foundations of individual tacit knowledge. Finaily, ex-
plicitto— tacit conversion (internafization) takes place when new explicit knowledge
is shared throughout the firm and other members begin to use it to broaden, extend,
and reframe their own tacit knowledge. Such conversion tends to become faster in
speed and larger in scale in a spiral process, as more actors in and around the firms
become involved in knowledge conversion. Using Japanese examples, Nonaka and
Takeuch#®® develop a model that pictures organization knowledge creation as an
upward spiral that starts from the individual and moves up to the arganizational level.

For effective knowledge conversion to lead to productive learning, it requires two
important elernents are required (See Figure 3}: an existing knowledge base (most of
it tacit knowledge), and the intensity of effort. Of the two, the intensity of eftort or com-
mitment is more important than the knowledge base, as the former creates the latter,
but not vice versa®. Cohen and Levinthal™ call this “absorptive capacity”. How fast
and successfully the local suppliers internalize and transiate transferred knowledge
into their own capability through learning will be largely determined by their absorp-
tive capacity and their ability to upgrade it continuously.

57. Nonaka, lkujirg, 1991, "The Knowledge-Creating Comparty,” Harvard Business Review, Movember-December, 96-
104

68. Nonaka. lkuirpo and Hirotake Takeuchi, 1995, "The Knowledge Creating Company”.

89, Ulinch, Dave, 1998, "Intellectual Capital = Competence x Comrmitment,” Sioan Management Review, winter, 15-26.

70. Cohen, Wesley M. and Daniel A, Lavinthal, 1990, "Absorptive Capacity: A New Perspective on Learning and InnQva-
tion,” Administrative Science Quarterly, 35, 1, 128-152.
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Figure 3: Absorptive capacity of lacal suppliers
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Source: Adapted from Kim, 1997, page 98.

Alarge part of the existing knowledge base is tacit knowledge. We have seen that
this type of knowledge shapes individual and organizational learning. Tacit knowl-
edge enables the individual as well as the organization to use both explicit and tacit
knowledge available elsewhere and 1o create new knowledge through various knowl-
edge conversion activities in production and R&D. Tacit knowledge also influences
the nature and direction of learning and is responsible for its path-dependency. For
instance, it is the richness of tacit knowledge accumulated as part of the existing
knowledge base that enables leading suppliers in Korea, Singapore, and Taiwan to
implemented more sophisticated technological and organizational innovations than
firms in other Scutheast Asian countries.

The intensity of effort, on the other hand, determines the speed of knowledge
conversion, It represents the amount of emotional, intellectual, and physical energy
that members of an organization invest in acquiring and converting knowledge.

Exposure of individuals and firms to relevant external knowledge is insufficient,
unless they make a conscious effort to internalize and use it. Learning how to solve
complex problems is usually accomplished through trial-and-error involving a series
of knowledge conversions. Hence, considerable time and effort must be directed to
learning. For instance, Samsung was a late entrant in electronics but has evolved
from OEM to ODM (own design manufacturing) and to OBM (own brand man-ufac-
turing) in both consumer and industriat electronics. It is on a par with Japanese and
American competitors in areas such as semiconductor memory chips, flat panel dis-
play, and certain telecommunications technologies. These achievernents are due
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to heavy investments in the development of the domestic knowledge base. For in-
stance, Samsung s R&D expenditures have soared from $8.5 million in 1980 to $905
mitlion in 1994 and to $1.3 billion by 1999. As aresuit, its U.S. patents increased from
210 752 and to 1,549 during the same period. Samsung ranked 4th in 1999 only after
IBM, NEC, and Cannon.

5.2. GPN as Mediators of Local Capability Formation

Let us now exarmine how GPN affect the development of capabilities by local suppliers.
Let us first look at explicit knowledge. Flagships typically provide the local suppliers
with enceded knowledge, such as machinery that embodies new knowledge, blue-
prints, production and quality control manuals, product and service specifications,
and training handouts. This is done to assist the suppliers in building capabilities
that are necessary 1o produce products and services with the expected quality and
price. Personnel at the local suppliers read and try to assimilate the transferred ex-
plicit knowledge into their tacit knowledge (internalization in Figure 4). In most cases,
the acquisition of explicit knowledge alone is not sufficient for the local suppliers to
assirmilate and use it in production, as the translation of explicit knowledge into actual
operations requires a significant amount of tacit knowledge. Thus, to augment the
explicit knowledge, flagship compantes also invite engineers and managers of the
local suppliers to the former's site to observe how actual production systems work
and to receive a systematic training.

This can help to translate knowledge gained from the literature into actual opera-
tions (internatization). It also enables local engineers to internalize how the flagships’
organization and production systems are managed (internalization of embedded
knowledge)}, and to absorb tacit knowiedge directly transferred from foreign engi-
neers through training (sociatization). Once they return home, however, these engi-
neers confront various unforeseen problems in their attempts to translate what they
have learned at the flag-ships into the operational systems that exist at home. For
this reason, the flagships also send their own engineers (embodied and embrained
knowledge} to help local engineers debug probiems in engineering and manufactur-
ing systems (socialization).

Take the case of subsidiaries or joint ventures. For instance, when Sony estab-
lished Hwashin Electronics Company in Korea as a joint venture to outsource its Con-
sumer electronics products, it supplied not only machinery and equipment for the
mass-production system of its joint venture partner. Sony also provided blue prints
of products, product specifications, and production and qualty control manuals (en-
coded knowledge). In addition, the flagship invited a number of Korean engineers,
technicians, and managers to undergo training at Sony's plant in Japan on produc-
tion, organization, and human resource management, transferring embedded and
encuitured knowledge. Sony also dispatched a number of engineers and technicians
to Korea to help Korean engineers debug problems encountered in operating and
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Figure 4: The process of local capability formation
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maintaining the production system and controlling the quality of products to ensure
that Hwashin meet the technical specifications of Sony's products (embodied and
embrained knowledge). Sony had done these knowledge transfer activities formally
as pan of its FDI and FL to Hwashin.

In the case of independent local suppliers, when General Electric decided to out-
source its microwave ovens from Samsung under the OEM arrangements, it sent its
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engineers to Samsung to explain its technical specifications (encoded knowledge)
and taught Samsung engineers master the engineering details of the product {(em-
brained knowledge)”'. GE had done all these knowledge transfer activities free of
charge to ensure that Samsung’s products meet GE's technical specifications.

Second. local suppliers may attempt to translate such explicit knowledge as
production and guality control manuals, human resource management handbooks,
and other literature transferred from flagships into their own production and quality
control manuals and human resource management handbooks. They may be more
compatible with local institutions and business behavior. Then a combination takes
place from a set of explicit knowledge to a new set of explicit knowledge at the lo-
cal suppliers. In this process, externalization of knowledge also takes place from
tacit knowledge of local engineers and managers to explicit knowledge in the form a
new set of manuals and handbooks. For instance, when Volvo took over the owner-
ship of Samsung's heavy machinery division after the Asian crisis 1o turn it into its
Agian supplier, Volvo introduced its own management systems, which reflects both
Volvo's requirements and those shaped by local institutions. In developing a new set
of manuals and handbooks, the ground was laid for internal ization, combination and
externatization.

Third, the link with GPN also induces knowledge conversicns within local suppli-
ers. The key is the diffusion of locialized and internalized knowledge accumulated by
a limited number of engineers and managers of the local suppliers through training
provided by the network flagship. This knowledge needs to be diffused within local
suppliers through spiral processes of socialization, as more actors in and around the
firms get involved in knowledge conversion activities. Externalization and internaliza-
tion take place internally, as actors convert from/ta explicit toffrom tacit knowledge
within the local supplying firms, gradually developing embedded knowledge. For
instance, Samsung Electronics recently sent a group of human resource manage-
ment (HRM) specialists to GE to learn the latter's HRM system. Upon return, these
special —ists have conducted a series of seminars for HRM specialists in the firm to
share the knowledge, leading to the development of new HRM policy and proce-
dures and to the gradual formation of new embedded knowledge. Fourth, knowl-
edge conversion cannot take place without the active intervention of tacit knowledge.
This is true even for the conversion from explicit knowledge to explicit knowledge.
Onge again, this highlights how important it is for local suppliers to develop a rich
tacit knowledge base. In other words, the effectiveness and speed of knowledge
conversion will be determined not s much by quantity and quality of the knowil-
edge transferred by the flagships as by the absorptive capacity of the local suppliers.
This holds regardiess of the knowledge transfer mechanisms. The strength of the
domestic knowledge base determines the level of sophistication of the converted
knowledge, while the intensity of effort accelerates the speed of the conversion pro-

71 Magaziner, lan and Mark Patinkin, 1982 "Fast Heat: How Korea Wan the Microwave War, " Harvard Business Review,
January, 83-83
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cesses. Inturn, spiral processes of knowledge conversion determine the level of the
company's internal knowledge base. Leading local suppliers thus invest heavily in
recruiting the cream of the crop from universities; they also develop intensive training
programs to upgrade the existing knowledge base.

Conclusions

Liberalization, digital convergence, and intensitying global competition have pro-
duced a major organizational innovation: a transition from “multinational corpora-
tions” that exploit labor cost differentials in different countries to “global network
flagships” that integrate their dispersed supply, knowledge, and customer bases
into global (or regional) production networks. The paper demonstrates that these
networks have boosted international knowledge diffusion, providing new cppor-
tunities for capability formation by local suppliers in developing countries. Under
pressure from flagships, local suppliers have a strong incentive to internalize trans-
ferred knowledge through various forms of knowledge conversion. The haseline
however is the absorptive capacity of the local suppliers: it determines the effecti-
veness of capability formation.

Policy and Management implications

Our analysis has important implications for global flagships and local suppliers. First,
flagships should actively transfer 1o local suppliers not only encoded knowledge but
also embrained, embedded, and encultured knowledge. Such a broad-based trans-
fer of knowiedge enhances the capabilities of local suppliers; it also strengthens the
competitiveness of the flagships’ global production networks.

Second, flagships might worry about a possible switching of tocal suppliers to
cther flagships, once the suppliers have reached a certain level of capabilities. The
flagships can avoid this by raising the local suppliers' switching costs. This can be
done by helping the local suppliers develop the network-specific embedded systems
and organizational culture through the active transfer of such knowledge. Once the
local suppliers develop a strong embedded procedures and culture, which is tuned
to those of the flagship, it is costly to switch to other GPN.

Third, local suppliers need to take an active approach to maximize their benefits
from network participation. Flagships place business orders and transfer valuable
knowledge to local suppliers with only one objective in mind: to strengthen the com-
petitiveness of their GPN. To maximize the benefit of such transfers, local suppliers
must constantly upgrade their absorptive capacity. Their existing knowledge base is
largely determined by the embrained knowledge of the firm. Local suppliers, there-
fore, should tap, develop, and retain highly skilled human resources for developing
existing their knowledge base. More important is the intensity of effort. There may be
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various means to intensity effort. One possibility, iltustrated by some Korean firms, is
to construct a deliberate crisis by establishing ambitious goals™.

Fourth, as flagships transfer valuable knowledge to the first-tier local suppliers to
strengthen the competitiveness of their GPN, higher-tier local suppliers should also
help lower-tier suppliers build capability by transterring valuable knowledge to them
in order to strengthen their own competitiveness. The competitiveness of GPN is
determined by the competitiveness of each of the nodes In the networks.

Priorities for Future Research. We have seen that GPN transform the production
and use of knowledge, considerably enhancing the mohility of knowledge. This may
have far-reaching implications for an evoluticnary theory of economic change. We
suggest four main priorities for future research.

A first priority is to move beyond the "flagship bias". We need research on GPN,
undertaken from the perspective of local suppliers that are located in small open
economies and in developing countries. Some of the research questions include:
Why do local suppliers join GPN? What are the advantages and disadvantages for
local supphiers to take part in GPN? What are differences in learning and capability
building between intra-firm suppliers and inter-firm suppliers?

A second research priority is to move beyond the current "production bias.” Digi-
tal convergence has created new opportunities for the exchange of knowledgeinten-
sive services across organizationat and national boundaries. We need research on
the evolving global networks of business and information services, and especially
on the transformation of these networks through the Internet™. Possible research
questions include: What are idiosyncratic features of service- oriented GPN7? How do
production GPN and service GPN differ in terms of their mobility, tocation dynamics,
and their capacity to enhance knowledge transfer? And how does knowledge trans-
fer take place in service GPN?

Third, research needs to move beyond the current "R&D bias" and an exclu-
sive preoccupation with the location of R&D and patents among major industrialized
countries. We need to establish what forces explain that flagships are now beginning
to outsource certain R&D activities to a handful of newly industrializing economies
(NIEs) and even to some developing countries, and how this affects international
knowledge transfer. Possible research questions include. What rationale explains
such R&D outsourcing strategies to some NIES? What distinguishes these arrange-
ments from R&D alliances among leading American Japanese and European flag-
ships? And how successful are the former arrangements?

Finally, we still know little about how GPN differ by country of origin. GPN are no
longer the exclusive playground for American flagships. Asia’s electronics industry
for instance is shaped to a large degree by the patterns of cooperation and competi-

72, Kim, Linsw 1997 imitation to Innovation, 1998, “Crisis Construction and Crganizatianal Learning: Dynarmics of Capa-
hility Building in Calching-up al Hyundai Motor,” Organization Science, 506-521.

73. Theseissues are addressed in an injernalional collaboralive research project, coordinated by the East- West Center,
on "How the Internet Transtorms Global Flagship Networks? And What This Implies tor Knowledge Diffusion?”
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tion between networks that center on American flagships as well as on flagships from
Japan, Europe, Taiwan, Singapore and Korea {Borrus, Ernst, and Haggard, 2000).
Thig raises questions like™ How do these networks differ in terms of their basic
characteristics, such as accessibility, permanence, flexibility to respond to market
and technology shifts, anc governance? How do they differ in terms of their impact
on international knowledge transter? Does nationality of ownership matter? And is
diversity primarily a result of peculiar features of national institutions, or are there
other forces at work?

74, Ernsl and Ravenhill, 1989, explore the diversity of these networks in Agia, and the limits to convergence
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Standards, Innovation, and Latecomer
Economic Development — A Conceptual
Framework

Dieter Ernst

Introduction

There is an abundance of theoretical and econometric studies of how standards sha-
pe market competition, but most of these studies have focused on Western econo-
mies, primarily those with Anglo-Saxon institutions. And even for Western economies,
fundamental public policy issues of standards setting remain grossly under-resear-
ched. According to two leading scholars of standards policy, "... general agreement
about appropriate public policy toward government standard setting does not exist.
The most basic questions remain unaddressed'.

We know even less about the impact of standards on the economic development
of countries which are latecomers to industrial manufacturing and innovation. Most
of these countries are focused on upgrading their economies through innovation,
as measured by patents. Standardization is regarded primarily as a technical issue,
and hence receives only limited high-level policy support. However, China as well as
Korea and Taiwan are now searching for ways to strengthen and upgrade their stan-
dardization sysiems and strategies.

In fact, standards coniribute at least as much as patents 1o economic growth. As
a key mechanism for the diffusion of technological knowledge, technical standards
contribute to productivity growth. The macroeconomic benefits of standardization
thus exceed the benefits to companies alene. For Germany, a widely quoted study
conducted for the German Institute for Standardization {(DIN) finds that a 1% increase
in the stock of standards is positively associated with a 0.7 to 0.8% change in eco-
nomic growth?.

1. Greenstein, 5., and ¥ Stango, 2007, "Imroduction.” i Stendards and Public Policy, 5. Greenstein and V. Stango
{eds.y, Cambridge, Cambndge University Press: 1-2

2. Blind, k_, A Jungmillag, A Mangelsdorf, 2011, The Economic Benelfits of Standardization, DIN German Institute far
Standardization, Berlin Similar findings are reporned for Australia, New Zealand, the UK, France, and Canada.
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But these econometric studies only scratch the surface. Equally important are
qualitative impacts for instance of environmental, health, food and work safety stan-
dards. In fact, broad qualitative impacts of standards are essential for latecomer
economic development — a weli-functioning standardization system and sirategy
can work as a catalyst for translating new ideas, inventions and discoveries into
productivity-enhancing innovation. Standards are the missing link in a growth strate-
gy which seeks to create quality jobs in higher-vatue added advanced manuiacturing
and services®. This poses an especially demanding challenge for countries which
only recently begun to build up their standards systems and strategies.

Furthermore, rapid and disruptive technical change (such as the transition to the
internet of Everything®} creates new challenges for standardization. Of critical impor-
tance are interoperability standards that are necessary to transfer and render useful
data and other information across gecgraphically dispersed systems, organizations,
applications, or components®. Rising complexity and increasing uncertainty are two
defining characteristics of the new world of ubiquitous globalization. Technology-
based competition is intensifying, and competitive success critically depends on
control over intellectual property rights and on "a capacity to control open but owned
architectural and interface standards™. This process has increased the economic
importance of standardization, but especially so for countries (like China and Korea)
which are deeply integrated inta international trade and global corporate networks of
production and innovation’.

In short, we need a conceplual framework that allows us to study how standards
are created and used in countries with economic institutions that differ from those in
Western economies. We need to place standardization in the larger context of late-

3 Onthe Amencan standards systems, see: Emst, D, 2013, “Amernica’s Volunlary Standards Systemn — A “Best Prac-
lice" Model for Asian Innovation Policies”, Policy Studies 66, March, East-West Cenler, Honolulu, USA, hitp://www
eastweslcenter. org/pubs/33981; Wang, P. 2013, "Global ICT slandards Wars in China, and China's Standard Sirat-
egy"’, manuscrpt, China National Insbitute tor Standardization, Beijng. Ernst, D, 2011, Indigenous innovakion and
Giobalization: The Chaflenge for China's Standardization Sirategy, UC Institute on Global Confiict and Cooperation,
La Jolla, CA and East-West Center, Honolutu, hitp //www EastWesiCenter org/pubs/3904 [Fublished in Chinese al
the University of International Business and Ecenomics Press in Beijing, B 6818 & il o 8] ER AL ARG P il
0], Suttmeser, R P, S Kennedy. J. Su. 2008, Standards, Stakeholders, and innovation: China's Evolving Role
in the Global Knowledge Economy, National Bureau of Asian Research Seplember.

4, “Thelnternst of Evenyihing” brangs together people. process, dala and things to enhance the relevance and produc-
tivity of rnetwarked conneclions, tuming indormation into actions thal create new capabilities, richer expeniences and
unprecedenied economic opportunity for countries, businesses, communities and individuals,

5. Gasser. U and J. Palirey, 2013, “Fostering Innovation and Trade in the Global Informatan Society: The Different
Faceis and Raolas of Interoperability”™, Law, Poficy & Economics of Technical Standards eJournal, Vol. 1. Na, 1.

6 Emsl, D, 2002, "Global Production Networks and the Changing Geography ol Inngvation Systerms® Implications for
Ceveloping Countries”. Economics of innovation and New Technologies 11 (6) 330

7. On Korea's global network integration, see Ernst, D., and Linsu Kim. 2002, "Global Production Networks, Knowl-
edge Diffusion and Local Capability Formalion”, Research Podicy, special issue in honor of Richard Nelson and
Sydnay, 31(8/9) (Winter); 1417-29; Emsl. D., 1994, What are the Limits 1o the Korean Modlel? The Korean Electronics
Industry Under Pressure, A BRIE Research Monograph, The Berkeley Roundtable on the Internabonal Economy,
University of California at Berkeley, Berkeley. An aconomic analysis of integralion into global corporate netwarks of
production and innovation, see: Ernst, D, 2009, A New Geography of Knowledge in the Electionics industy?Asia’s
Role in Global innavation Networks, Policy Studies No 54, Augusi, East-West Center, Honolulu
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comer economic development in countries that seek to catch up with the productivity
and income levels of the US, the EU and Japan.

This paper is a very first step toward developing such a framework, with a focus
on practical policy-oriented research. Part One reviews the evolving tasks of stan-
dardization and explores why standards are the lifeblood of innovation in the global
knowledge economy. Part Two uses a stylized model of standardization tasks, capa-
bilities and strategies to demonstrate that the costs of developing and implementing
effective standards can be substantial, especially for latecorer countries.

Part Three describes the challenge faced by latecomer economies in their quest
for economic and technology development and explores what this implies for standar-
dization. Part Four asks what standardization research can learn from recent work on
the role of intellectual property rights for economic development. Part Five highlights
the tension between standards and innovation, examines the critical role that patents
play for standardization and argues that “strategic patenting” to generate rents from
de facto industry standards can stifle latecomer economic development.

The paper concludes with reflections on what constitutes success or failure of
standardization for latecomer economic development and presents generic policy
implications.

1. Evolving Tasks of Standardization

There is an almost infinite number of standards that differ in their form and purpose.
To shed light on the evolving tasks of standardization, we first need to open the black
box of standards and introduce an operational definition. A state-of-the-art definition
that serves our purpose well is provided by the National Institute of Standards and
Technology (NIST) as part of its Smart Grid Interoperability Standards project®. Stan-
dards are
..[s]pecifications that establish the fitness of a product for a particular use

or that define the function and performance of a device or system. Standards

are key facilitators of compatibifity and interoperability. ... Interoperability. ..

fis].. the capabifity of two or more networks, systems, devices, appiications,

or components (o exchange and readily use ... meaningful, actionabie infor-

mation - securely, effectively, and with little or nc inconvenience lo the user. ...

[Specifically, standards] define specifications for languages, communication

protocols, data formats, linkages within and across systems, interfaces bet-

ween software applications and between hardware devices, and much more.

Standards must be robust so that they can be extended to accommodate futu-

re applications and technologies.”

8. NIST (Mational Institute of Standards and Technology), 2018, “Framework and Aoadmap for Smart Grid Inleroper-
ability Standlards, Retease 1.0, Office of the National Coordinaior for Srmart Grid Interoperability.” NIST Speciaf Pub-
fication 1108, Washington, DC, US Department of Commerce, January: 19-20.
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In the literature, standards are normally categorized as 'proprietary’ versus ‘open’,
and as "de facto versus” "de jure"®. Proprietary standards are owned by a company
that may license them tc others, while cpen standards “are available 10 all potential
users, usually without fee"'?. De facto standards achieve adoption through standards
competitton among rival standards consortia. Finally, de jure standards are adopted
through consensus, which is socmetimes formally expressed through industry com-
mittees or formal standards organizations.

At the most fundamental level, standards help to ensure the quality and safety of
products, services and production processes, and to prevent negative impacts an
health and the environment. Hence, an important function of standards is to reduce
“risks for makers of compliant products and users of these products.""

In addition, standards enable companies to reap the growth and productivity be-
nefits of increasing specialization, anatyzed long ago in chapter Il (*That the Division
of Labor is Limited by the Extent of the Market™) of Adam Smith's “The Wealth of Na-
tions™'?. According to ecenomic historian Chartes Kindleberger, ... for the most part,
standardization was originally undertaken by merchants” to facilitate a progressive
specialization through trade."'3

Joday however, specialization extends well beyond trade into manutacturing and
services, including engineering, product development and research. Equally impor-
tant is the international dimension. As globalization has been extended beyond mar-
kets for goeds and finance into markets for technology and knowledge workers,
standards are no longer restricted to national boundaries. Standards have become a
critical enabler of international tracle and investment — they facilitate data exchange
as well as knowledge sharing among geographically dispersed participants within
global corporate networks of producticn and inncvation™. As network sociologists
emphasize, the “creation and diffusion of standards underlying new technologies is
a driving element of contemporary globalization.”*

In short, standards are the lifeblood of innovation in the global knowledge eco-
nomy. Today, standards are necessary not only to reap economies of scale and
scope, but also to reduce transaction costs and to prevent a duplication of efforts,
In addition, standards are required to enable data transfer and knowledge exchan-
ge and to facilitate interoperability of components and software within increasingly
complex technology systems (e.g., a smart phone or a switching system). Without

. Stango, ¥, 2004, “The Economics of Slandards Wars," Rewew of Network Economics 3:1-19.

10 Steinfield, C. W., et al., 2007, “Promoting E-Busingss Through Vertical 1S Standards Lessons from the U.S. Home
Mortgage Industry.” In Standards and Public Policy, 5. Greenstein and V. Stango {edits.], Cambridge, Cambridge
University Press: 163,

11, Alderman, R, 2009, “Markel Inefficiencies, Open Standards, and Patents.” Available at hitp://wwwovita.com: 2-3,

12, Smith, Adam, 1776, The Wealth of Nations. Book |, chap Il, Repnint, London, Penguin Baaks, 1970.

13, Kindleberger, C. F, 1883, "Standards as Public, Collective, and Private Goods”, Kpkios 36 (3): 378-370.

14, Emst, 0., 2005, “Comptexity and Internationalization of Innovation: Why 15 Chip Design Maving to Asia?", interna-
tional Joumnal of innovation Management 9 (1): 47-73 and 2005, "Limits ta Madularity: Reflections an Recent Devel-
opments in Chip Design”, industry and innovation 12 (3): 303-35.

15, Grewal, DS, 2008, Network Power: The Social Dynamics of Globalization, New Haven, CT, Yale University Press: 194.
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interoperability standards, it would be impossible to achieve network externalities’
which shape competition in markets for products and services that use informa-
tion and communication technologies'®. In these markets, “...as the set of users
expands, each user benefits from being able to communicate with more persons
(who have become users of the product or service).”” ‘Network externalities’ imply
that a company succeeds “when customers expect that the installed base of ... [the
company’s] ... technology [will] become larger than any other,” with the result that
the customers "adopt that technology to the virtual exclusion of others™®.

Developing these interoperability standards is a moving target. The challenge
is to allow for a continuous adjustment to cope with technical progress. Take the
example of the rapidly evolving processor technology that drives the world's compu-
ters. The central processing units (CPUs) made by intel and AMD under Intel's “x86"
designs are now rivaled in importance by graphic processing units {GPUs) as PCs
are used for multimedia tasks. For a computer company to use the GPU technclogy,
it needs at least three things: “a license ... [from Intel] ... to the "x86" design of the
CPU, a clear agreement about interoperability between the GPU and the CPU, and
finally a strong enforcement mechanism —with clear standards and a timetable for
prompt resolution of disputes.”"

To cope with these critical challenges, standardization has become a compiex
and multi-layered activity that involves multiple stakeholders who differ in their ob-
jectives, strategies, resources and capabilities. Most importantly, standardization is
a highly knowledge-intensive activity that requires well educated and experienced
engineers and other professionals. While engineers originally created this discipline,
key concepts are now shaped by legal counselors as well as corporate executives
and government officials.

A dynamic analysis is required to capture the continuous changes and ad-
justments in the processes of standardization. A fundamental insight of Schumpeter’s
"creative destruction” theory is that economic institutions incessantly need to adjust
to changes in markets and technology®. This implies that there is no one best way of
organizing standardization. According to the American Engineering Standards Com-
mittee Yearbook of 1925, “... [s]tandardization is dynamic, not static. It means, not to
stand still, but to move forward together."?!

This fundamental insight still holds today, but unfortunately there is a tendency in
current debates about standardization to neglect this dynamic aspect. Standardiza-

16. Katz, M., and C. Shapiro, 1985, “Network Externalities, Competition, and Compaltibility,” American Economic Review
75 (3) 424-40.

17. Rohifs, J. H., 2001, Bandwagon Effects in High-Tech indusines, Cambridge, MA, MIT Press: 8.

18. Sheremata, W. A, 2004, “Compeling Through Innowvation in Network Markets. Strategies for Challengers,“Academy
of Management Review 29 (3): 359,

19. David Balto, a former anliirust attorney at the Federal Trade Commission, quoted in “iritel Nears Settlernent in Market
Abuse Probe.” Financial Times, July 21, 2010, 15

20, Schumpeter, J. A, 1950, Capitatisn, Socialisrn, and Democracy, 3d ed., New York, Harper & Brothers.

21, Russell, A, 2005, “Slandardization in hislory: a review assay wilh an eye to the juture”, in Sherrie Bolin (ed.), The
Standard Edge, Fulure Generation 2005, Ann Arbour, MI, Sheridan Press.
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tion systems are in constant flux, and one needs to apply this fundamental insight
to the study of contemporary standards systems, and this is true for an advanced
economy like the US and a latecomer economy like Korea or China.

2. A Stylized Model of Standardization Costs

Egually important is that considerable financial resources are required to develop
and implement effective standards. A rough estimate of such costs can be gained
from a stylized model that distinguishes important tasks of standardization and that
highlights differences in capability sets and in standardization strategies™.

Standardization Tasks

Based on the author's interviews with leading standards experts in the United States,
the European Union and China, we use a taxonomy of standardization that involves,

but is not restricted to, the following tasks (Table 1).

Table 1: A Taxonomy of Standardization Tasks

Develop the technology 10 support the standard

Cost-benefit analysis of whether 10 adopt sxisting intsrnational standard or whether to create a new
standard

Licensing fees for essential patens (both for existing standards and for newly created standards)

Pass testing, conforrmity assessment, and certification

Membership tees for formal and informal standard development organizations

Logistics (travel etc.)

Costirisk of including one’s own patents into a standard

Patent pool management

Back-end support

L=gal {litigation)

Lobbying

Source: Inteniiews with leading standards experts inihe US, the EU, and China

22 For details, see: Ernst, D 2011, Indigenous innovation and Globatization.
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Typically, tasks 1, 3 and 4 are the most costly, but in case of litigation, legal costs
in the United States can easily run into the hundreds of millions of U.S. dollars. In
China, however, while costs of patent litigation are rising, they still remain significantly
lower than in the United States®,

Capability Sets

As for capability sets, the modet distinguishes two countries. Country A (the “innovator”)
has a long history of standardization, a proven ability to operate successfully within stan-
dardization bodies and to shape international standards, a fairly diversified production
and innovation system, and a broad base of accumulated knowledge and intellectual
property rights (IPR) that helps to generate product and process innovations. Country
A thus is able to ""control much of the technological input necessary to meet the stan-
dards.” (Pai, 2013: p. 5) As aresult, a primary cancern of law and policies in country A is
the protection of IPR, and the "openness” of standards is subordinated to IPR protection.

Country C (the “global factory"), on the other hand, is a relative latecomer to stan-
dardization. Country C is a standard taker, manufacturing products that are developed
and standardized by Country A, Country C still has to learn how to operate successfully
within standardization bodies. Most importantly, country C still has a long way to go
to establish a fairty diversified production and innovation system and a broad base
of accumulated knowledge and IPR that would allow it 1o shape or at least co-shape
international standards. tn country C, laws and policies are focused on economic de-
velopment and the diffusion of knowledge inherent in IPR. Standardization is viewed as
an enabling platform for innovation and latecomer economic development,

Standardization Strategies

In principle, countries and companies can choose one of the following standardization
strategies described in Table 2 {or a combination of them).

Table 2: Standardization Strategies

Free rider: Let others develop standards and save costs

Get existing standard fasi so that products with the standard's technalogy can be deployed

Fast follower: quickly

Adjust existing international standards to suit a country’s specific needs, and deploy these
adjusted standards In current and future praducts

Cao-shaper:

Leader: | Creale new standards and embed own essential patents in the standard

23. Top judgments {or settlements) range fram AMB 30 million to AMB 157 millian. Top cases include domestic fims
litigating against forgign lirms, with only one top case of 4 foreign firm hhigating against a domastic one. (Interview
with Zhang Yan, 1IBM senicr counsel mternatonal property law, April B, 2010
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Country A and its leading firms are likely to pursue standards leader or co-shaper
strategies, while country C and its ieading firms will initially focus on free rider or fast
follower standardization strategies.

The diversity of standardization capabilities and strategies explains why there are
significant differences in the organization and governance of standardization pro-
cesses. These differences reflect differences across industrial sectors in technalogy,
demand patterns and competitive dynamics. But standardization processes also di-
ffer across countries, reflecting the underlying conditions of population, resources,
technological capabilities, products and tastes. Standardization processes reflect
peculiar characteristics of a country’s economic institutions, its level of development,
its economic growth model, as well as its culture and history®*.

Unfortunately, an important weakness of the standardization literature is that we
still lack systematic research that compares different national standards systems
and their divergent development trajectories®. Existing comparative studies are fo-
cused on the American, the European and the Japanese standardization systems,
neglecting important developments in latecomer countries like Korea, India, Brazil,
and, most importantly, China?®.

3. Latecomer Economic and Technology Development — A Dual Challenge

A central proposition of this paper is that the study of standardization needs to be
"'nested” in the targer context of latecomer economic and technology development.
The essence of latecomer economic development is narrowing the gap in producti-
vity and income relative to a leading country like the US.

Latecomers to industrial manufacturing and innovation, such as Korea and Chi-
na, are facing a dual challenge. They need o overcome very substantial barriers to
entry (“latecomer disadvantages”) that result from being backward in market size
and sophistication and in the level of technology. At the same time, however, lateco-
mers need to exploit new opportunities as they are facing fewer tegacy constraints te
technology development, strategy and organization (“latecomer advantages”).

24. Kindieberger, C. P 1983. "Standards as Pubhc, Collective, and Private Goods" 363

25, There are of course marny speciatized dala bases for engineers hat compare technical standards for particular tech-
nelngies. But very litlle research exists that compares institutional arrangements and strategigs that shape different
national standards systems.

26. An example of this outdated view of the global map of nahonal standards systems can be found in Matth, W and
T Buethe. 2003, “Sefting International Standards: Technalogical Ratianality or Prirmacy of Power?” Warld Politics 56
{Octh 1-42. See however a new project by the National Acadermy of Sclences that seeks to compare different na-
licnal systems of managing intellectual property in standard development organizations (hitp://sitas_nationalacad-
emies.ofg/PGA/slep/PManagement/index him ) see also Lee, H and Huh, J., 2012, "Korea's Strategies for ICT
Siandards Inlernationalisation: A Comparison with Ching,” International Journal of IT Standards and Slandardization
Research (MTSA}, Vol 10 #2
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The distinction between “latecomers” and incumbent “leaders” who have accu-
mulated "first-mover advantages” goes back to debates among economic historians
on how “relative economic backwardness” in the 19th century has shaped the pat-
terns and strategies of industrialization of countries such as the US, Germany, Japan
and Russia®’. It was argued that, under certain conditions, economic advantages are
conferred on countries which are latecomers 10 industrial development. The basic
idea is that those who are behind have the potential to make a larger leap. According
1o a classical study, "the larger the technological and, therefore, the productivity gap
between leader and follower, the stronger the foliower's potential for growth in pro-
ductivity: and, other things being equal, the faster one expects the follower's growth
rate to be. Followers tend to catch up faster if they are initially more backward.”* In
one of its more sophisticated versions, this argument contents that, since the cost
of changing to each more advanced level of technology progressively increases,
latecomers do have a chance of bypassing industrial early starters. (Ames and Ro-
senberg, 1963)

Case studies of latecomer industrialization however have identified a great variety
cf entry barriers for countries that are late adopters of a technology®™. Such entry
barriers include but are not restricted to

* Production-related scale economies, including learning economies, thresh-
old barriers and economies of scope;

+ Barriers refated to intangible investments required for developing the knowi-
edge and competence base as much as complementary support services;

* Barriers to entry and exit of network transactions, particularly in the context of
sourcing arrangements for core components;

+ Barriers related to customer relations, including market intelligence, sales
channels, and maintenance and repair;

* And the growing number of regulatory barriers (including standards) which,
directly or indirectly, affect the costs of entry.

None of these entry barriers however are absolute— they can be reduced under
certain conditions. Take economies of scale which can constrain the entry of lateco-
mers for at least three reasons: the exisience of leaming economies, the lumpiness
of investment and the need to reduce the cost of increasing product variety®. In prin-

27. Gerschenkron, A, 1962, Economic Backwardness in Historical Perspective, Belknap Prass af Harvard University,
Cambridge, Mass, Nelson, B.R. and G. Wright, 1992, “The Rise and Fall of America's Technolagical Leadership: The
Postwar Era in Historical Perspective,” Journal of Economic Literature, 3044 1031-1864; Landes, D., 1965, apan
and Europe: Conbrasts in Industnahzation™, in: Lockwood, WW. (ed)). The Slate and Fconornic Enterprise in Japan,
Princeton University Press, Princeton.

28, Abramovilz, M, 1889, "Catching up. forging ahead, and falling behind”, chapter 7 in Abramaovitz, M., Thinking abou!
Growth. And Other Essays on Economic Growth and Welfare, Cambridge University Press, Cambridge etc - 221,

28, The iollowing sections draw on: Ernst, 0. and O'Connor, D, 1982, Competing in the Eleciranics industry. The Experi-
ence of Newly industriafising Economies, Development Centre Studies, OECD, Paris.

30. See for instance: Bain, J.5., 1959, Barriers lo New Compelilion, Harvard Unreargity Press, Cambridge, Mass
Scherer, FM | 1880, fndusinal Manket Structure and Economic Performance, Houghton Mifflin Company, Boston.
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ciple, this could be avoided, if the market expanded rapidly. In that case, market lea-
ders might even welcome the entry of at least some new competitors, as the leaders’
production capacity could fall well shor of existing demand. With demand booming,
new entrants might be willing and able to sustain at least some initial losses, given
the prospects for future profits.

For guite some time, the information technology (1T} industry was the archetypical
growth industry. Today, however, new entrants are confronted with a situation where
rapid demand growth is no longer assured. It is due to this market growth constraint
that economies of scale have become an important barrier to market entry®'. [n such
a situation a latecomer faces a major challenge. He must expand the market through
non-price means, i.e. through product differentiation and the creation of new markets
and distribution channels, and through the development of strong and sophtsticated
standards systems.

The probiem of course is that economies of scale for such activities may even
ke higher than economies of scale in manutacturing. For instance, a latecomer may
be disadvantaged relative 1o a large incumbent market leader who can spread her
budget for standards deveiopment over a large output and who can purchase in-
ternational standards at negotiated discounted prices if it has sufficient negotiation
power in the market.

Latecomer strategies for standardization are even more constrained by the “first
mover advantages” which market leaders have been able to establish relative to
lalecomers in terms of cost, quality and speed-to-market of standards development.
Such "“first mover advantages” usually result from accumulated experience in mana-
ging standard development organizations, and privileged access to the best sources
of knowledge. At the same time, first movers have been able to amass a vast amount
of market intelligence, technological capabiliies and organizational competence
which, in principle at least, allows them to calibrate and quickly adapt standards to
changes in demand, technology and production economics.

As a consequence, latecomers, “... face higher unit costs in providing the good
and service involved — and therefore earn a lower rate of return.”2 This, in turn,
constraing their capacity to finance standards development. It also limits funds avai-
lable for the purchase of interational standards and for the intangible investment
that is essential for organizational upgrading and for more active participation in
international standards development organizations and private consortia — all of
which are necessary preconditions for catching-up with industry leaders. Latecomer
disadvantages thus have a built-in tendency of mutual reinforcement.

31. Emst, D.. 2002, “The Economics of Electronics Industry: Competitive Dynamics and Industrial Organization”, in
Lazonick, William (ed ), The interational Encyclopedia of Business and Management (IEBM), Handbook of Ecanom-
ics, London, International Thomsen Business Press.

32, Ergas, H., 1987, “A Survey of the Role of Entry Barriers," in Henry Ergas et. al (eds ), Carparate Strategies in Transi-
tion, New York.
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However, the new world of ubiquitous globalization also provides new opportu-
nities for latecomer economic development. Countries like Korea and China have
been able to catch up and to forge ahead, even in complex technologies like advan-
ced information and communications technology. New entry possibilities may open
up for instance, as technological change erodes established market structures and
tleadership positions. In addition, “first mover advantages” are sometimes constrai-
ned by weak intellectual property protection that facilitates copying and knowledge
ieakage. Also, incumbent market leaders may become complacent and neglect to
fight against latecorner aftacks.

Furthermore, latecomers are fast followers of established technology roadmaps.
Hence, they have the great advantage of being able o set clear targets for pro-
duct development and related research. Finalty, latecomers can compare and learn
from the experience of incumbent leaders, particularly their failures in reducing costs
and in adapting products and the distribution system to changing customer needs.
Through judicious strategies of lower-cost innovation, latecomers can avoid being
trapped into huge R&D cost burdens. By acting as suppliers for CEMs, whether as
EMSs or ODMSs, latecomers can also aveid the huge investment outlays required for
distribution networks and marketing.

Industrial latecomers however face fundamental trade-offs in their attempts to
catch up with industry leaders. New technologies figure prominently in shaping suc-
cess or failure. Latecomers can either use these technologies to upgrade traditional
industries or they can seize new market opportunities spawned by those technolo-
gies in high-tech industries. In the former, latecomers may already be well establis-
hed and cost-competitive, whereas in the latter they are newcomers and are trying to
catch up technologically in intensely competitive markets.

Another trade-off latecomers must address is that between timely access to new
technologies and the ability to develop such technologies indigenously. Given the si-
zeable technology gap, especially in high-tech industries, that separates latecomers
from technology leaders in the US, Japan and the EU, relying principally on their
own R&D capabilities might well condemn the latter to using obsolete technologies.
Importing the technologies would provide readier access to the latest vintages but at
the expense of perpetuating technological dependence.

In short, conscious efforts are required in latecomer economies, both by firms
and governments, to invest in R&D infrastructure and Higher Education. Most im-
portantly, latecomer economic development requires a careful coordination of in-
novation and standards policies that combine the protection of intellectual property
rights and the development of a broad portfolio of high-quality intellectual property
rights, with a focus on patents that are widely quoted and essential for the definition
of important standards.
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4. Inteilectual Property Rights and Economic Development: Lessons for
Standardization Research

To calibrate standardization research tc the needs of latecomer economies, impor-
tant lessons can be drawn from recent work on the role of inteliectual property rights
(IPR) for economic development™,

Learning advanced technologies is critical for successful catching-up. The pro-
tection of intellectual property rights is a necessary, but by no means sufficient, con-
dition. Detailed case studies of earlier historical experience in the United States, the
Scandinavian countries, Japan, Korea, and Taiwan demonstrate that IPR protection
can enly contribute to economic development if it takes place as part of a multi-
faceted innovation strategy that seeks to strengthen absorptive and innovative ca-
pabilities of firms, and to develop a broad-based innovation infrastructure (including
standards)*.

The relaticnship between intellectual property protection and innovation is com-
plex - "aithough stronger IPR pretection directly increases the incentive to innovate,
it also discourages innovation in the long run by suppressing the process of ‘learning
by doing." ... This implies that both very strong and very weak IPR policies decrease
innovation, so a moderate approach is preferable”®.

Of particular interest for the study of standardization is that IPR regimes signi-
ficantly vary across industries and across countries of different economic size or
different technological capacity. Case studies "document again and again the very
great differences across indusiries in the extent to which IPR regimes, indigencus
or foreign, affect the catch-up process....[Hence], it makes no sense to talk about
the influence of IP on development in general. One has to specify the sector one is
concerned with"3,

Latecomer countries face a fundamental dilemma: A weak IPR regime may stimu-
late imitation (without patent hclder consent), while discouraging the development of
advanced technology through licensing or inward FDI, or through domestic innova-
tion efforts. In a developing country, “utilization of knowledge invented abroad should
be given priority over incentive for invention and, hence, a weaker patent regime that
targets diffusion ... [rather].. than creation should be adopted™.

33 See: Goldsten, P and . Straus, 2008, nleflectual Property in Asa: Law, Economics, History and Politics, Springer,
Berlin and Heidetberg; An, Baisheng, 2009, “Intellectual Property Rights in Information and Cornmunications Tech-
nology Standardization: High-Profile Disputes and Potential for Collaboration between the United States and China,”
Texas Intemational Law Journal 45: 185,

34. Seecase stutly chapters 2-6in: Cdagiri, H., A. Goto, A Sunami, and R. A. Nelson (eds ), 2010, inteffectual Property
Ricghis, Development, and Catch-Up, London, Oxford University Press.

35, Furukawa, ¥, 2010, “Inkellechual Propety Protection and Innovation: An inverled-1 Relationship,” Economics Lefters
109:99-101

36, Odagin, H. A Gate, A Sunami, and R R. Nelson {eds.), 2010. infeectual Property Rights.

37, Ibid.: 11,
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Hence, a country’s IPR regime needs 1o evolve with the development of its do-
mestic innovative capacity. “... The relative merits of different IPR regimes change
over the stages of economic development.... Typically, countries try to alter their IPR
regime in response to changing needs. In consequence, a country's IPR regime
likely coavohves with its economy™®. As long as a country’s innovative capacity is
weak, it benelits from a relatively foose IPR regime. Once the country's innovative
capacity begins to improve, its IPR regime needs to be gradually strengthened.

In addition, there is an important international dimension. In-depth research on
Asia’s export-oriented economies finds that, while their own IPR regimes matter, of
at least equal importance for their economic growth have been the IPR regimes of
their main export markets in the United States, the European Union and Japan. That
research also shows that a sophisticated domestic IPR regime is important, as it
forces Asian firms to learn about IPR legal issues and to accumulate capabilities for
IPR management.

5. The Tension between Standards, Patents and Innovation

The relationship between standards, patents and innovation is much more comnplex
than acknowledged thus far in innovation theory, Policy-oriented research needs to
highlight a fundamental tension that sets standards apart from innovation.

By freezing a given technology, standards are supposed to provide stability for
industry and customers, as well as for international trade and investment. Yet, at the
same time, innovations continucusly upset this stability by introducing new products
based on new standards. J. A. Schumpeter's theory of “creative destruction” provi-
des a useful analytical framework. For Schumpeter, capitalism

“is by nature a form or method of economic change and not only never is
but never can be stationary. And this evolutionary character of the capftalist
process ... fis driven by innovation]. . the fundamental impulse that sets and
keeps the capitalist engine in motion.... finnovationf ... incessantly revolutio-
nizes the economic siructure from within, incessanily destroying the old one,
incessantly creating a new one. The process of Creative Destruction is the
essential fact about capitalism. ... In other words, the problem that is usually
being visualized ... [by economic and fegal theories] ... is how capitalism ad-
ministers existing structures, whereas the relevant problem is how it creates
and destroys them™.

A8, Iid: 12
39, Schumpeter, J. A, 1950, Capitaitsm, Socialism, and Democracy 83-84.
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On the positive side, there is no doubt that standards can be a critical enabler of
innovation. There is no automatic link, of course, but standards can foster economic
growth by reducing transaction costs and achieving economies of scale through in-
terchangeability*®. Ecoenomic standardization theory has shown that “... {sjtandards
affect the R&D, production, and market penetration stages of economic activity and
therefore have a significant collective effect on innovation, productivity, and market
structure™!.

That does not imply that standardization per se is good under all conditions. For
instance, standards that fail to address critical societal concerns with regard to cli-
mate change, health, or product safety may actually give rise tc wasteful and even
destructive innovation. Standards may also effectively limit innovation and economic
growth when they are used as a weapon to block competition®.

Patents provide the missing link to such anti-competitive conduct. Their role for
standards has increased with rising technological cemplexity. Increasingly, stan-
dards include technologies that are protected by IPR. In theory, a neat distinction
is possible between standards that are a “public good” (free, collective good) and
patents that are a "private good” (for private, exclusive use by patent owners)®?. But
in reality, tensions are rising between patents and standards: “... (w)hile technical
standardization is meant to transform ideas into a public good, patent protection
transforms them into a private good”*,

As globalization has increased technology-based competition, the key to com-
petitive success is a broad portfolio of “essential patents,” which are necessary o
produce any product that meets the specifications defined in the standard®. In fact,
each of the major interoperability standards in the IT industry is protected by multiple
patent families, giving rise to patent thickets. With increasing complexity of techno-
logies, these patent thickets become denser. For instance, for the GSM standard
(for second-generation mobile telecommunications systems), 140 essential patents
were claimed by their respective patent holders®,

For the third-generation mobile standards, the number of essential patents has
substantially increased. For example, W-CDMA {one of the three competing 3G stan-

40, Kindleberger, C. P, 1983, “Standards as Public, Collective, and Private Goods”.

41. Tassey, G.. 2000, "Slandardization in Technology-based Markets,"Research Poficy 29: 587,

42, Lemiey, M., 2002, “Intellectual Property Rights and Standard-Setting Organizations,” Cafifornia Law Review 901889
1981,

43, Economists typically define “public goods™ by two qualities: "non-tivalry in consumplion (i.e. they are nol depleted by
an additional user) and non-excludability {i.e. itis generally difficult or impaossible to exclude people from its bensfits,
even if they are unwilling to pay for them)™, see; Baumol, W, J., and A_ 8. Blinder, 1991, Economics: Principles and
Poficy, 5th ed., Fort Worth, TX, Harcourt Brace Jovanaovich: 617,

44 European Patent Office, 2007, Scenanios for the Future. Munich: European Patent Office. hittp/fiwww.epo, org/news-
issues/issuesfscenarios.html: 83.

45 Patents are “essential™ to a standard when it is nol possible 1o comply with the standard without infringing that inte)-
lectual property right.

46 Bekkers, A., G. Duysters, and B. Verspagen, 2002, "Inteflectual Property Rights. Strategic Technology Agresments,
and Markel Struciure: The Case Of GSM," Rasearch Poficy 31:1141-61.
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dards) is protected by more than 2,000 patent families comprising maore than 6,000
individual patents from some 50 companies and consortia (Davey 2006). At the same
time, the number of standards required for a singie mobile device has grown expo-
nentially. Today's typical smart phone combines hundreds of standards coming from
dozens of standard-setting organizations, for camera, video, web browser, PDA,
WiFi, Bluetooth, Linux, USB, and so on. As a result, smart phones have become the
tatest patent battleground. In 2010, nearly 8,000 patents held by 41 companies apply
only 1o the 3G wireless communications capabilities of a typical smart phone?’.

The use of “essential patents” as a strategic weapon to prohibit, delay or obstruct
standardization processes is well documented in the literature®®. This is the case
for instance when incumbent market leaders pursue so-called ‘platform leadership’
strategies through allegedly open but de facto proprietary standards®. While nomi-
nally “open”, these standards are designed to block competitors and to deter new
entrants.

Two highly influenttal studies on the licensing and disclosure of private standard-
selting organizations by M. Lemley document the difficulties of finding fair and
reasonable non-discriminatory (FRAND} compromises in private standard-setting
organizations 1o reduce the negative impact of strategic patenting™®.

This is especially difficutt for industries, like the information and communications
technology sector, where interoperability standards are required to make producis
or services compatible with each other in order to maximize the benefits of network
externalities. The emergence of a "winner-takes-all” competition model, described
by Intel’'s Andy Grove, implies that companies need to combine economies of scale
and scope with flexibility and speed-to-market®'. Only those companies thrive that
succeed in bringing new products to the relevant markets ahead of their competitors.
Of critical imporiance is that a firm can build specialized capabilities quicker and at

47, Confidential interview with srart phone company.

48. See the seminal anicle: Lemley MA. and C. Shapiro, 2007, “Patenl Holdup and Royalty Stacking”, n Texas Law
Review, Yol 85 1991 to 2041 For an anatysis of wnphcations bor slandard development organizations and policy
makers, see: Weiss, M B H. and M. B. Spring, 2000, "Selected Intellectual Property Issues in Standardization”, in Kai
Jaccbs (ed}, information Technology Standards and Standardizalion: A Global Perspective, dea Group Publishing,
Hershey USA, London UK 63-79.

49, The overnding purpose of "plattorm leadership” strategies is to leverage the exisling market power of industry
leaders imo the conrol of “systemnic archilectural innovations,” see Gawer, A, and M A. Cusumano, 2002, Piatform
Lederstup. How intel, Microsolt and Cisco Dnve industry Ionavalion, Harvard Business School Press, Boston, Mass
For example. Inlel has atternpled 10 exdend its conirol over microprocessors by creating widely accepted architec-
tural designs 1hat increase the processing requirements of electronic sysiemns and. hence, ke marksl for Inlel's
microprocessors, see: Gawer, A and B Henderson, 2007, Platform Cwhnier Entry and Innovation in Complernentary
Markets Evidence from Inle!, NBER Working Faper, National Bureau ol Economic Research, hHlp/fsww.niber org/
papersiw1 1852 pdf, accessaed June tst, 2010,

50. Lemley, M.. 2002, "Intelleciual Froperty Righls and Standard-Setting Organizations™; Lemley M A and C. Shapiro,
2007, "Patent Holdup and Royalty Stacking™. See also the recent systemalic siudy by Jorge Condreras who lays ou an
allemative approach locused on a retorm of standard-seliing organizations Contreras, J., 2012, “Rethinking RAND
DSO-Based Approaches 1o Patent Licensing Commitments”, presenled at ITU Paienl Roundlable, October 10.

51 Grove, AS.. 1096, Only the Paranoid Survive. How to Exploit the Crisis Points that Challenge Every Company and
Career, Harper Collins Business. New York and London
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less cost than its competitors®. Hence, competitive success critically depends on
"a capacity to control open-but owned architectural and interface standards."* It
is hardly surprising that, under such conditions, as John Alic puts it, “firms may be
termpted to seek profits through collusion rather than technological innovation. And
when innovations do result, the costs may be high."**

According 1o a recent study by the Federal Reserve Bank of Philadelphia, finding
fair and non-discriminatory compromises is made even more difficult by "the po-
tential for opportunistic behavior by participants who own patents on a technology
essential to the standard, There is a risk that without sufficient transparency and suffi-
ciently strong mutual interests, network participants could make large investments to
implement a standard only to be held up by a firm threatening to withhold a key piece
of technology”*®. The study argues that “... in ali likelihood some kind of agreement
would be reached, but on terms substantially worse than the participants initially
expected. Indeed, the risk of such an outcome may discourage firms from adopting
a standard or even participating in the standard-setting process. In other instances,
awareness of a key blocking patent might lead to the adoption of a standard that
poses less risk to participants but which is also technologically inferior. ™"

In short, the use of “strategic patenting” to generate rents from de facto industry
standards has transformed the dynamics of the international standards system, with
potentially very negative implications for latecomer economic development. Within
the WTO framework of TRIPS (trade-related aspects of intellectual property rights)
and TBT (technical barriers to trade) agreements, only very few remedies are avai-
lable to address the fundamental tension between patents and technical standards.

This enables patent holders 1o engage in anticompetitive conduct within natio-
nal and international standard-development organizations and from outside, The
weapons at their disposal include patent hold ups, patent ambush, royalty staking,
strategic injunctive reliefs, unilateral refusal to license, and violation of FRAND (Fair,
Reasconable and Non-discriminatory) contracts. In short, patent holders can increase
their market power “when they demand ‘unreasonable’ rayalties for their patents that
are embedded in standards. Thus, standards generate a market power far beyond

52 Kogut, B and lJ Zander, 1993, "Knowledge of the lirms and the evalutionary theory of the mullinational corporation”.
Joumal of International Business Studies, 24 [4).

53 Ernst, D., 2002, "The Economics of Electronics Industry: Cornpetitive Dynarmics and Indusirial Organization. In Lazo
nick, William (ed.}. The international Encyclopedia of Business and Management (IEBM), Handbook of Econamics,
London, Inermalional Thomson Business Press.

54, alic, J., 2008, “"Energy nnovalion from the Bottomn Up." Project background paper prepared for the joint praject of
the Consorium for Science, Policy, and Qutcomes (CSPO). Arizona State Universily, and Ihe Clean Air Task Force
(CATF}, March: 3.

55. Hunt. R M. S Simojoki, and T Takalo, 2007, "Intellectual Property Rigitts and Standard Selling in Financial Services:
The Case ol Ihe Single Euwropean Payments Area.” Wonking Peper Mo, 07-20, Research Department, Federal Resarve
Bank of Philadelphia. Avaitable at hitp:/fwww philIrb org/research-and-data/publications/warking -papers/ 2007/
wp07-20.p0f, accessed May 17, 2010

56. Ibid.: 3.
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the power of exclusion and the freedomn of contract granted by patent law [italics
added, DE]."¥

By stifling innovation and knowledge diffusion, this type of "strategic patenting” is
likely to have a quite negative impact on latecomer economic development.

6. Conclusions and Policy Implications

This paper has explored how standards and innavation interact in countries that are
latecomers to industrial manufacturing and innovation. These countries seek to catch
up with the preductivity and income levels of the US, the EU and Japan, but they
have only recently begun to build up their innovation and standards systems and
strategies.

A central proposition is that latecomer economies like Korea and China face ap-
portunities and challenges in their standards and innovaticn pelicies that differ quite
considerably from the oppaortunities and challenges faced in today's advanced eco-
nomies. Latecomers typically are standards takers, and have a long way to go in
their efforts to shape or at least co-shape international standards. Latecormers also
typically are more vulnerable to the impact of “strategic patenting” strategies that lar-
ge patent holders use to generate rents from controlling de facto industry standards.

Furthermore, latecomers lag behind advanced economies in the sophistication of
their standardization capabilities and strategies, and hence are likely to face higher
costs of developing and disseminating effective standards. At the same time, ubi-
quitous globalization and rapid and disruptive technical change (such as the rising
complexity of digital networks) create new challenges for standardization. No Korean
or Chinese company can succeed in international trade without mastering intero-
perability standards that are necessary 10 transfer and render useful data and other
information across geographically dispersed systerns, organizations, applications,
or components. This process has increased the economic importance of standar-
dization, but especially so for latecomer countries which, like China and Korea, are
deeply integrated into international trade and global corporate networks of produc-
tion and innovation.

Given all of these challenges for standards developrrent in latecomer economies
—some of them quite new and little understood —is it really sufficient to reduce the
debate o a static assessment of the compliance of latecomer standards institutions
and strategies with existing approaches to IPR management in standards? In light of
the different institutions and weaker standardization capabilities in latecomer cour-
tries, couldn’t one argue that standards and innovation policies that worked well for

57. Pai, YA, 2013, "The international Dimension of Propretary Technical Standards: Through the Lens of Trade, Campe-
titsan Law and Developing Countries”, Law, Poficy & Economics of Technical Standards edournal, Vol 1, Na. 1, March
1: 5
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advanced economies may not necessarily be the optimal choice for fostering late-
comer economic and technological development? And, specifically, what constitutes
success or failure of standardization for latecomer economic development?

In the US, where standards are developed primarily by private firms, success is
typically defined by commercial criteria, like market share, return on investment, and
rents that innovators can reap from a particular technology. In latecomer societies,
we need a definition of success that links standardization to the broader challenges
of innovation and economic development®, In essence, a standards project will be
considered a success if it:

* maximizes learning effects and standardization capahilities;

» avoids strategic patenting by owners of essential patents that could block in-

novation,

* reduces licensing costs to avoid getting caught in the so-called patent trap;

» broadens the scope for innovation to aveid technology lock-in by not blocking

foreign standards®,;

* protects confidentiality, integrity, and availability of data through information

security industry standards;

+ facilitates and broadens the diffusion of best-practice productivity-enhancing

generic technologies;

* initiates open and transparent standardization processes that are in line with

WTO and other international regulations;

+ helps to adjust the governance mechanisms and institutional architecture of

international standards-setting bodies;

+ and develops a capacity for flexible and fast adjustrments, in cases where poli-

cres do not produce the expected results.

This broader definition of success has important poficy implications. The inter-
national community should acknowledge that the challenges faced by latecomers
are significant and that one should not always apply the same criteria in judging
performance of latecomers as one would to the advanced industrial economies. In
light of very different political and econcmic institutions, it is unrealistic to argue that
latecormners should converge to a U.S.—style, market-ted systern of voluntary stan-
dards. Countries like Korea and China will need to find their own institutional and
legal approaches to develop a standards system that can both foster innovation and
cope with the challenges of globalization and rising technological complexity.

Latecomers, in turn, would benefit from studying inherent advantages of the dee-
ply-rooted U.S. tradition of decentralized, market-led approaches to standardization.

58. The following definition of success draws on: Ernst, O, 2011, indigenous Innovation and Globatization.

59 Brian Anhur provides the classic analysis of “technolagy lock-in." He shows that the econarmy, aver trme, can ba-
come locked N by “random” histoncal events 1o a tachnological path that is not necessarily efficient, not possitle
10 predict from usual knowledge of supply and demand functions, and not easy to change by standard tax or sub-
sidy pohcies. see: Athur, W. Brian, 1389, “Competing Technologies, Increasing Returns, and Lock-In by Historical
Events,” Economic Journal 99 (March): 116-31.

54



Global Production Networks The Case of China

This may lead to new ways of blending elements of a U.S —style voluntary system
through independent standards development organizations and consortia with a
government-led coordination of standards, innovation, and competition policies.

For instance, a hybrid of the best elements of the U.S. and Chinese standards
systems could help tatecomers to foster indigenous innovation while maintaining
open markets. The Chinese model of an integrated government-coordinated innova-
tion and standardization strategy can help to generate the massive investments nee-
ded to upgrade a country's innovation system and its standardization capabilities.
At the same time, elements of a US-style decentralized market-led standardization
system can help to increase the flexibility of policy tocls and institutions in order tc
cope with sometimes disruptive effects of unexpected changes in technology, mar-
kets, and business sirategies.

in a world of rising complexity and uncertainty, it is always preferable to have built-
in redundancy and freedom to choose among alternatives rather than seeking to
impose from the top the "one best way” of doing things. First, rising complexity dras-
tically reduces the time available for standards development and implementation,
which makes it practically impossible to get solutions right the first time. There may
have to be many policy iterations, based on trial and error, and an extended dialogue
with all stakeholders to find out what works and what doesn't.

Second, rising complexity makes it difficult to predict possible outcomes of any
particular policy measure, especially unexpected negative side effects, of which the-
re is an almost endless variety. In fact, a small change in one policy variable that
describes a particular procedure for achieving compliance with a particular standard
can have far-reaching and often quite unexpected disruptive effects on many other
policy variables and outcomes.

And, third, it is next toimpossible to predict the full consequence of interactions among
an increasingly diverse population of both domestic and international standardization
stakeholders. Given the diversity of competing stakeholders in standardization, the results
of a particular national standards policy depends much more on negatiations, gaming,
and compromises than on the logical clarity and technical elegance of that palicy.

To conclude, countries like Korea and China today provide an experimentation
field for new approaches to standardization that seek to combine the advantages of
a bottom-up, market-led approach with a unified strategy designed and implemen-
ted in close cooperation between industry and government. These new approaches
to standardization may also influence debates about international trade agreements,
This is true especially for Asia where US-led efforts to create a Trans-Pacific Part-
nership trade agreement compete with a China-backed Regional Comprehensive
Economic Partnership (RCEP} and CJK, i.e. negatiations between China, Japan and
Korea to strengthen trade integration between these three Northeast Asian countries,

In short, policy-makers and corporate executives in the United States, as well as
in the Eurocpean Unicn and Japan, would be well advised to study these new hybrid
institutional approaches to standardization for latecomer economic development,
and to learn from them.
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From Catching Up to Forging Ahead?
China’s Prospects in Semiconductors'.

Dieter Ernst

Overview of Topic and Why it is Important

On the 24th of June 2014, China's government issued the “Guidefines o Promote
National Integrated Circuit Industry Development” which spells out concrete and am-
bitious development targets for China's semiconductor industry®. This strategy has
the support from the top leadership. The goal is to move from catching-up to forging
ahead in semiconductors, by strengthening simultaneously China's integrated circuit
(IC) design industry and domestic IC foundry services.

This study takes a close took at objectives, strategy and implementation policies
of China’s new push in semiconductors and examines what this implies for China's
prospects in this industry. The following questions are addressed in particular: in
light of the mixed results of earlier support policies in this industry, how realistic are the
expectations, outhined in the Guidelines? Does the Semiconductor Strategy signal a
resurgence of state-ted mercantilist industrial policies? In other words, is the Govern-
ment just fitling Old Wine into New Bottles? Or are there signs of a real shift in strateqy
and policy implermentation that seeks to address global transformations in markets
and technology and the rise of private firms in China's semiconductor industry?

1. Earlier versions of the paper have been presented at the University of California Instiiute o Global Conihcl and
Cooperation {IGCC) canlerence in Sar Diego on the Pelitical Economy of China's Technology and Innovation Poli-
cies, June 27, 2011, the University of ChicagofTsinghua University conference on Industrial Co-Development, al
the Universily of Chicage Beijing Center, July 13-16, 2011; Ihe University of Chicago/MIT/ Copenhagen Business
School conterence on Industnal Co-development wath China, Sept 24 and 25, 2012; the Informabion Technology and
Innowvation Foundation (ITIFy conference an China's Indigenous innovalion Policy and the Semicanductor industry |
Washington, D.C . December 13, 2012, the 2013 Amencan Association for the Advancemend of Science (ABAS) An-
nual Megling, 17 February 2013; the East-West Center/Uriversity of Frankfun China conference in Honolulu, Apni 7,
2014; the LIS Semiconductor Industry Associalion (SIA), Washington, D.C. September 18, 2014, and the Paterson
Institute for International Economics. Washington, DC | September 19, 2014,

2. USITO, 2014, “Guidelines o Promote National integrated Circun Indusiry Developrment” {unauihonzed translation of
document pubhshed by the Ministry of Industry and Information Technology, the natonal Developmenl and Reform
Commission, the Ministry ol Finance, and the Deparlmenl of Science and Technology, June 24, Uniled Stales Infor-
mation Technology Office, Beying
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In addressing these questions, the study contributes to the literature three ab-
servations: First, top-down state-led "old industrial policies” simply don't work in a
knowiedge-intensive and highly globalized industry like semiconductors, where ba-
sic parameters that determine how China will fare may change at short notice and
in unpredictable ways®. Rising complexity of technology, business organization, and
competitive dynamics are the root causes for such uncertainty?. If China wants to
forge ahead in the semiconductor industry, it needs to move towards a bottom-up,
market-led approach to “industrial policy”. There is ample evidence in the literature
that latecomers like China need industrial support policies to catch up and develop
a robust industrial ecosystem®. But this does not imply old-style top-down industrial
policy. In fact, successful catching-up, and even more so forging ahead, requires
market-driven approaches to investmeant finance, and a capacity for flexible policy
adjustments based on multi-layered industrial dialogues with private firms.

Second, the rise of private firms in China's semiconductor industry further strength-
ens the argument for a bottom-up, and gradually more market-led approach to industri-
al policy. Over the last 80 or s¢ years, China's semiconducter industry has come a long
way from a completely government-cwned part of the defense technology production
systemn, with SOEs as the only players, towards a gradually more market-led develop-
ment pattern. The role of SOEs has dramatically declined, and a deep integration into
international trade and global networks of production and innovation has transformed
decisions on pricing and investment allocation, with private firms as the main drivers®,

Third, while China’s progressive integration into the international economy
has unshackled market forces in the semiconductor industry, China's poticies to
develop this industry stil! carry the legacy burden of the old-style top-down industrial
policy. The result has been an unresolved friction between State and Market, where
policy makers and planners prescribe desired outcomes (in terms of growth rates,

3. Agrowing literature on "new” industrial policies argues that, under conditions of uncanainty, *. ftihe rght rode! for
industrial policy is not that of an aufonomous government apphying .. laxes or subsidies, but of strategic collabora-
tion between the privale sector and the government with the aim of uncovenng where the most significant obstacles
to restructunng fie and what type of inferventions are most likely 10 remove them. . [Tihe analysis of industrial poficy
needs to focus not on the policy outcomes—which are inherently unknowable ex ante—but on getting the polcy pro-
cess right. " (Rodrnik. D.. 2004, Industrial Policy for the Twenty-First Certury, Research Working paper 04-047_ John F
Kennedy School of Government, Harvard University, Novermber: p.3). See alsa Foray, D, 2014, Srnart Speciafisation.
Oppodunities and Chaffenges for Regional fnnovation Policy, Routledge, London and Mew York,

4, See. for instance. Emst, D, 2005, "Complexity and Intematianalisation of Innovation: Why is Chip Design Moving to
Agia?" fntermational Journal of Innovation management, special issue in honar of Keith Pavill, 9 (1), March: pp 47-73.

5. Classic sources nclude Kim, L., 1997, fritation to innovation. The Dynamics of Korea's Technological Leaming,
Harvard Business School Press, Bosten/Mass.; Nelson, R.R. | 2005, Technotogy, Institutions, and Economic Growth,
Cambridge: Harvard University Press. See also Stiglitz, J E and B.C. Greenwald, 2014, Creating a Learning Society.
A New Approach to Growth, Development and Sociaf Progress, Columbia Univarsity Press.

£ SeeErnst D and B Naughton, 2008, "China’s emerging industrial econarmy. insights fram the IT industry”, chapter
3in: CA McoMally (ed), China's Emergent Pofitical Econorny. Capitaism in the dragon's far, Routledge and East-West
Center Studies, London and New York. China's semiconductor firm fits the pattern observed by Nick Lardy: "Private
firms have become 1he main source of economic growth... and the major cantrioutor to China's growing and now
large role as a global trader"(Lardy, N.. 2014, Markets over Mao. The Rise of Private Business in China, Peterson
Institute for infernational Economics, Washington, D.C ., Seprember: page 4.)
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technology, and “indigenous innovation” products), but fail to take into account the
need of industry, and in particular private firms, for global technology sourcing.

The study explores whether China’s new policy on semiconductors signals at least
incrementat movements towards a more bottom-up, market-led approach to “industrial
policy”. Part | demonstrates that China’s achievements in semiconductors are oversha-
dowed by persistent weaknesses, despite massive earlier support of the Government.
Itis argued that China is still playing second fiddle in this industry, because the State's
"Indigencus Innovation Policy” collides with the “Global Technology Sourcing” needs
of Chinese semiconductor firms. China's indigencus innovation policy focuses on the
challenges (licensing costs; cyber-security), but tends to neglect the vast opportunities
that result from China’s deep integration into the global semiconductor value chain,
in terms of learning , the development of innovation capabilities and of best-practice
management techniques and institutions. This raises a fundamental question: What
changes in policy would be needed to combine the benefits of both innovation strate-
gies — "Indigenous Innovation” and “Global Technclogy Sourcing™?

Part |l of the study reviews what we know about objectives and strategy that
shape China's New Push in Semiconductors. In the leadership's view, the new strat-
egy needs to address both persistent domestic weaknesses and new opportunities
resulting from global transformations in semiconductor markets and technology. Part
Two also takes a closer look at two Policy Initiatives to implement the new strategy:
{a) the IC Industry Support Small Leading Group to enhance strategy coordination;
and (b)"'market-driven” IC Industry Equity Investment Funds to improve investment
allocation, and to enhance firm size and capabilities through strategic partnerships,
Jjoint ventures and mergers and acquisitions, involving both foreign firms and do-
mestic firms. The implementation of both policies signals a genuine effort 1o experi-
ment with new and hybrid approaches to industrial policy.

Part Three explores the basic economics that shape China's efforts to upgrade
its semiconductor industry. The focus is on global transformaticns in sermiconductor
markets and technology which provide a demand pull from mobile devices for do-
mestic IC design companies, and upgrading opportunities for China's IC foundries
in trailing-nade integrated circuit process technologies (28nm and above). To exploit
the headwinds from the market, the government is encouraging strategic partnerships
and acquisitions, both among domestic firms and with leading global players. An im-
portant finding is that, in response to the rising complexity and uncertainty of today's
semiconductor industry, the government seems more open 1o experimentation with
new more market-driven approaches to investment finance and flexible, bottom-up
policy implermentation, based multi-layered industrial dialogues with private firms. It is
unclear however to what degree China's semiconductor strategy takes into account its
impact on China's critically important exports of electronic final products.

The study concludes with a brief discussion of three factors that could derail
China's industrial upgrading scenario in semiconductors (i.e. aver-capacity, the
Leadership's cyber-security objectives, and new international frade and investment
agreements}, and lays out implications for future research.
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the Alliance faces many problems, “including a lack of research funds and too many
developers pulling in different directions.”"? And according to interviews conducted
by EETimes with domestic handset vendors and fabless companies, "it's far from
clear how quickly and seriously the Chinese OS will attract local Chinese technology
companies whose business is supplying products not only to domestic consumers
but to the global marketplace "™

More important achievements however are IC designs devetoped by Spreadtrum
and RDA for lower-end smart phones, and IC designs for mid-range tablets, devel-
oped by Fuzhou Rockchip™. A vital achievemnent in technology terms is HiSilicon's
introduction in late September 2014 of the world's first multi-core networking proces-
sor for next-generation wireless communications and routers, and the fact that Tai-
wan'’s global foundry leader has accepted to produce this device using 16nm FinFET
leading-edge fabrication technology's,

Qverall however China IC design capabilities continue to lag far behind the US,
Japan, Taiwan and Korea, in terms of process technology and design line width. In
addition, China tacks strong domestic suppliers of EDA tools and software and do-
mestic licensors of IC design-related intellectual property.

Another noteworthy achievement of China's semiconductor industry is a success-
ful diversification intc Optical devices (especially LED), sensors and discrete de-
vices, where China now is approaching self-sufficiency. By 2013, a Chinese supplier
has entered for the first time the top 10 ranking of packaged LED makers, competing
with leading global players, such as Nichia, Osram, and Samsung.

Of particular interest however is the surge of China's semiconductor assembly,
packaging and testing (APT) industry, which has become the giobal market leader.
Measured in terms of value added, production revenue, employees and manufactur-
ing floor space, China’s APT industry has now moved ahead of Taiwan and Japan
(PwC, 2014). The focus on APT clearly stands out as a pragmatic and successful
sirategic decision. Not only is there a huge market for APT services. And while entry
barriers are lower than for front-end IC fabrication, the technological requirements
are considerable, providing a cost-effective entry strategy for Chinese firms to build
up their management and technological capabilities'®.

12. “Chinese OS expected to debut in October”, Xinhuanet, August 24, 2014, http./inaws xinhuanet.comienglish/
china/2014-08/24/c_ 133530158 m

13 Yoshida. Y, 2014, "China Launcting its Own OS5, Seriously?”, EETimes, August 25, 2014, hitp:/iweww.eetimes.com/
document asp?doc id=1323638

14, See Part Three below for details

15. Shilov. AL 2014, "TSMC builds world's firsl 32-core netwarking chip using 16nm Fin FET process™ Kitguru, Sep-
lamber 25, http:/www kitguru net/components/cpu/anton-shilov/tsme-buiid s-worlds-firsl-32-core-networking-chip-
using-16nm-finlet-process-techrology)

16, China's successful catching-up and forging ahead in semiconductar assembly, lesl and packaging suppors Ken
Lieberthal's imporant abservation: "Pragmatism has been a hallmark of China's reforms aver the past 30 years, as
Chingse leadiers have not flinched from a reafistic view of their challenges. They typically experiment with various ap-
proaches before deciding on the best ways to address mafor concems.” (Lisberthal, K., 2011, Managing the China
Chalienge. How to Achieve Corporate Success in the People’s Repubfic, Brookings Institution Prass, Washington,
DC.p7)
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Persistent Weaknesses

China’s achievernents in the semiconductor industry are impressive. Yet, they cannot
hide the fact that, despite massive government efforts to build indigenous innovation
and production capabilities, China still plays a very limited role in semiconductor
production, IC design, and as an innovator. Of particutar concern is the large and
growing gap between semiconductor consumption and production. From $5.7bn
in 1999, this gap has ballooned to a record $108.2 bn in 2013, and it is projected
to increase to $ 122bn in 2015. According to Chinese sources, only 8.2% of China's
tota! semiconductor consumption in 2013 (estimated at $ 145 billion) are supplied by
Chinese semiconductor firms!’,

As a result, up to 80% of the semiconductors consumed in China-based elec-
tronics manufaciuring needs to be imported. As up to 75% of these electronics end
products are exported, this requires growing imports of advanced ICs that satisfy the
demanding performance requirements of overseas markets. In fact, China's trade
deficit in semiconductors doubled since 2005 to $138 billion in 2011. And in 2012,
the value of China's semiconductor imports (US$232.2 billion) even excesded the
amount it spent on crude oil (US$221 billion).

Equally important are qualitative weaknesses. China's patent applications for
semiconductors show that its innovative capacity is improving, but China still has a
long way to go to catch up with the US. While China’s share of worldwide semicon-
ductor technology-focused patents increased from 13.4% in 2005 to a peak 21.6% in
2009, it has since declined to 14% in 201278,

China continues to lag behind in innovation, especially for advanced semiconduc-
tors. The LS is way ahead in Multi-Component Semiconductors (MCOs) and Multi-Chip
Packages (MCP)'®— the two semiconductor product groups that are at the heart of
the current stalemate of negotiations tc expand the Information Technology Agreement
(ITA)**. And Qualcomm, one of the leading global fabless IC design companies leads
in “multimode” wireless communication chips that integrate various wireless standards
(including the 4G LTE standard, derived from China's TD-SCDMA standard).

In short, China’s IC design industry still has a long way to go 1o catch up with
the leading IC design industries in the US, Japan, the EU, Taiwan and Korea. There
is no Chinese IC design company in sight that might be able to challenge current
giobal industry leaders. According to a recent industry panel on China's IC design
industry, “the center of gravity for chip design has not shifted to China. Despite a few
well-known Chinese companies like HiSilicon and Spreadtrum, the top ten fabless

17. CCID and CSIA dala quoted in Jones, H., 2014, "China Wanis 1o be No.1", EETimes, August 20.

18 Derwent Wordwide Patent data quoted in PwC, 2014,

19. NRC 2012, The New Giobal Ecosystern in Advanced Commputing.

20. For details on China's position in ITA, see Ernst, D., 2014, The information Technofogy Agreement, Indusirial Develop-
ment and Innovation - India’s and China's Diverse Experiences, Think Plece prepared for the E15 Expert Group on
Trade and Innovation and the [nlernational Center lor Trade and Sustainable Development {ICTSDY}, Geneva, htip://
e15initiative. orgiwp-content/uploads/201 4/03/Dieter-Ernst. pdf.
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companigs are all in the US, Taiwan, or Japan. These companies are spending bil-
lions of dollars to invest in new development.”*!

Ag for wafer fabrication, China continues to play second fiddle. While wafer fabri-
cation has moved to East Asia (primarily Korea and Taiwan)??, China's 2015 share of
total worldwide semiconductor wafer production is projected to remain below 11%.
Global IC industry leaders dominate (i.e Intel, Samsung, Hynix) China's wafer fab-
rication. For instance, a recent survey of investments in chip fabrication equipment
finds that China is the fastest growing market, this is primarily due to the ramp-up
of the Samsung NAND Flash Memory fab in Xi'an, which is a $ 6.2 billion project®.

Chinese foundries however are lagging two generations behind in process tech-
nology and wafer size. In fact, China has made substantial new investments in wafer
fabrication plants, but these plants are using older technology and used equipment,
which refiects China’s focus on LED and other applications that do not require lead-
ing-edge semiconductors. Further, as demonstrated in a case study of SMIC, Chi-
na's leading foundry, Chinese foundries lack process innovation capabilitie®,

And Chinese foundries have a long way to catch up with the leading Taiwanese
foundries, which have 80% share of worldwide 2013 foundry revenues versus less
than 5% for leading Chinese foundries (PwC, 2014), Table 1 documents the huge
gap in foundry capacity that separates SMIC, China's largest foundry, from the three
global foundry indusiry leaders.

This describes a fundamental challenge for China's new policy 10 strengthen its
semiconductor industry: China’s domestic semiconductor manufacturing (i.e. wafer
fabrication) technology and capabilities have failed to keep up with the country's IC
design capabilities and needs.

Table 1.
2013 Foundry Capacity Comparison

Foundry Capacity / year

TSMC

Global Foundries
LMC
SMIC

IC. Insights. Producbon capacity fgures converted to 8-inch equivalent wafers in arder 1o enable comparison

21, Limin He, Corporate vice president of Cadence, a leading pravider of computer-aided IC design tools, as quoted in
" China Fabless Semiconductor Pane!: Don't pack your Bags Just Yet", http-//community.cadence. com/cadence
blogs_8/by/iifarchive/2014/06/18/china-fabless-semiconductor-panal-don-t-pack-your-bags-just-yet.

22. According to SEMI, the global industry association serving the manufacturing supply chain for the micro- and nana-
electronics industnes, Asia’s share in worldwide wafer fabrication capacity is now 4%, and i5 expected ta increass
to more than B68% in 2015, See SEMI - Word Fab Watch 2014, hup /iwww serm.org/en/Store/Marketinformatron/
fabdatabasedctr 027237 . Capacity compansons are in équivalent 8-inch wafers.

23. SEMI Forecasts Back-to-Back Years of Double-Digit Growth in Chip Equipment Spending, July 7, 2014, hittp/iwww
semi.org/node/50436

24 Shih, W, 2008, Semiconductor Manulacturing International Corporation (SMIC): “Reverse BOT", HBS SMIC Case
study, hitp #www. hbs.edu/faculy/Pages/ilem.aspx?num =36733
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1.2. Root causes - “Indigenous Innovation Policy” collides with the
“Global Technology Sourcing” needs of Chinese semiconductor firms.

The semiconductor industry has been a poster child of China's innovation policy as
codified in the Strategic Emerging Industries (SEI) plan published in 2012%. What
explains that, despite massive government efforts to catch up and forge ahead in
semiconductors, China still plays a quite limited role in semiconductor fabrication, IC
design, and, most importantly, as an innovator?

To explain this puzzle, it is necessary to examine twe conflicting innovation strat-
egies which co-exist in China's semiconductor industry, reflecting an unresolved
friction between State and Market. On the cne hand, there is the government’s in-
digenous innovation policy which seeks to correct the failure of the earlier FDI-based
export strategy to develop and enhance absorptive capacity and innovation capabili-
ties of Chinese firms. On the other hand are the “global technology sourcing” strate-
gies of Chinese semiconductor firms which are eager to source core technologies
and capabilities from global industry leaders®,

“Indigenous Innovation”

Indigenous innovation was adopted as a policy in the Medium and Long-term Plan
for Science and Technology Development 2006-2020 (MLPY’, as a domestically con-
trolled alternative for developing core technologies that are {asserted to be) una-
vailable on the international marketplace. It should ke stressed that, “indigenous
innovation” policies do not advocate technological autarchy. Global technology sou-
rcing and the integration of acquired technologies into new technological solutions
are explicitly mentioned in the MLP as types of indigenous innovation.

However, the policy’s main objective is to shift the balance from global technol-
ogy sourcing via FDI to domestic R&D in order to replicate as much as possible the
semiconductor value chain in China. An important abjective is to leverage control of
intellectual property to reduce licensing fees and to extract rent. In the end, the indig-
enous innovation policy seeks to “change the rules of the game to fit China” to break
the technological dominance of the Wast and to strengthen the country's position in
the cybersecurity war®.

25. M P R R ke e s RIA S D [The State Council Notification on the Long-term
Deveiapment Plan for Siralegic Emerging Industries during the 12th Five Year Plan], % (2012) 285, July 7, 2012,

26. As analyzed in Emst, D. and B. Maughton, 2012, Global Technology Sourcing in China's Integrated Circuit Design Industry:
A Conceplual Framework and Prefiminary Findings, East-West Center Working Papers, Economics Series, No. 131,

27. See http://www.Qov Cnfirzg/2006-02/09/content_183787 htrn, and  hitp:/fwww.gov.cn/english/2006-02/09/con-
tent_184426.htm _ For delails, see Ernst. 2011, chapler 2.

28, “We will sirive to catch up with and overlake advanced couniries in ... new-generation mobile communications, in-
tegrated circuits, big data, advanced manufaclring, .., and to guide the development of emerging industnes.” PM
U Keqiang. Government Work Report March 2014 which specifically mentions “integrated circuits™ in the comext of
“using inndvahion (o support and lead econamic structural impravernent and upgrading.”
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The MLP specifically sets as a target the increase in domestic R&D expenditures
relative to expenditure on technology import. which is unlikely to be compatible with
aggressive global technology sourcing. Moreover, the strong stress on indigenous
innovation undeubtedly discourages firms in practice from deep partnership strate-
gies with foreign firms which are leaders in important core technologies. In any case,
the actual outcome, as Figure 1 shows, is that China has dramatically increased do-
mestic outlays for R&D, while expenditures for technology import have grown much
more siowly. Between 2000 and 2010, domestic R&D increased by nearly a factor of
ten (in dollar terms, converted at exchange rates), while technology import expendi-
tures increased by about 40%. China obviously needs to strengthen domestic R&D,
but the current indigenous innovation policy seems to have led to some considerable
over-shooting.

While well-intentioned, the indigenous innovation policy fails to take into account
the dramatic changes in markets and technology that have transformed the semi-
conductor industry, both in the global semiconductor value chain, and with the rise
of private firms in China.

Figure 1.
“Indigencus Innovation” has changed the balance between global sourcing and domestic R&D
Expenditure on Domestic R&ED and Technology Import

120 = - — s

100 +— ———

2000-2010: Domestic R&D increased almost 10x; tech
[ imports incrased 40% ($ converted al exchange rates)

80 +—

60

Strengthen'i'na domestic R&D
is necesary. But maybe there
p is over shooting?

Domestic R&D Expenditure

Billon US Dollar

0 - -

0 -
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Ernst and Naughton 2012, China Stalistical Yearbook 2012

New Opportunities for Global Technology Sourcing

China's semiconductor industry is deeply integrated into the global semiconductor va-
lue chain through markets, FOI and investment. In the demand chain, for instance, end
users, global brand name companies and electronic manufacturing service providers
define performance and cost, while in the supply chain, design tool vendars, design
senvices, materials vendors, equipment vendors and semiconductors producers (in-
cluding foundries) are important sources of technology and capabilities.
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The process of dis-integration started decades ago, as the semiconductor in-
dustry re-organized around sco-called "fabless IC design companies” who sent their
designs to be made into silicon-based products at “pure play foundries” (IC contract
manufacturers)®®. While a few of the largest integrated device manufacturers, such as
Intel and Samsung, continued to combine IC design and manutacture (and thrive),
most firms moved to the disaggregated model. Apart from moving wafer fabrication
to Asia (as discussed before), this dis-integration of the semiconductor value chain
has also ted to the spread of global innovation networks, shifting important segments
of electronics system design and IC design to Asia® (Ernst, 2000),

This massive process of slicing and dicing the global semiconductor value chain
has substantially reduced entry barriers far newcomers like Chinese IC design firms.
Accordingto Dr. Leo Li, the CEQ of China’s leading IC design company Spreadtrum,
"the avaiability of IC design tools, semiconductor fab services, and open-source
smarphane software fAndroid] affows Chinese firms to circumvent their weak spots
and develop their strengths in hardware, IC design, and integration™!

In short, deep integration into the global semiconductor value chain enables
Chinese firms to globally source technology and capabilities on a scale never
thought possible before. In addition, as the glabal semiconductor industry critically
depends on the China's huge and rapidly growing market, this enhances China's
bargaining power in negotiations on global technology sourcing.

Add to this fundamental changes in global end user markets for wireless com-
munication chips which have further transformed the organization of the global semi-
conductor industry, and have opened up new possibilities of an increasingly fine
division of the IC design value chain. One of these possibilities is the much larger
space for Chinese firms to introduce new innovative and disruptive business models
that foster and reward significant innovation in system and IC design In fact, global
value chain integration has enabled Chinese firms to disrupt the existing competitive
order. This happened when MediaTek, a leading chip design company fromTaiwan, a
few years ago offered integrated baseband chip sets to Chinese handset producers
in Shenzhen for low-cost white good counterfeits of branded handsets, the so-called
"Shanzhai" handsets®.

With the introduction of Google’s open-source smart phone operating systems
Android, this disruption is now repeated, in the form of "Shanzhai 2.0" budget
smart phones. This enables Chinese IC design firms to concentrate on hardware

29 For the economies of global vertical disintegration in IC design. see Emnist, 0., 2005, "Complexity and Intermationaliza-
tion of Innovation: Why is Chip Design Moving to Asia?”. infernational Joumal of Innovation Management: and Ernst,
0., 2005, "Limils to Modutarity - Reflections on Recent Developments in Chip Design”, industry and innavatian.

30, Emst, O, 2009, 4 Mew Geography of Knowledge in the Electranics Indusiny? Asia’s Role in Glabal innovation Met-
warks, East-West Center Policy Studies # 54, provides  a detailed analysis of the spread of global corporate net-
works of production and innovation in the electronics industry.

31, Inlerview, June 22 2012

32, Shanzhat (1113 refers to Chinese imilation and pirated brands and goods, particularly for low-cost handsets. Liter-
ally “mountain village" or "mountain stronghold” the term refers to the mountain stockades ol regional warlords or
bandits, kar away trom ofticial contral.
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design first, before developing and catching-up in software design capabilities. At
the same time, the availability of mature and inexpensive chip set solutions pro-
vided by Taiwan's Mediatek has furthered lowered the entry barriers, giving rise to
a renaissance of China's Shanzhai sector, but this time the focus is on incremental
innovations in fow-cost smart phones.

As a result, a local ecosysiem for budget smart phones is emerging that links
IC designers, OEMs and Chinese customers The primary focus is on the China
market, but increasingly other Asian emerging econaomies { like India and Malaysia)
are becoming important targets®,

Today, not only is China the biggest market for mobile handsets, with China
Mobile being the world's biggest carrier by a margin. Since 2011, China has also
emerged as the biggest market for smart phones, ahead of the US, and third gen-
eration {3G) mobile telecommunications is finally taking hold, In addition, massive
investments are underway to accelerate the build-up of China's 4G network infra-
structure. Together, these changes in markets and technology have created new
strategic opportunities for Chinese IC design firms to upgrade their product portfo-
lios, process technologies and business models.

China's indigenous innovation policy is still struggling to adjust to these funda-
mental transformations in technology. as well as in global and domestic markets. In
essence, China's indigencus innavation policy focuses on the challenges (licensing
costs; cyber-gsecurity}, but tends to neglect the vast opportunities that result from
China’s deep integration inte the global semiconductor value chain, in terms of learn-
ing, the development of innovation capabilities and of best-practice management
techniques and institutions.

The View from Industry

As documented in an earlier paper (Ernst and Naughton, 2012) some of the Chi-
nese IC design companies which we interviewed emphasized that the indigenous
innovation policy provides new opportunities (through government progurement and
participation in China's TD-SCDMA standard) to gain market share against establis-
hed global players. However, there also was a palpabie sense of frustration about
certain aspects of the Indigenous Innovation policy which these companies felt were
constraining their efforts to engage in glebal technalogy sourcing.

In fact, many aspects of China's innovation policy collide with the needs of Chi-
nese semiconductor firms. For them, commercial considerations are a primary ¢on-
cern. As late entrants, Chinese semiconductar firms struggle to survive and grow in a
highly competitive global market that keeps changing at lightning speed and where
technology often has unexpected disruptive effects. China's persistent innovation

33. For details, see Part 3.2. of the paper (Demand pull for maobile devices as a catalyst).
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gap n IC fabrication and IC design implies that Chinese firms continue to need ac-
cess to core technologies and capabilities from global Industry leaders. In fact, Prof,
Wei Shaojun, one of the drivers of China's new policy on the Semiconductor industry,
emphasizes that collaboration between US and Chinese semiconductor companies
1s badly needed: "The most advanced technology is in the US, and the most experi-
enced talent is in the US. .. .But Chinese companies are closer to the end customers
and they understand the domestic demands, "

Hence, global technology sourcing across the semiconductor value chain is of
critical importance if Chinese semiconductor firms want to reap the strategic oppor-
tunities that current changes in markets and technology are creating in for instance
in wireless communications.

Of particular concern is that, while strategy and vision are developed by the top
leadership and the central government, implementation is left to the local govern-
ments. Due to misaligned incentives that emphasize GOP growth above evarything
else, local government officials are generally impatient and always expect big break-
throughs immediately after an investment was made. There is often little understand-
ing that it takes time to move from an idea to a competitive product. In addition,
there is a tendency for top-down technology leapfrogging by fiat that neglects the
enormousrisks of ramping-up complex technology systems in record time®. Further-
more, reflecting a lack of transparency and trust, administrators and government
bureaucrats are seeking to design tighter and tighter controls which frequently result
in unrealistic deliverables and project schedules®.

Persistent Friction

However, there are additional reasons for the friction between China's innovation
poticy and the “Global Technology Sourcing” needs of Chinese semiconductor firms.
There is no reason to doubt that China's leaders are firmly committed to indigenous
innovation as the key to removing poverty and to accelerating China's catching up
with the US, EU and Japan. Indigenous innovation is considered essential not only
for moving beyond the precarious export-oriented growth model. At stake really is the
survival of the system.

34 Prof. Wer Shaojun, as quoted in “China Fabless Semiconductor Panel: Don't pack your Bags Just Yet' httpy/icom-
munity. cadence. com/cadence_blogs 8/b/iifarchive/201 4/06/18/china-fabless-semicanductor-panel-don-t-pack-
your-bags-just-yet. Or. Wel, who is Dean of the Microeleciranics Institute at Tsinghua University, and President of the
Chira IC Design Association, has played an active role in dratting China's new |C industry policy.

35. The collision between bwo high-speed traing in Wenzhou on 23 July 2011, the third-deadliest HSR accident in history,
provided an example of the high risks of top-down technology leaplragging. {Rabinaviteh, 5., 2011, "Crash threatens
China’s high-speed ambitions”, Financiat Times, July 24.

36. An irmportant insight of innovation theary is that, in general, catching-up in hi-tech industries like semiconductors
takes time, in order 1o devalop the necessary skills, as well as the critically important intangible knowledge and 2
great vanety of complementary soft innovation capabilities that are necessary to develop a strang abisorplive capac-
ity. See, lor instance, Kirm Linsu, 1997; Ermst, 2002, and Ernst. 2008).
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But the implementation of this strategic vision is hampered by the fragmentation of
China's innovation systern that involves diverse stakeholders with conflicting interests. This
is hardly surprising. Like most latecomers, China's innovation system is constrained by
multiple disconnects between research institutes and universities on the one hand and
inclustry on the other; between 'civilian’ and 'defense’ industries® ; between central govern-
ment and regional governments; and between different models of innovation strategy™.

Other constraining features of China's indigenous inngvation policy include the widely
discussed quality problems in education; plagiansm in science and derivative research;
a privileged treatment of SOEs in public R&D support and procurement that neglects
SMEs; fists of "indigenous innovation” products used for government pracurement focus
on existing technologies and hence stifle innovation; weak complementary capabilitiestfor
instance in the legal; in patent law; and in standardization); and weak coordination of
complex innovation networks.

in the end, it is this friction between the current form of indigenous innovation policy
and the global technology sourcing needs of Chines semiconductors firms which defines
the dual challenge for China's new policy on semiconductors: Is China adequately ac-
counting for the unintended ¢osts of its "indigenaus innovation” policy? And can China
combine the benefits of both innovation strategies — "Indigenous Innovation” and “Glob-
al Technology Sourcing'™?

2. China's New Push in Semiconductors - What do we know about
Objectives, Strategy and Policies?

2.1. Background

it is useful 1o recall that China’s strategy to develop the semiconductor industry has
experienced many changes in a relatively short period of time. Freguent vacillation
between statist and more market-friendly poiicies reflect a tension between two con-
flicting objectives: As a latecomer to this industry, China needs to develop and up-
grade a robust domestic production and innovation system, while at the same time
Chinese firms are eager to reap the benefits of global knowledge sourcing through
deep integration into the industry's global value chain. This unresolved friction bet-
ween State and Market may explain why, despite massive government efforts to build
indigenous innovation and production capabilities, China stitl plays a very limited role
in semiconductor production, IC design, and as an innovator.

37 See for instance Walsh, K., 2011, The Chinese Defense Innavation Systern, presenlation at IGCC Chirese Daferse
Industry Conference, Juné 30-July 1.

38, Crealing university-industry linkages has been the focus of much of Chinese attempts Lo reform itg innovation sys-
tarn More recently, attempts are under way to address the other disconnects, bul 5o far with mixed results. See for
inslance chapter 2 in Ernst, D, 2011, Indigenous innovation and Globialization: The Chaltenge for China's Standard-
ization Strategy, UC Institute on Globat Conflict and Coaperatian: La Jolla, CA and East-West Center, Honolulu, HI
123 pages hitp /fwww. EastWestCenter org/pubs/3904 {Fublished in Chingse at the University af intermational Busi-
ness and Economics Press in Beijing, 11 1 IIM 528kt o0 o 0] A0 e 69 k).
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In fact, until 2000, practically all the semiconductor companies were state-owned
enterprises, foreign direct investment was heavily restricted, and decision-making
was controlled by the Chinese government. In June 2000, the State Council Rule 18
brought an important shift in peiicy, focusing on reducing the role of SOEs, encour-
aging FDI and offering tax incentives®.

Rule 18 expired in December 2010, and was succeeded by State Council Rule 4,
as part of the 12th Five-Year Plan published in February 20114, The new palicies, set
to expire in 2017, signal an important shift from an emphasis on quantitative growth
of production capacity and cutput value growth to a focus on improving R&D capa-
bilities for advanced technology. Rather than pouring funds indiscriminately into the
industry in a "shot-gun” approach, the focus now is on selectively supporting a small
group of semicenductor firms with glotal market share and the capacity for technao-
logical innovation. In contrast to rute Bule 18, Rule 4 places much greater emphasis
on pragmatic cheoices, based on a careful selection of what are key bottlenecks and
what medium-term goals might be achievable with the current set of accumulated
capabilities.

2.2. Objectives

The focus of China's new policy on semiconductors, as codified in the June 2014
Guidelines, is on deeply entrenched weaknesses that the new policy needs to ad-
dress head on:

* A persistent funding gap prevents Chinese IC companies to finance invest-
ment and R&D.

+ Firm-level innovation capabilities remain weak, and the industry continues to
lag far behind the US in its competitiveness and in its capacity to support in-
novation and China's cyber security.

= There is little coordination between different parts of the IC industry value chain
with the result that industry development remains disconnected from market
demand.

» Most importantly, the Guidelines single out the large and growing gap be-
tween semiconductor consumption and production as a critical roadblock to
catching-up and forging ahead in this industry.

For China's leadership, the resultant growing pressure on the trade balance de-
fines an important objective of the new policy for semiconductors - to reduce the
consumption/production gap through selective import substitution. It is reported that

3% Simon, D, 2001, "The Microelectronics Industry Crosses a Critical Thwesheld”, The Ching Business Aewview,
28({B)-pages 8-20.

40. State Counce Document 4 on Issung Several Policies on Further Encowraging the Development of the Software and
Irtegrated Circuit Industries (28 January 2011).
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by 2020, the Government's goal is to push the share of Chinese semiconductor
companies in China's semiconducter consumption up to as close as possible to 50
percent {Jones, 2014),

Such an ambitious target may not be realistic. However, as China's manufac-
turing strategy shifts from exports to the domestic market, China may realistically
expect to reduce the exported value of its electronic systems manufacture. In turn,
this may cpen up at least some cppertunities for recucing the imported content of
its sermiconductor consumption. There is of course no straightforward causal link.
As discussed below in Part Three of the paper, much depends on the reguirements
of the electronics system manufacturers, in terms of performance, price, and tim-
ing. Equally important are the technological and management capabilities of China-
based fabless companies.

To reduce the production/consumption gap through import substitution, the
Guidelines describe fairly concrete targets for 2015, 2020 and 2030. in the fast-mov-
ing semiconductor industry, projections that extend beyond a few years should of
couwrse be treated with a grain of salt. Nevertheless, it is useful to document the ex-
pectations of China's leadership.

For 2015, the focus is on strengthening what could be called the IC design-Found-
ry nexus®'. By ieveraging the demand pull from mobilte devices (especially budgst
smart phones) to strengthen the IC design industry, the goal is to turn IC design into
an engine of growth for China's IC foundry industry. in turn, the target for IC fabrica-
tion is to enable Chinese IC foundry services providers to upgrade from 40nm to 32
nm and 28nm process technology®. For IC assembly,packing and testing (APT), the
2015 target is that at least 30% of APT revenue should come from mid- to high-end
packing and testing technology.

The target for 2020 is to gradually increase China's local value-added and to
upgrade China’'s position in the global semiconductor value chain. In addition, China
should jcin global industry leaders in IC design for mobile devices, cloud comput-
ing, the Internet-of-Everything {loE) and Big Data. Finally, by 2030, Chinese firms are
expected to compete with global industry leaders across key sector of the IC industry
supply chain and create disruptive technological breakthroughs.

2.3. Strategy

China’s new Strategy to Promote IC industry Development has both a defensive and
a more assertive and self-confident element.

41, See delailed discussion below in Part Three of the paper.

42 & zingle nanometer (nmy 15 one million times smaller than a millimeter. Sincea intagrated cireuils, such as computer
processors, conlain micioscopic components, nanometers are useful for measuring their size. In fact. different eras
ol processors are defined in nanometers, in which the number defines the distance between transistors and other
components within the CPU. The smaller the number, the more transistors that can be placed within the same area,
allowing for faster, more efficient processor designs. (hHpfwww techterms cormfdefinition/nanometer )
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The Defensive View

The defensive view holds that China needs to respond to a combination of persistent
domestic weaknesses and new threats to China's security and international compe-
titiveness resulting from global transformations®.

MIIT for instance emphasizes that, despite rapid growth, Chinese [C companies
generate low profit margins, and hence have limited means to finance investment.
SMIC is mentioned as an example of this financial bottleneck: "In 2013, SMIC real-
ized a record profit of about $ 170 m, but it needs te invest around $ 5bn to produce
a month (50.000) of its 12 inch 28nm chips. TSMC, on the other hand, realized a net
profit of $ 6.2bn, which allowed it to cover its investments for more than six monthsg "

An equally important concern is that China’s IC fabrication technology “remains
two generations behind global leaders, and we are still dependent on imported equip-
ment and materials.” (ibid.) As documented earlier in this paper, Chinese foundries
do indeed lack considerably behind in process technology and water size, and they
have a long way to go to improve their absorptive capacity and process innovation
capabilities. And most Chinese IC design firms are too small to invest in sophisti-
cated design capabilities.

China's new policy on semiconductors seeks to break this vicious cycle, where
weak IC design capabilities feed nto weak IC fabrication capabiliies. According to
Tsinghua University's Wei Shaojun, Chinese IC design houses must upgrade in order
fo secure access to limited foundry capacity. It is worthwhile quoting Dr. Wei's blunt
statement: As chip production becomes increasingly sophisticated and expensive,
the number of customers dedicated chip contractors can fully support will become in-
creasingly fimited, giving contral of production capacity added importance. .. Capacity
is king...fin the global foundry industryj... If Chinese chip designers cannot squeeze
into the global top 10, they will have trouble securing capacily. ... This predicament is of
even greater concern to Chinese authorities than the high value of IC imports. ™

Of particular concern for China's leadership is the persistent innovation gap in ad-
vanced semiconductors relative to the US, described earlier in this paper. According
to MIIT, China continues to remain focused on its rale as the "Global Electranics Fac-
tory", while remaining weak in high-value added activities in IC fabrication, IC design
and software. An equally disturbing domestic weakness is the disconnect between
IC design and domestic electronics manufacturing. In terms of policy implementa-
tion, MIIT highlights the deeply enitrenched inter-agency rivalries which give rise to a
lack of coordination among different stakeholders in China's semiconductor industry.

43, See MIIT Vice-Minister YANG Xueshan, keynote speech at the third Science and Technology Cormmillee
Annual Meeting in Beiiing. August 19, 2014, http:/ fwew miit gov.on/n ) 1283472/n 1 1 293832/0 11 293907 7
n11368223/16113093 .ntel . See also USNG, 2014, China IC Industy Suppon Guidelings — Surnmary and Analysis,
September 1, Beijing.

44. USITO. 2014, Inlerview wilh, Miao Wei. MIT, Girector of Deparimenl of Informatization, on \he background, signifi-
cance and key ponts from the “Guidelines” June 25.p 3.

45, Wei Shaojun, quoted n'Wang, Hsiao-Wen, 2014, "China's Sermiconductor Grab - TSMC, MediaTek in the Bult's Eye”,
CommonWealth Magazine, 21 August 2014, hiip:/fenglish cw.com w/article. do?action = showg&id= 14830
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Global transformations, from the perspective of China's government, create
competitive pressure for China, but they also provide opportunities. in response to
the Global Recession, developed countries have accelerated their structural adjust-
ments, focusing on policies to enhance their international competitiveness. They all
seek to expand exports, especially for high-value-added high-tech industries.

In the view of China's leadership, the U.S. now has shifted to more aggressive
industrial, innovation and trade policies to retain its leadership in the semiconductor
industry, which is considered to be one of the main drivers of economic growth.

Chinese technology planners have studied the global ICT industry enough 1o
conclude that this is an industry in transition, if not in turmaoil. They observe that, both
for IC design and process technology, limitations to the existing technolegy trajec-
tory are increasing. Traditionally, R&D in the semiconductor industry was based on
Moore's Law, i.e. the observation that the number of transistors on a given chip can
be doubled every two years®, and that the resultant *.. .ja]dvances in semiconductor
technology have driven down the constant-quality prices of MPUs and other chips at
a rapid rate over the past several decades "' Chinese planners realize that today this
traditional approach to semiconductor R&D may no longer work - chips may still be
getting smaller and faster, but further miniaturization ne longer necessarily involves
them getting cheaper*.

At the same time, China's new push in semiconductors realizes that potentially
disruptive new technologies transform the parameters of semiconductor demand
and supply. Examples mentioned by MIIT include Cloud Computing, the Industrial
Internet, and the Internet-of-Everything. China’s IC strategy assumes that these in-
ternet-based networking technologies require complex mulli-component semicon-
ductors (MCOs} in arder 1o integrate systems on chips which consume littte energy
and which protect against cyber-attacks. China’s leadership considers the design
and fabrication of these MCOs as an essential prerequisite for forging ahead in the
semiconductor industry.

In addition, Chinese technology planners realize that new materials, nanotech-
nologies and 30 printing will further disrupt existing technology roadmaps. In some
sectors of the semiconductor industry value chain, such radical changes in technol-
ogy are expected to foster the emergence of global coligopolies where a handful of
technology leaders control profits and sales, raising the barriers to entry for late-
comers like China. Today, for instance, the Big Three in semiconductor fabrication

44, Moore, Gordon E. {1965).  “Cramming more componenis onto integraled cicuits”  [FOF). Blectronics
Magazine. p. 4. http:/ fwww.cs utexas.edu/~fussell/ courses/cs352h/papers/moore.pdf

47, Byme, Dawd M., Oliner, Stephen D.; Sichel, Daniel E. (2013-03). "Is the Inloermation Technology Revolution Over?”,
Firrance and Econores Discussion Sefies Divisions of Research & Slatisiics and Monelary Affalrs Federal Reserve
Board Washingtor, D.C.: Federal Reserve Board Finance and Economics Discussion Series (FEDS), hip: /i
lederalreserve. gov/pubs/feds/2013/201336/201336pap.pd!

48 "Chip-makers are betling thal Moore's Law won't matler in the inlernel ol things”, June 10, 2014, hitp:.//
gz .comy218514/chip-makers-are-betting - that-moores-law-wont-matter-in-the-imernet-of-things/
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(Intel, Samsung and TSMC) accourt for around 60% of global capital expenditures
for semiconductor facilities, and only these three firms have what it takes to build the
next-generation facilities that can praduce 450mm wafers with leading-edge process
technologies (20nm and below)*.

The assertive view

In other sectors, however, Chinese technology planners expect that disruptive chan-
ges in technology may weaken existing global cligopolies. In the IT industry, this was
the case when the spread of maobiie Internet-related devices eroded the erstwhile
seemingly incontestable leadership positions of Intel and Microsoft in PCs.

in the assertive view, giobal transformations in markets and technology like the
ones discussed before, open up new opportunities for China to forge ahead in semi-
conductors, while domestic weaknesses call out for and provoke new policies to
reduce or at least mitigate these weaknesses.

As for China's persistent domestic weaknesses, MHT asserts that a BIG Push
policy response is required te strengthen the “weak parts of China’s supply chain."*
The Big Push approach (*Make a firm decision andt push forward™) constitutes a
remarkable departure from the traditional focus of China's leadership on incremental
policies?'. Even more remarkable is that the Big Push approach is combined with a
commitment to “the decisive role of the market in allocating resources” (p.4) . In a
way, it seems that the semiconductor industry is used as an early trial case where the
government can see how policies that rely on the "decisive” role of the market might
work in practice.

According to MIIT's Miao Wei, in China's new semiconductor strategy, “ . [c]
ompanies take the lead, with market orientation. ...Let the market determine the de-
velopment of products, the technological path, and allow the market to unleash the
vitality and innovative capacily of industry.... Make better use of the government to
create and enwironment for fair market competition, and strengthen and improve
public service."s? Specifically, mergers and acquisitions (M&A), both among Chinese
companies and with global industry leaders, are now considered to be an important

49, G Dan Hutcheson, VLS| Research, quoted on 450mim waler transition, m lzumiya, W., 2014, "450mm wafer lransiion
won't happen till 2020 at the garhest”, The Semiconduccior industry News, June 5, hitps /fwww.semiconportal com/
en/archive/news/news-by-sin/140605-sin-Zumiya-may-visi htmi

50. USITQ, 2014, Interview with, Miao Wei. MIIT, Director of Department of Informatization. on the background. signifi-
cance and key pointg from the "Guidebnes” June 25:p.3.

51 The established view is that, in the words of a senior banker at HSBC, " [i]he Chinese authonbies don’| ke Ihe
‘big bang’ approach. That's why they test somelhing — and it il works — hey do more of it ™ (Justin Chan, co-head
of markels tor Asia-Pacific at HSBC, quoted in Noble, J . 2014, "Grand global ambitions lor currericy sow domestic
risks™. FT Special Report The Future of the Renminbi, Septermnber 30 page 2))

52 USITS, 2014, Intervew with, Mizo Wei, MIT, Director of Cepartrent of Informalization, on the background, signifi-
cance arl key poinis Irom the "Guidelnes” Juns 25:p 4
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short-cut to strengthen financiai resources, as well as management and technologi-
cal capabilities.

As for global transformations in semiconductor markets and technology, there is
a new confidence on the Chinese side that China now has a strong hand to play in
international competition. Specifically, Chinese decision-makers in government and
industry seem to focus their attention on global transformations in semiconductor
markets and technology which provide a demand pull from mobile devices, and a
window of opportunity for China's catching-up and forging ahead in trailing-node
integrated circuit process technologies (28nm and above)*,

These global transformations might indeed provide new opportunities for China
1o move from catching-up to forging ahead in the semiconductor industry. But as
discussed in Part Three, China would need to move tawards a bottom-up, market-led
approach to “industrial policy”, in order {0 seize these opportunities.

2.4. Implementation - What is different about the new policies?

Before however, it is necessary to take a closer look at the policies that the Go-
vernment has introduced to implement the new strategy on the semiconductor
industry. In reviewing these policies, it is useful to ask: Is China’s government
adjusting its support poiicies for semiconductors, drawing on multi-layered in-
dustrial dialogues with private firms, both domestic and foreign? Or will policies
again rely heavily on control and micro-managing investment decisions, and thus
possibly waste the oppoertunities provided by global transformations in markets
and technotogy?

Efforts to implement China’s new semiconductor industry strategy gathered
strength through support from Yu Zhengsheng, a prominent member of the cur-
rent Standing Committee and a former Party Secretary of Shanghai®. Yu has long
been involved in the development of China's electronics industry®™. Yu nominated
Vice Premier Ma Kai (who was chairman of NDRC from 2003 to 2008) to head
China's new policies on IC industry development,

Tax breaks and subsidies continue to play a role. In addition to keeping the
tax breaks menticned in the State Council Document 4 (2011) dacument for IC
design houses and foundries, the tax benefits have now been expanded to semi-

53, For details. see Part Three of this paper.

54, httpi/fen.wikipedia.orgiwikiYu_Zhengsheng

55. WU started working 4z a technician in several radio factories in Hebel Province (1368-1975) before he joined the
Research Institute Jor the Prometion and Application of Electronic Technalogy under tha Faurth Ministry of Machine-
Building industry, where he served as a lechnician, engineer and assistant chief engineer {1975- 1982). He was
promoted to deputy director in 1882, after which he was transterred to the Ministry of Electronics industry (MEF)
where he served as head of the Departrment of Microcamputer Management, and |ater the ME| deputy director of
planning (1982-84) Today, he is 4 strong promoter of China's IC industry's development.
hitp e brookings edu/about/centers/chinadtop-future-leaders/yu_zhengsheng.
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conductor testing firms. This means testing firms now also enjoy savings on cor-
porate income, value-added, and operation taxes.

In addition, the government seeks to create new mechanisms to improve the
efficiency of Government financial support instruments, especially through the
Ex-Im Bank and the China Development Bank. A particular emphasis is placed
on debt-financing tools, to be issued especially for SMEs. Priorities include com-
panies seeking to go public;, R&D tax credits; and the improvement of loan insur-
ance and credit insurance tools. In addition, the Guidelines emphasize efforts to
strengthen tax support policies and use Import Tax exemptions for critical equip-
ment, components and materials that are needed for strengthening China's IC
industrye,

Overall however, the government is playing down the role of tax breaks and
subsidies in the initiative, as those policies are easily attacked by foreign govern-
ments as violating World Trade Organization (WTO) anti-subsidy agreements.

Instead, the government emphasizes the central role to be played by two new
policy initiatives®’:

* An IC Industry Support Small Leading Group, chaired by Vice Premier Ma Kai,

for ministerial coordination of high-level national strategies

+ To improve investment allocation, a set of "market-driven” regional and na-

tional IC Industry Equity Investment Funds are created "with limited govern-
ment intervention®.

To support these two key policies, the Government (through NDRC) pursues a
much more active anti-monopoly policy to reduce market abuse by IT companies.
It such anti-monopoly policies are well designed, they could enhance the impact
of the above two policies to upgrade China's semiconductor industry. Among U.S.
IT companies, prominent examples include the pressure on Qualcomm to reduce
ticensing fees, and investigations of business practices of Google, Apple, Microsoft,
Cisco and IBM. In Qualcomm’s case, NDRC is expected charge a $ 1.2bn fee for us-
ing its dominant position as a supplier of critical MCOs to overcharge licensing fees
for Chinese smart phone manufacturers. According to Scott Kennedy, director of the
Research Center for Chinese Politics and Business at Indiana University,

[tihe Chinese government has credibility to pick on Qualcomm because of
investigations into the company in other countries. ...But it also definitely fits their

56. It implemented. these policies are of quite some interest to current negotiations to expand the Information Techinol-
ogy Agreernent (ITA). For instance, suppose China can use selective import tax exemption, what does ihis imply
far China’s interest in ITA-2? Can import 1ax exemptions provide access 1o lowercost critical inputs, so that import
reductions via ITA-2 would be unnecessary?

57. The following guates are from USITO s unauthorized  translation of the “Guidelines to Promaole National Integrated
Circut industry Developmeant”.
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industrial policy goals if they can squesze in lower licensing fees or other technology-
sharing arrangements."* |t now looks like Qualcomm will admit gullt and pay cash®.

NDRC's anti-monopoly policy is controversial — Multinational executives and in-
dustry associations believe the NDRG is deliberately targeting foreign companies. In
fact, data compiled by the Financial Times show that foreign companies or their joint
ventures have paid almost 80% of the Rmb3bn ($490m) in anti-manopaly penalties
handed down by the NDRC since 2011, However, half of those Rmb 2.4bn in fines
for foreign companies was assessed against 10 Japanese auto parts makers who
admitted in August 2014 to price collusion. In addition, NDRC argues that its price
supervision and anti-monopoely bureau is too inexpenenced and understaffed, to or-
ganize a conspiracy against foreign companies, although they are now recruiting
new staff.

At the same time, there are efforts to strengthen the role of trade diplomacy, as a
necessary complement of the above industrial support policies for the semiconduc-
tor industry, During the current round of negotiations to expand the product list of the
Information Technology Agreement (the so-called ITA-2), China seems to have experi-
mented {apparently quite successfully) with a combination of delay tactics and a slowly
evolving and still precarious strategy of co-shaping the design of an expanded [TA%.

The IC Industry Support Small Leading Group

On November 29th, 2013, China's Semiconductor Industry Association announced
that China's State Council was to establish an IC Industry Support Small Leading
Group®'. An important objective of the Leading Group is to reduce inter-agency rival-
ries in order to improve strategy coordination and to mobilize and consolidate resou-
rees. A Consulting Commission that reports to the Leading Group acts as a Think
Tank to assess policy measures, and o suggest solutions and adjustments in poli-
cies. An important objective is to speed up government response time and o impro-
ve the capacity for flexible response, by navigating around entrenched bureaucratic
hurdles and rigid regulations. An additional function of the Leading Group seems to
be to mobilize and consolidate public and private resources through Public-Private
Partnerships.

58 Mozur, P, 2014, "Using Cash and Pressure, China Builds its Chig Industry™. The New York Tirmes, October 26

5% Chang, G.G., 2014, "Qualcomm In Quicksand, Its China Problem Not Fixabile”, July 27, hittp:fiwww forbes com/sites/
pordonchang/201 4/07/27 /qualcommein-quicksancd-its-china-prabler-not-lixable/ . The article quotes the following
staternent of Qualcomm's CEO: "We just beteve whatever the resolution may be, will likely include same form ol
payrment.”

B0. See detailed analysis of China's approach o current ITA-2 negotiations. in Emist, D, 2014, The information Tech-
nology Agreement, Industrial Development and frnovation - india’s and China's Diverse Experiences, Think Piece
prepared for the £15 Expen Group on Trade and innovation and the Intemational Center for Trade and Sustainable
Davelopmernt (ICTSOY, Geneva, hitp:f/e15initiative. crgfwp-cantent/uptoads/201 4/03/0ieter-Ernst pdf

E1. htip/fwww.csia net.cn/article/’Showlnfo asp?IinfolD = 38730 and
http: /A csianet.cn/Anicle/3howlinfo.asp?infolD=3878% .
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Leading Groups have a long tradition in China as a sort of ubiquitous tool fo act against
or mitigate the silos within the government that bedevil the implementation of strategies
laid out by the leadership. To bypass bureaucratic inertia and inter-agency rivais, the State
Council occasionally establishes such “leading groups” of high level officials to improve
coordination across China’'s many ministries and other government organizations®.

Inthe IT sector, various Leading Groups have been established since the 1980s to
issue key strategies and guidelines for the electronics industry®®. Today's IC Industry
Support Small Leading Group however differs substantially in terms of organization
and governance. An impaortant main difference is the direct involvement of China's
top leadership. Vice Premier Ma Kai acts as chair, and prominent local government
leaders, like Beijing Vice-Mayor Zhang Gong, play an active role. Participants include
key players from four powerful ministries (MIT, MoST, MoF, NDRC), top industry lead-
ers, and senior academics with an estabhshed research and patenting record.

In addition, it seems that the expertise of participants both from industry and re-
search institutes has substantially improved. It is now more common to have experts
who have studied and worked abroad and are internationally well connected. Take
the example of Dr. Wei Shaojun, who played an active role in drafting China's new IC
industry policy. As Dean of the Microelectronics Institute at Tsinghua University, and
President of the China IC Design Association, Dr. Wei is well-connected within Leader-
ship circles. Dr. Wei studied and worked in Belgium, and is internationaily well con-
nected and respected, as a frequent speaker at the Global Semiconductor Alliance
(GSA), and as a key Chinese delegate to the World Semiconductor Council. Chinese
experts like Dr. Wei know the international scene well, are familiar with the intricacies of
the global semiconductor industry value chain, and thus have a better understanding
of what policies might work in this knowledge-intensive and highly globalized industry.

In short, while the institution of a Leading Group is nothing new for China, it nev-
ertheless seems that new wine is now being filled into these old bottles.

Regional and National IC Industry Equity Investment Funds

Arguably the most interesting new policy initiative is the announcement by MIT and
NDRC to establish a National IC Industry Equity Investment Fund, endowed with

€2, Leadng groups have been exlensively used since Ihe early 1980s to fosier Ihe relorm of China’s Science and Tech-
nology syslem, see Saich, Tony, "Reform of China’s Science and Technology Organzational System.” Science and
Technofogy 1 Post-Mao China. Ed. B F Simon and M. Goldrman. Council on East Asian Studies, Harvard University,
1989, 59-88.

63. I 1982, the State Council funded a permanen! Leading Group called the “Leading Group lor Elecbionics, Comput-
ers, and Large-Scale Integrated Circuits” in 1984, the group's name was changed 1o the "State Council Leading
Group for the Revitalizahon of Elecironics [Industry)”. The lellowing year, the Leading Group published a document
called "The Strategy for the Development of China's Electronics and Intormation Indusines” which laid out strale-
mes lor the 7th live year plan. For delails, see Simon, B, 1988, Technological Innavation in China: The Case of the
Shanghar Sermiconducior Indusiry. Massachugetts. Ballinger Pubhshing.
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RMB 120bn ($ 19.5bn) over a three to five-year period, to be complemented by a
series of Regional IC Industry Equity Investment Funds.

Table 2 provides information on the structure and the investors of the initial Na-
tional Fund. It is noteworthy that so-called “Societal Funds”, i.e. private equity invest-
ment funds, are responsible for 36% of the National Fund.

Table 2.
Initial National Found: RMB 120 bn ($19.5 bn) / 3-5 years - Structure & investors

}nv;stor Amount (AMBbA/%share)

MoF [ 38 [0

China Davetoment Bank e

‘Beinjing £-Town Capital & minucipal goverment s

:5_oc‘|etal funds (non governmental) : [ils ]

Wuhan, Shangai, Shenzhen to follow the Beijing Found modet
USITO 2014, quoting data from E-lown Capita web silte

Potentially, the idea behind the IC Industry Equity Investment Fund could signal
an important break with previous policies. According to an industry observer who
has requested anonymity, "this is the first time that the Chinese has set up a fund
jointly with public investors and asked professional fund management companies
to raise, invest and manage the funds, in ccntrast to direct subsidy or investment
in selected projects or companies.” Under the new approach, the investment fund
will take stakes in companies proportionate to the amount invested, and the fund
manager will insist on a rate of return. The ultimate goal is to leverage the owner-
ship structure to change corporate and industry structures.

However, at this stage, these are declarations of intent, and it may be advisabie
to take such claims with a grain of salt. One might wonder for instance to what
degree the decision to establish an Investment Equity Fund is primarily motivated
by an attempt to avoid being accused of viciating WTO anti-subsidy agreements.
Whether the establishment of an IC Industry Equity Investment Fund signals a more
professional approach to overcome the critical bottleneck of insufficient long-term
investment funds depends to a large degree on the selection of the fund managers
and the discretion they will have in allocating funds.

Publicly available knowledge on these questions is limited. We know that the
primary purpose of the National Fund is to mobiiize private and public funding
sources to reduce the investment bottleneck faced by domestic semiconductor
firms. According to the Guidelines, the Fund covers the whole industry value chain
{(design, manufacturing, R&D, plus commercialization and knowledge-intensive
support services). The Fund also is supposed to play a catalytic role in promaoting
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industry consalidation, through M&A among domestic firms and the acquisition of
foreign firms which control important technologies or markets.

As for Regional Funds, some information is now in the public domain on the
Beijing IC Industry Equity Investment Fund. According to USITO, more regional
iIC Industry support plans have aiso been released over the summer of 2014, for
instance for Anhui Province, Suzhou, Hefei city government, Sichuan province, and
Gansu Province. However, none of these announcements provide details on the
selection of fund managers and their degree of decision autonomy on allocating
funds.

The Beijing IC Industry Equity Investment Fund

A closer logk at the Beijing IC Industry Equity Investment Fund finds that two fund
managers have been selected thus far:

* The main fund and the sub fund #1 for equipment and manufacturing is to be
managed by China Grand Prosperity Investment (CGP);

+ As for the sub fund for IC Design, Packaging and Testing, Beijing Qingxin
Huachuang Investment Management Ltd. was initially selected as fund
manager®. However, inJune 201 4 it was reported that Hua Capital Management
Ltd (HCM), a Chinese investment management company, was chosen to
manage the chip design and testing fund under the Beijing government's 30
billion-yuan (HK$37 .8 billion) Semiconductor Industry Development Fund®® s,

While CGP is headquartered in Hong Kong, it is definitely not a global player®”. But,
according to CGP’s Chinese web site, they have a long history of managing investment
funds in China%. Cheng Hairong, the chairman of CGP has over 20 years of experience
as an executive director and consuitant in establishing and managing listed compa-
nies in Hong Kong. Mr. Cheng has knowledge in China finance and investments in life
sciences, biotech, energy saving, tourism, trading and finance sectors®.

64. hitp//usito.org/news/beijing-picks-investrment-firms-manage-beijing-ic-support-fund

65 “Hua Capiial hires Bank of America for OmniVision deal”, South Ching Morning Post, September 19, 2014, tiip://
Www.SCMp . com/business/companies/adicle/ 1595559/hua-capital-hires-bank-america-omnivision-deal

66. There is no information avalable in the public domain on what role (il any} Beijing Qingxin Huachuang Investment
Managerment Ltd. is supposed to play.

87, Anintormal inquiry, conduclad by the author in spring 2014 armong fund managers in a leading global bank, showed
that none of the interviewses knew CGF

68.  hitp://www.prosperityinvestment hik/index php?lang=tc

69. CGP's business philosophy ts summed up in the following statemenl of its chairman: “Foffowing the economic
recovery of the United States of America, it starfed to reduce the scale of debt purchase i 2014 which allected the
international fund fiow. This may fead to the withdrawal of fund from various couniries including Chine and Hong Kong
which in tum causes the instability of the stock market and the economy of these countries. However, this "tight fund-
ing" situation may be an opportunity for the Group to identify polential invesiment al a lower investment cost, All in afl,
we wilf continue our investments in both China and Hong Kong with caution. * Message from the Chairman of CGP
Annual repor 2013, hilp:/iwww prosperityinvesiment hkvwviuploads/201 404 TN201404161316_pdf
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CGP seems to have learnt how to walk the fine line between adapting 1o the
requirements of the government, while at the same time making sure that the fund
produces enough profits. On the one hand, one could argue that this type of Chi-
nese fund manager just fits nicely with the implementation requirernents set by the
government. In short, while elements of the market are now introduced, at the same
time the government can continue to exercise control. An industry observer who re-
quested anonymity provided a telling example of this hybrid model of Chinese-style
fund management. In a meeting with the Beijing Municipal Government, partners
of the CGP (China Grand Prosperity Investment Limited Holding Co) fund manager
were present, and disptayed a “highly deferential behavior” vis-a-vis the government
representatives.

Initially, the Beijing subfund for IC Design, Packaging and Testing was supposed
to be managed by Beijing Qingxin Huachuang Investment Management Ltd™. But
very hittle is known about this fund, and a web search did not produce a company
web site.

In June 2014, it was reported that Hua Capital Management Ltd (HCM) would take
over the management of the Beijing subfund for IC Design, Packaging and Testing.
Hua Capital Management Ltd (HCM) is a private equity firm specializing in buyouts,
based in Beijing. Funds managed by HCM include the Shanghai Pudong Science
and Technology Investment Co. Ltd, a wholly state-cwned limited liability company,
established directly under the Pudong New Area government of Shanghai™.

According to industry observers, the real driving force behind HCM is Chen Da-
tong, who is HCM's chairman as well as Co-Founder and Managing Partner of West-
Summit Capital, a teading China-based global growth equity firm focused on helping
high growth technology companies access the China market™. Another major ptayer
is Liu Yue, the deputy chairwoman of HCM, who also has a wealth of experience
in China's IC industry. Of particular interest is her role as an early investor in SMIC
through Walden Capital, and her continuous involvement with SMIC.

HCM's President, Xisheng (Steven) Zhang, started in 1994 cut as a postdoc re-
searcher at UC Berkeley, and then worked in senior management positions in Agilent
and Silicon Valley start-up IC design companies, before joining Beijing-based private
equity investment company West Summit Capital Management in 2013. Mr. Zbang

70. hitp fusilo.org/news/berjing-picks-invesiment-firms-manage-beiling-ic-support-lund

71. As discussed below, Hua Capital Managemeni Ltd {HCM) is also managing China's acquisiion of the US IC design
company Omnivision

72 Ctien Datong goi his BS, MS, PhD from Tainghua University, and worked as a Post-Ooctoral research fellow ar
Stanford University Dr. Chen has more than 20 years of irvestment and operalions experience in the lechnology
and gerniconductor industry.and he owns 34 US and European patents. Prior 1o WestSummit, Datong was a Venture
Partner al Northern Lighl Venture Capilal, a leading lachnoloogy VC fund, where he lzd investments in the sermicon-
ductor indusiry Datong was the Co-Founder and CTC of Spreadirum Communications, and hence has deep insider
knowledge of ihal company. Prior to Spreadirum, Dr. Chen was the Co-Founder and Senior YP 1or Omnivision, agan
providing him with insider knowledge for the acaquition of that company. discugsed below. Dalong serves oo Lhe
Board of Directors for two other importard Chinese IC design companies, GigaDevice and VeriSilicon.
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has over 20 years industry experience in Semiconductors and EDA, and in managing
start-up companies in Silicon Valley and in Beijing.

Based on this information, it is possible to conciude that HCM qualifies as a pro-
fessional fund manager with considerabie knowledge of key aspects of the semicon-
ductor industry value chain, especially related to IC design. In the view of USITO, the
use of professional investment fund managers, as opposed to government subsidies
or investment, "suggest a new approach to industrial policy that focuses on building
a strong and sustainable investment environment in China,”” But a final assess-
ment has to wait until more information is available on how funds will ultimately be
deployed.

For instance, while selecting private fund managers might seem to indicate a
stronger role for the market, this may actually not be the case if the selected com-
pany {i.e. CGP) owes its selection to its close personal connections to the leadership.
It is important to establish who makes the key decisions on the aliocation of funds,
bureaucrats or technocrats with deep industry knowledge.

Another unresolved question is whether the availability of IC Industry equity funds
will again lead to a competitive race that pits Beijing against Shanghai, Shenzhen etc,
with the result of duplicative investments that witl end up giving rise to overcapacity.
Furthermore, are there signs that policy decisions are less constrained by elaborate
priority lists of “indigenous innovation” products and technologies? If these lists were
still important, this would indicate that nothing much has changed.

In any case, the establishment of the Semiconductor Equity Investment Fund
does not necassarily imply that China is converging to a US-style market driven poli-
cy approach. More likely is the development of a hybrid model that seeks to combine
the logic of equity investment fund management with the objectives of China’s IC
development strategy.

3. China’'s Semiconductor Industry Upgrading Scenario - Economic
Reasons for a Bottom-Up, market-led “Industrial Policy”

3.1. Perceived Opportunities™

China's leadership is very conscious that the US is way ahead in advanced semi-
conductors and that China has a long way to go to close this gap. At the same time
however, the policy documents which define China's new push in semiconductors,
also convey a new sense of optimism. Global transformations in semiconductor mar-
kets and technology are no longer only perceived as threats. In fact, China’s techno-
logy planners now seek to identify upgrading scenarios for China's semiconductor
industry that could benefit from those global transfermations.

73, USITO, 2014, China IC Indusiry Support Gudefines - Summary and Analysis, 1 September: p.&
74. The following analysis is based on interviews with cbservers and insiders of China's semiconductor ndustry, Where
publicly available, key policy docurnents have been consulted which shape China's new push in semiconductors
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Specifically, their attention seems to focus on four global transformations, which
are expected to create new opportunities for China to move from catching-up to
forging-ahead in semiconductors: a} the demand pull from mobile devices; b} new
opportunities for China's foundries in trailing-node semiconductor technologies; )
changes in the IC foundry industry landscape; and) a new interest in strategic part-
nerships and mergers and acquisitions (M&A4).

The folliowing analysis will examine the economic rationale behind each of these
four perceived opportunities and what factors might determine China's chances of
success. While the opportunities are real, they alt involve considerabte uncertainty.
An important finding is the precaricus nature of these oppottunities. In other words,
basic parameters that determine how China will fare may change at short notice and
in unpredictable ways. This implies that flexible policy implementation is required to
cope with such uncertainty. if China wants to exploit the above opportunities, it needs
to move towards a bottom-up, market-led approach to “industrial policy “guided by
the principle of “smart specialization”.

3.2. Demand puil for mobile devices as a catalyst for IC design

Chinese decision-makers, both in government and industry, are convinced that, for
mobile devices, China is now becoming a lead market, and hence can shape de-
mand and technology trajectories. It is expected that the demand-puill from mobile
devices will catalyze an upgrading of China’s fabless IC design industry. Chinese IC
foundries in turn may be more motivated to invest in capacity expansion and tech-
nology upgrading, once demand from local chip design houses increases. Quoting
again MIIT's Miao Wei, China's market for mobile devices and for a wide variety of IT
equipment is booming and hence should provide “favorable conditions for China to
leapfrog ahead of others”™ As demand for low-end budget smart phones is driving
volume growth, it is expected that China can leapfrog into emerging markets for sub-
$50 smart phones.

Today, China has four times as many mobile handset subscribers as in the US
(almost 1.3bn compared to 327.6m)’. China now is the world's largest smart phone
market with almost 700m smartphone connections, surpassing the US (197m), Brazil
(142m), India {111m}, and Indonesia (95m)"". Low-cost smartphones designed in Chi-
na are flooding the market - Android phones designed in China now represent more

75. USITO 2014 interview with Miao Wei: p.3.

76, China data are for December 20, 2013, hitp://www.reuters com/article/2013/12/20/china-mobilesubscribers-idUSL:
ANQJS1ZN20131220 | while US data are from "LLS, Wireless Quick Facts”. hitp /fwww.clia. orgfyour-wireless-life/
how-wireless-works/wireless -quick-facts .

77. GSMA, 2014, Smarphone forecasts and assumptions, 2007-2020, hitp /iwww.gsma com/newsroom/smanphones-
account-two-thirds-worlds-mabile-market-2020/
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than 50 percent of the global market™. In 2015, Chinese original-equipment manufac-
turers (OEMs) are expected to design more than half of the world’'s phones™.

Data from the first half of 2014 indicates that smartphone shipments in China will
exceed 400 million units in 2014, accounting for 93 percent of total mobile phone
shipments in that market®. China now is the ulttimate prize for global smartphone
vendors. In the first quarter of 2014, China contributed 15.8% of Apple's total rev-
enues, due primarily to sales of iPhone devices in China. Mast recently, in the second
guarter of 2014, China accounted for 37% of global smart phone shipments - some
108.5 million units®!.

Since 2008, the global market share of mobile phones produced in China has
almost doubled from 44% to 81% in 2013%. In addiion, China i now in & position
to co-shape international mobile telecom standards. Both TD-SCDMA and TD-LTE
standards have fostered the development of technical capabilities of IC design com-
panies based in Greater China (Taiwan's MediaTek, and China's Spreadtrurn and
RDA)®, Global industry leaders {Qualcomm, Nvidia, Marvell, and Intel} are latecom-
ers to China's TD mobile telecom standards, and they are constrained by high fixed
costs. But they have other huge advantages, such as supenor technology and sys-
tern integration capacity, and deep pockets due to the high licensing fees they can
charge for their technology.

Figure 2. shows that, in the first quarnter of 2014, Chinese vendors accounted for
a 50% share of the China market.

78. Data are from e Canalysis Counlry Markel Tracker, October 2014, httor/fwaww.canalys. com/what-we-do/country-
market-lrackers . Examples include Chinese budget smart phones designed by Lenavo, Huawei, ZTE. and Xiaami.

79. Mansfield, §, 2014, "Chinese phone manufacturers expectad 10 take half the market in 2015, Celfular NMews, March
10, , cellular-news. com. The 1erm original-equipment manufacturer (OEM }is used here 1o refer to the company that
acquires a product or componert and reuses or incorporates it inte a new product with its own Brand name. Far
details, see Ermst, D, 2004, "Globat Production Networks in East Asia's Electronics Indusiry and Upgrading Perspec-
fwes in Malaysia™, in Shahid Yusuf, M. Amum Altaf and Kaory Mabeshima {(eds.), Gfobaf Production Netwaorking andg
Technological Change in East Asia, The World Bank and Oxlord University Press, 2004,

80, Goldstein, P, 2014, "Gartner. CCS Insight: Smartphone growth in 2014 will be fusled by law-cost modets”, bitp:/aww
fiercewireless com/stony/gamner-cos-insight-smanphone-growth-20 1 d-witl-be-fuelad- low-cost-rmodels/2014-10-15

B1. Canalysiz, 2014, "X@omi becomes China's top smart phene vendor”, 4 August Bip:/fwww candlys com/newsraam,
xiaormi-becomes-china®%E2%80%99s-1op-smart-phone-vendor

82, PwC 2014, quoting data from CSIA, MIT and Gartner

83, For an analysis of China's TD-SCDMA standard, see Emst, 2011, chapter 5.
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Figure 2.
Domestic Vendors Stand Strong in China’'s Smariphone Market
% of smartphone shipments in China in Q1 2014
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There are of course reasons to ask how sustainable will be this shift towards

China becoming a fead market in mobile devices. Take Xiaocmi, which has been cat-
apulted from practically nothing a few years ago to the third-largest smart phone
vendor in China® and fifth largest globally. Xiaomi’s handsets have achieved almost
cult-like status in China, and they are the darling of global media and investors. Yet,
as a review of Xiaomi's flagship Mi3 smart phone, concludes: "Xiaomi has promise,

but

it is far from the world-dominating juggernaught that western media makes it out

to be."® Its success has been for 3G smartphone only, but not for leading-edge 4G/
LTE devices®.

In fact, China’'s 4G smartphone market has failed to surge as expected and most

Chinese vendors’ domestic shipments did not achieve any growth®. It is too early

84,

85.

BE.
By

86

MNote however that, according 1o Canalysis, .. Xiagrm has risen from being a niche player to become the leading
smart phone vendar in the world's targest markel, overtaking Samsung in volurme terms in Q2. Xiaom took a 14%
share in Ching, on the back of 240% year-on-year growth. hitp /fwww canalys com/newsroomyxiacmi-bacomsas-
china%E2%80%99s-top-smart-phone-vendor . While these data need to be taken with a grain of salt, the often quite
substannial diferences in market share estmates of different consuting firms indicare the fluidity and unpredict-
ahility of the rapidly evolving smart phone markel.

Sambandaraksa, [}, 2014, "Lwving with the Xiaom MI3", Telecom Asiz, September 10, hbp:/fwww. ielecomasia.
net/bleg/conent/living-xiacmi-mid?section = INSIGHTRutm_source =silvarpopéutrn_medium =newsletterdutm
content=8&utm_campaign=telecomasia

Foreward Concepts Wireless Newsfefter, August 14, 2014 p1

Chen, A and L Lin, 2014, "China 4G smartphone demand fails o surge: CootPad, Lenova, Xiaomi unlikely ta
achisve 2014 targets”, DigiTimes, 1 October.
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to assess whether this slow growth of 4G smartphone demand indicates that the
demand pull effect from mobiie devices is already being weakened.

Further, Xiaomi continues te depend on foreign companies for core technologies
(especially application processors and system platforms). For instance, Xiaomi's lat-
est smartphone, the Mi4, will be available only for China's 3G networks (both for the
Chinese TD-SCDMA standard and WCDMA). Like earlier Xiaomi handsets, the Mid
is based on Qualcomm's Snapdron 801 platform®, reflecting a long established re-
lationship with Qualcomm,

In addition, if Chinese smartphone makers really want to move from catching-up
to forging ahead, they are faced with a very tight global oligopoly in this industry, and
hence face severe upgrading barriers. The latest data available for the first quarter of
2014 show that the combined global market share for the two dominant smartphone
operating systemns (Google's Android and Apple’s 10S) has increased to 96.4%,
leaving little space for latecomers like Xiaomi to differentiate themselves through
alternative operating systems®.

This of course raises the question whether China now really has a broad enough
portfolic of core technologies and the ecosystem required to sustain the move to-
wards becoming a lead market for mobile devices. Or are these expectations a bit
premature?

In any case, both the Chinese government and MNCs clearly believe that the shift
towards China becoming a lead market in mobile devices is real. As a result, MNCs
are all irying to position themselves so that they can sustain market access in the
future. It is this perception which seems to drive some of the other global transforma-
tions, discussed below, and especially the strategic partnerships between Chinese
companies and global industiry leaders discussed below under section 3.5.

3.3. The Trailing-Node Upgrading Trajectory - New Cpportunities for
China’s Semiconductor Foundries

Part One of the paper described a fundamental challenge for China's new policy to
strengthen its semiconductor industry: China’s domestic semiconductor manufactu-
ring {i.e. wafer fabrication) technology and capabilities have failed to keep up with the
country’s IC design capabilities and needs.
This raises the question which of the following propositions might carry greater
weight in shaping China's policy responses:
+ China’'s technology gap in wafer fabrication today may matter less, as China’s
IC design houses can use a great variety of fabs and design services across
Asia to tape out their design needs, ranging from top-tier, leading-edge pro-

Foreward Concepis Wireless Newsletier, August 14, 2014 p.2

Data are from the IDC Worldwide Qluarterly Mabile Phone Tracker, August 17, 2014, http:/Awww.idc.comy/searchy
other/perform_ do?sornBy =RELEVANCY& xpn=false&cg=5_1321&srchin=ALL RESEARCH&sIc=&athrT = 10&ian
g=English&cmpT=10&page = 1 &hitsPetPage =50

g8
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cess technology foundries (like Taiwan's TSMC) down to highly specialized
niche foundries for analog devices which do not require leading-edge pro-
cesses.

» China’s technology lag in wafer fabrication may, in the medium and longer
term, substantially constrain efforts 1o upgrade its design indusiry, because
access to leading-edge foundry capacity may be denied during high growth
petiods, and because proximity between design and wafer fabrication may stiil
be critical for effective tape-out of leading-edge devices?

A survey of IC design firms in 2013 reported that proximity to foundries is per-
ceived to be more important by Chinese IC design housesthan by US design hous-
es, because Chinese firms have weaker technology capacity and hence weaker
bargaining power in negotiations with large foundries like TSMC*,

That broad proposition however needs to be differentiated. Industry observers
emphasize that the advantages or disadvantages of proximity to foundries differ, de-
pending on the capability sets and bargaining power of different firms. The pros and
cons also differ across product markets and market segments — design houses for
instance that focus on analog, mixed-signal designs do not need access to leading-
edge process technology, but are well served with trailing-node process technology.

For policy purposes, this paper suggests to be more specific about the precise
nature of the policy challenge. One could ask for instance specifically: As China-
based design houses are ramping up 28nm chip orders at TSMC, as reported in Au-
gust 2014%, would they be better off if SMIC or any other China-based foundry could
have a proven 28nm process technology ready and could provide the full solution
(fabrication of the design pius supporting design services that are especially impor-
tant for latecomers fike Chinese IC design firms)?

China's technology planners who have shaped the Guidelines seem to have
taken this more focused and pragmatic approach. Based on their research on the
global sermiconductor industry, the planners expect that significant and stable mar-
ket for trailing-nede semiconductor technology (l.e. 28nm and above) may open up
new opportunities for Chinese foundries to gradually gain market share and improve
their profit marging in these techneiogies. The primary beneficiary is expected to be
SMIC, which after all is now the fifth targest global foundry.

The underlying econcmics works roughly as follows: At this stage of the semicon-
ductor cycle, trailing nodes (28 nm and higher) actually carry higher margins than the

90. Angerson, E. et al, 2013, Measunng the U.S.-China fnnovation Gapy: fnitial Findings of the UCSD-Tsinghua Innovation
Metrics Survey Project, STI Policy Briel # 14. December, http /iwww-igec.ucsd edu/assets/001/505418 pdf

91, On August 4, 2014, TSMC reported that it has received 28nrm chip arders Iram mare than 10 China-based IC design
houses and gdesign service providers (Chao, €. and S. Shen, 2014, “China-based IC design houses ramping 28nm
chip orders at TSMC", DigiTimes, August 4). The companias mertioned in the announcement camprise all ;eading
China’s IC design firms, i.&. HiSilicon, Spreadtrum, Rockehip, Allwiner, RDA and Datang.
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leacding-edge technoiogy nodes below 28nm. This is so because most of the equip-
ment used to produce trailing nodes are either partially or fully depreciated, so trail-
ing nodes don't have the burden of depreciation. According to one abserver, “trailing
nodes may be returning higher marging, because they are being manufactured in
fuily depreciated wafer fab facilities.”

On the other hand. producing devices at 20nm and below is extremely expensive,
resulting from the escalating cost of equipment and tools. There is an intense debate
within the industry whether the cost of producing leading-edge devices will decline, and
if s0, at what pace. But it seems that the current consensus pasition within the industry
is that barriers to such cost reductions will remain substantial for a considerable time.

Thus, second-tier foundries like SMIC may have a limited window of oppartunity
1o compete in trailing node technologies. They may be able to catch up with the lead-
ers in technology and gradually gain share and improve their margin in these trailing
nodes. Industry sources report that beth SMIC and UMC actually have been gaining
market share away from TSMC in these trailing nodes®,

This window of opportunity however may be closing soon. Once a second-tier
foundry like SMIC is adding additional capacity, this will require new facilities with
additional depreciation expenses which will reduce margins. And if more foundry
capacity would be added, leading to excess capacity, the resultant cost increases
would erode profit margins.

SMIC's new management seems to bet that the trailing node upgrading trajectory
will work, But the challenge to achieve this goal will be formidable. According to industry
observers, SMIC is two generations behind that of Tawan Semiconductor Manufacturing
Co. {TSMC). the world’s largest contract chip maker. In the latest 2013 IC Foundries re-
port, SMIC has retained its position as the fifth largest global IC foundry, and it has grown
by 28% in 2013. However, Table Y clearly demonstrates that, in terms of foundry capacity,
SMIC remains a minnow compared to the three global industiry leaders.

Figure 3.
2013 Foundry Capaclty Comparison

Faundry Capacity [ year
TSMC (LR MR L
Global Foundries S ELA ]
UMEC | BEERA
SMIC 000

IC. Insights. Production capacity fgures convertad to 8-inch equwvalent wafers in order to enable compansan

92 Ed Pausa. PwC, email tx Ihe author, August 18, 2014,
93 L M., 2014, "Chinese Fabless Industry to Outgrow Semiconductar Sector by Significant Margin®, The Wall Street
Transcrpt, May 26; 4 pages
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In addition, SMIC's net profit is not even 1/30th of TSMC's, explaining why without
government support China’s semiconductor foundry sector lacks the capital needed
to ramp up production and compete in the trailing-node processes. While the leading
Taiwanese foundries (TSMC, UMC and Powerchip) have a combined 60% share of
worldwide 2013 foundry revenues, the combined share of China's SMIC and Grace
is less than 5%,

China's technology planners however seem convinced that SMIC may be able to
reap latecomer advantages for trailing node technology (28nm), provided of course
that appropriate support policies are in place. The underlying economic rationale is
aptly summarized by Tsinghua University's Prof. Wel Shacjun: “If the advanced pro-
cesses ... [i.e. below 28nm]...cannot be brought into mass production on schedule,
a major shortage of chips using the 2Bnm process could emerge before 2017. That
would give SMIC, which received 28nm orders this year from Qualcomm, a chance
to vault 1o the front of the pack. By 2017, giobal demand for the 28nm process will
be 4 million wafers a month. Right now, capacity hasn’t even reached 3 million."#

Will SMIC be Able to Narrow the Technology Gap?

China-based IC design companies (both domestic and foreign ones) are of critical
importance - they account for 40% of SMIC’s revenues®. To address the real needs
of China-based fabless companies, SMIC pursues a flexible approach: “Qver 28nm
process technology is fungibie. In other words, those new 28 nm process lines are
also capable of 40nm products."®

According to SMIC's web site, the company's 28nm process technology was
scheduled to be ready for foundry customers by the end of September 2014. A col-
laboration, announced in July 2014, between SMIC and Qualcomm on 28-nm wafer
production in China, is expected to accelerate this upgrading process®’. In addition.
SMIC seeks to diversify into potentially profitable specialty foundry niche markets,
For instance, SMIC developed an embedded EEPROM platform, which had been
adopted by a majority of China's bankcard IC design houses. Gn microelectrame-
chanical systems (MEMS), SMIC cooperates with Silicon Labs®, a leading specialist
US fabless design company. This cooperation foccuses on manufacturing CMEMS-
based MEMS oscillators, designed to allow direct post-processing of high-quality
MEMS layers on top of Silicon Labs' RF/mixed-signal CMQS technology. Ancther

G4, Wei Shaojun, guoted in Wang, Hsiao-Wen, 2014, *Ching’s Sermiconductor Grab - TSMC. MediaTek inthe Bull's Eye”,
CommonWealth Magazme, 21 August 2014, http.//english.cw.com.tw/aricle do?action = showsid = 14830.

95, SMIC Investor Fact Sheet, 2014, hitp/fwww smics.comiengfinvestarsfir_sheet.php

%6 Tzu-Yin Chiu. CEQ of Sermconductor Manufaciuring International Corp. (SMIC), quoted in Yoshida, ¥, 2014, "Will
SMIC Narrow Tech Gap”. EETimes, March 27 page 3.

27 For a detailed discuszion, see below (3.5 A new intersst in strategic pannsrships and margers and acquisitions).

98. Silicon Labs is a fabless company i Auslin/Tx, designing high-parformance, analag-imensive, mixed-signal semi-
conductors. hitp://www silabs com/aboul/pages/default. aspx
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joint venture with a US company, Toppan Photomasks Inc, Round Rock/TX seeks
to to manufacture on-chip color filters and micro lenses for CMOS image sensors®,

According to an industry observer who has requested anonymity, SMIC's sirategy
has been focused on “stable niche markets (sensors) and generic 180nm+ service,
something that TSMC was not interested in.. .. It was a wise decision on SMIC's part
to stop chasing Taiwanese and to seek growth opportunities beyond TSMC domi-
nated leading-edge process markets.”

An Emerging Division of Labor in China’s Semiconductor Foundry
Industry

Thus far, China's trailing-nade upgrading strategy for its foundry industry has produ-
ced two results: a) an emerging 12-inch wafer fabrication cluster, centered on SMIC;
and b) an 8-inch foundry cluster, focused HH Grace. As discussed below in section
3.4., it remains t0 be seen whether these achievements are sufficient to transform
China's foundry industry into a credible global player,

The 12-inch Wafer Fabrication Cluster, Centered on SMIC

China has decided to davelop a supply chain focused on 12 in IC manufacturing fabs,
centered on SMIC'™. As part of this target, SMIC seems to focus on 12-inch wafer fa-
brication facilities with trailing-node process technoiogies of 28nm and above.

In August 2014, SMIC and Jiangsu Changjiang Electronics Technology Co. Ltd
(JCET) announced a joint venture for 12inch bumping and related testing, to be es-
tablished in Jiangyin Nationat High-Tech Industrial Developrment Zone in China's Ji-
angsu Province. The joint venture can benefit from Jiangyin's unique location and
mature industrial environment to quickly set up the 12inch wafer bumping'®" and
wafer testing production line (specifically for Circuit Probe {CP) testing)’®. In addi-

99. SMIC’s new R&D and manulaciuring center seeks [0 develop proprielary MEMS pracess technolagy, as well as
manufactunng capabilities for silicon-based senszors, and trailing-node water process technologies

100. Yoshida, J., 2014, "China erects firsl 12in IC manufacturing supply chain”, EETimes, August 11

101, "Wafer bumping” |5 replacing wire bonding as the interconnection of choice for a growing number of components.
The broad term “wafer bumping” is defined as Ihe process by which solder, in the form of bumps or balls, is applied
ta the device at the wafer kevel. The use of wafer bumping is driven either by performance, form factor or array inler-
connect requiremnents. The ability to properly design the davice for bumping will have direct bearing on manufactur-
ability, reliability, and cost savings from wafer fabrication through component assembly. {see Patterson, D5, 2001,
“The back-end process: Step 7 - Solger bumping step by slep”, Solid State Technofogy, Volume 44, issue 7, 1 July,
http //electroiq.com/blog/2001 /07 /the-back-end- process-step- 7-sokder-bumping- step-by-step/

102. According to Wikipedia, wafer lesiing Is a step performed during sericonductor device fabrication. During this step,
performed before a waler is sent to die preparation, all individual integrated circuits that are present on the wafer
are tested for functional defects by applying special test pattems to them. The wafer testing is performed by a piece
ol fest equipment called a wafer prober. The process of waler tesling can be referred to in several ways: Wafer Sort
(WS), Wafer Final Test (WFT), Electronic Die Sort (EDS) and Circuit Probe (CP) are probably the most common
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tion, the joint venture can also utilize JCET's nearby advanced back-end packaging
production line. For SMIC, the JV with JCET will facilitate ramping-up of its 28nm
mass production. For China's IC design industry, this emerging 28nm supply chain
will shorten the overall manufacturing cycle time.

The 8-in Foundry Cluster, Focused HH Grace

HH Grace (incorporated through the merger of Shanghai Hua Hong NEC Electronics
Company and Grace Semiconductor Manufacturing Corporation) focuses on 8-inch
pure-play foundry services covering technology solutions from 1.0um'™ to 90nm
process nodes, focusing on advanced and differentiated technologies including
eNVM (embedded Non-Volatile Memory), power management IC, power discrete,
RF, CMOS image sensors as well as standard logic and mixed-signal.

With three 8-inch wafer fabrication facilities in Zhangjiang and Jingiac of Shang-
hai, HHGrace offers production capacity over 124,000 8-inch wafers per rmonth.
HHGrace is also seeking to upgrade its capacity to provide foundry solutions for
MEMS'™ solutions through a strategic partnership with Shanghai Quality Sensor
Technology Corporation ("QS3T"), a Chinese company producing high-end magnetic
sensors and MEMS sensors'™. As SMIC is also diversifying into the MEMS market
niche, there is reason to be concerned about a lurching threat of over-capacity'™.

3.4. Changes in the IC foundry Industry Landscape

Whether China might succeed in its trailing-node strategy, depends on the impact
of significant recent changes in the IC foundry industry landscape. It is an open
guestion at this stage how the new global foundry landscape might affect China’s
efforts to upgrade its semiconductor industry. It is unclear in particular whether the
emerging new giobal foundry landscape will create new entry possibilities for SMIC
and other Chinese foundries.

103 prm= rmicrometer

104 Micro-Electro-Mechanical Systerns, or MEMS, are defined as miniaturnzed mechanical and electro-rmechanical ale-
ments (i.e.. devices and siructures) that are made using the technigues of microlabrication. The critical physical
dimensions of MEMS devices can vary from well betow one micron on the lower end of the dimensional spectrum,
all the way 1o several milimeters. Likewise, the types of MEMS devices can vary [ram relatively simple structures hav-
ing no Mowng elements, 16 extrernely complex electiomechamcal systems with multiple moving elermnents under the
comtrol of inlegrated microelectronics The one main criterion of MEMS is that thare are at least some elements haw-
g some sort of mechanical functionality whethsr or not these elernenis can move. hitps://www.mems-gxchange.
o1g/MEMS/what-s. html

105 GST holds worldwide and exclusive license of Haneywell's AMR magnetic sensar technalogy. In addition, QST halds
patents in a nurnber of CMOS inlegrated mulli-axas molion sensors.

106. See further discussion on threat of cver-capacity in the Conclusions of this paper.
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Apple acts as a Catalyst

As is so often the case in this industry, Apple acted as a catalyst for change. in res-
ponse to acrimonious and unresolved patent wars, Apple switched from Samsung to
TSMC as the sole supplier of Apple’s next-generation application processors. As a
result, the global foundry landscape is changing beyond recognition.

For a while, it iooked like Apple would be TSMC's only relevant customer for
20nm, providing it with quite some bargaining power as a monopsonist. As long as
TSMC would remain the only meaningful foundry supplier of 20nm process technol-
ogy, this would imply that prices for 20nm foundry services would be negotiated
between a monopsonist {Apple) and a monopolist (TSMC).

If such a market structure would prevail, Chinese IC design firms would find it quite
difficult to gain access to TSMC foundry services. As lower-tier customers, Chinese
IC design firms are likely to be charged higher prices. But higher chip fabrication cost
is arguably not the main concern. The main barrier to using TSMC's foundry capac-
ity is what the industry calls MOQ, i.e. “minimum-order-quantity”. Chinese |C design
firms clearly are vastly disadvantaged relative to Apple, and may well end up having
to wait for a long time to get its chips fabricated (“taped-out” in industry parlance).

Already in the second quarter of 2014, it became clear that Chinese IC design
firms are unlikely 1o have secure access to TSMC's foundry services. TSMC an-
nounced that its production capacity is almost fully booked for the fourth quarter of
2014. TSMC's nearly sold-out wafer production has placed most IC design houses
in a dilemma as to whether they should queue up at TSMC for capacity. Since lead
times for wafers usually extend to 4-6 months during peak business cycles, IC design
houses may receive deliveries only in the first half of 2015 for wafer orders placed in
the fourth quarter of 2014, Hence, Chinese fabless IC design companies would suf-
fer, given that time-to-market is of critical importance for success.

As timely and cost-effective access to TSMC's capacity will become even more
difficult, this would in principle provide new opportunities for SMIC and other Chi-
nese foundries to gain business from Chinese fabless design companies, provided
of course SMIC will succeed in accelerating its upgrading to 28nm process tech-
nologies. On the positive side, there are indications that SMIC's focus on trailing
node technologies has already pushed down prices and MOQs. This is important for
Chinese fabless companies, as it may facilitate timely and cost-effective access to
foundry capacity in China. Most importantly, Chinese fabless companies will have to
struggle less with TSMC's demanding MOQ requirements.

Intensifying Competition in the Leading-Edge Foundry Business
In the meantime, however, Apple's Big Bang move to drop Samsung as its foundry

supplier, has now set in motion a chain of events that are likely to change further
the global foundry landscape. But at this stage there is no way to predict possible
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outcomes. Nor is it possible fo anticipate how all of this will affect China’s efforts to
upgrade its foundry industry.

For Samsung, the loss of Apple’s foundry contracts is a massive setback. But
Samsung is fighting back, and the company now seeks to compete head on with
TSMC in the pure play glcbal foundry business for leading-edge integrated circuits.
Foundry work rermains an important segment for Samsung, and the company has
anncunced to invest $14.7 bn into a new. cutting-edge waler fab that will use leading-
edge wafer size and process technciogies in order to attract foundry contracts from
fabless IC design companies'®’.

Samsung now has become the fourth targest IC foundry, behind TSMC, Global
Foundries and UMC'®, In 2013, Samsung had a 15% increase in its foundry sales
and was less than $10 million behind the third-largest 1C foundry in the world—UMC.
According to IC Insights, "Samsung has the ability (i.e., leading-edge capacity and a
huge capital spending budget) and desire to become a major force in the IC foundry
business. It is estimated that the company’s dedicated IC foundry capacity reached
150,000 300mm wafers per month in the fourth quarter of 2013. Using an average-
revenue-per-wafer figure of $3,000, it is estimated that Samsung's IC foundry busi-
ness segment has the potential to produce annual sales of about $5.4 billion, "%

Another potentially transformative event is the decision ot IBM to get rid of its
semiconductor fabrication. Since the beginning of 2014, there was intense specula-
tion about who would acquire IBM’s semiconductor assets. For some cbservers, it
seemed “ . quite logical that a sale of IBM's chip manufacturing would be to China."
"% n the end, IBM's foundry operations were transferred to Globat Foundries, as an-
nounced on October 21, 2014, In a quite unusual arrangement, IBM pays Global
Foundries $1.5 billion, simply to get rid of its unprofitable chip manufacturing busi-
ness. In a statement, IBM seeks to justify this embarrassing retreat, stating that the
move would save it billions of dollars IBM would otherwise have to spend to keep
upgrading its facilities for the next generation of chip technclogy''?.

The deal involves two IBM fabs: a) East Fishkil[N.Y. with a 15000 wafers per
month capacity, that has just ramped up the 22nm process used 10 make IBM's
Power 8 processors and where 14nm technology is under development; and b) Bur-
lington, Vermont, with 45,000 wafers per menth capacity — a specialty fab for ana-
logue devices, much of it for the defense indusiry.

107 IC Insights, 2014, Samzung fviests Big to Maintain Leadership, Support New Markets, 1C Insights Research Bulletin,
Oclober 15,

108. "Foundry Ranking by Capacity 2013-2014. http/fanysilicon.comfoundry-ranking-capacity-2013-2014/

109. The 2014 McClean Report, hiip:/fwww.icinsights. com/news/bulletins/Top-13-Foundries-Account-For-31-Of-Total-
Foundry-Sales-In-2013/ . With annual sales of about $5 4 billion, Samsung would be ahead of the 2013 sales of
Global Foundries, the curtent Number 2 in the IC Foundry ranking.

110 “IBM labs for sale — the sermiconductor shockwave”, Elecironics Weeidy, 10 Febiroary 2074 hitp:/fwaww glactronic-
sweshly com/news/business/viewpoinls/ibm-fabs- sale-semic cnductor-shock-2014-02/ # sthash p1EGhyzx dpuf

111, Merriit, R., 2014, "IBM strikes historic fab deal with GlobalFoundries”, EETAsa, October 21

112 Waters, R., 2014, "IBM's lroubles with cloud send profits tumbling.”, FT, 21 October. front page. According to in-
dusiry insiders, IBWM management was under quile some prassura from Warren Butfett, IBM's biggest shareholder,
whose stake has been drastically reduced by IBM losses.
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There are still considerable regulatory hurdles, not only because of the defense-
related products, but also because Global Foundries is primarity owned by the
government of Abu Dhabi, and hence requires approval of the deal by CFIUS (the
Commitiee on Foreign Investment in the U.S). But if the deal would go through, it
would not only expand Global Foundries' capacity by more than 10%, but it also
would add more than 10,000 IBM semiconductor patents. IBM, after all has been one
of the founding fathers of semiconductor technology. IBM’s semiconductor patent
portfalio thus will be quite valuable, especially those patents which cover IBM's 22nm
and especially its 14nm technotogies.

It is unclear to what degree the IBM'Global Foundries deal will affect China’s
plans to upgrade its semiconductor foundry industry. Taiwan's UMC most likely witl
be negatively affected. In light of the earlier speculations that China might be the
recipient of IBM's foundry assets, it is worthwhile asking: Why did China not acquire
the IBM semiconductor business? Were there US national security considerations
involved? Or were there doubts whether SMIC would have the level of competency
needed for ongoing support of IBM mainline of business?

Another important player in this transformation of the global foundry landscape
is Intel. By establishing its own rapidly growing Custom Foundry group, Intel dem-
onstrated that it intends to play an active role at the top end of the global foundry
industry. Intel is actively recruiting worldwide top foundry service specialists. With
locations in the US, Canada, and India, Intel's strategy is to provide "select custom-
ers strategic access to our leading edge process technology and manufacturing
services.. [, as well as]... turnkey services... [such as]... ASIC design services, spe-
cialty IP. wafer manufacturing, packaging and testing."!"® A first step was a 12-year
agreement, signed in February 2013, with Altera, a leading US fabless chip design
company. As part of recently announced strategic parinerships with two Chinese
fabless companies {(Rockchip and Spreadtrum), Intet is expected to add these two
Chinese companies as foundry customers'™*.

There are persistent rumors that Apple may select Intel to fabricate some of its
most recent application processors''s. In the end, intensifying competition in the
global foundry business is all driven by walfer price negotiations — all the leading fab-
less companies are searching for ways to escape the high prices charged by TSMC.

From China's perspective, what matters is that the industry clearly is in turmail,
due to intensifying competition among a small band of foundries that are able to offer
high-volume leading-edge foundry production over the next five years, This leading
group of foundries includes TSMC, Global Foundries, UMC, Samsung and Intel, but
China's SMIC is not part of this exclusive club. These five leading-edge technology
foundry leaders are fierce competitors — their main goal is to put pressure on TSMC

113. See the wab site of Intel's Custom Foundry Group, hilp: Awew.intel. com/contentwww/Us/enfjobs/campaigns/found-
fy-jobs.html. 114,

114. For details of Injel's deals with Rockchip and Spreadtrum, see section 3.5. below.

115.Nenni, D, 2014, “The Apple Samsung TSMC Intel 14nm Mashup!”, October 4, https.//www.semiwiki.com/forum/
coment/3898-apple-samsung-tsmc-intel-14nm-rmashup. html
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to reduce its foundry service prices for leading-edge semiconductors, In fact, it is
now expected that pricing will likely come under pressure, and that this may even be
the case for leading-edge devices.

As aresult, arecent forecast of growth patterns in foundry sales expects the 2014
leading-edge 28nm-and-below foundry market to be about $5.1bn, a 72% increase
in size as compared to 2013"'8. The report concludes:” Not only is the vast majority of
pure-play foundry growth coming from leading-edge production, mast of the profits
that will be realized come from the finer feature sizes as well.”

For China, one possible impact of the emerging new global foundry landscape
may well be to reduce the scope of its “trailing node upgrading” strategy. In the end,
it is unclear at this stage whether the emerging global foundry landscape will support
China's upgrading efforts in this industry, and how all of this will affect China's new
push in semiconductors. This provides yet ancther example of the deeply entrenched
uncertainty that characterizes the dynamics of semiconductor industry development.

3.5. A New Interest in Strategic Partnerships and Mergers and Acquisitions.

As described in Part Two of the paper, strategic partnerships, joint ventures, and
mergers and acquisitions (M&A) are an important ingredient of China's new policy
on sermiconductors. Two objectives are driving these efforts: On the one hand, M&A
armong domestic firms are expected to create new opportunities for economies of
scale and scope, and for creating synergies among firms with different specialization
patterns and capabilities. A second objective is to gain access to cutting-edge te-
chnology and best-practice management techiniques through strategic partnerships
and joint veniures with leading global semiconductor firms.

Domestic M&A: Spreadtrum and RDA

On July 19, 2014, Tsinghua Unigroup announced that it was arrangi ng for a merger
between Spreadtrum and RDA"7 The main goal is to create a credible competitor in

118 1C Insights, 2014, Leading-Edge 1C Foundry Market Forecast 1o incréase 72% in 2014, IC Insights Research Bulletin,
Seplember 25.

117. The process of merging Spreadtrurm and RDA was actually quite complex. On December 23, 2013, Tsinghua Uni-
group anncunced the US$1.7 billion acqusition of Spreadtrum, "as contemplated by the previously announced
agreement and plan of merger, dated as of July 12, 2013 {the "Mergear Agreernent™, batween Tsinghua Unigraup and
Spreadirum”.  (hllp/iwww spreadirum.com/en/news/press-releases/tsinghua-unigroup-completes-acquisition-of-
spreadirum-tor-us31 00-per-ads ). And on July 19, 2014, Tsinghua Unigroupn announced the "approximately US$907
million merger of ADA Microslecironics with an aftiliate of Tsinghuwa Unigroup {the “Merger”) as contermplated by
the previously announced agreement and plan of merger, dated Navember 11, 2013 and amended on December
20, 2013 (the "Merger Agreement”). betwesn Tsinghua Unigroup and RDA " hittp /firrdamicro comyreleasedetall.
cim?ReleaseslD=860768 . Most likely, this complicalad process was necessary to get the necessary pre-clearance
from the NORC, the responsible Chinese government agency.
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the IC design market for low-end budget smart phones, not only against Taiwan's
MediaTek, but also against the emerging challenge from Qualcomm'®, Since 51
percent of Tsinghua Unigroup is owned by Tsinghua Holdings, a 100 percent state-
owned limited liability corporation funded by Tsinghua University, the Spreadtrumy/
RDA merger is expected to deliver a new, state-owned, consolidated entity that might
be able to generate sufficient economies of scale and scope.

In addition, there is the promise of significant potential synergies between these
two companies that started out with very different business models™®,

RDA is proud of its local roots, initially providing low-cost RF(radio frequency)
circuits, especially to Chinese Shanhzai handset vendors. RDA's strategy relies on
access to cheap, well-trained iocal engineering talent for chip design. These en-
gineers have graduated from Chinese universities, and RDA willingly takes on the
task of providing them with real-world design experience. Through intensive use of
demestic engineering talent, RDA engages in exceptionally rapid cycles of prototyp-
ing and new product development. RDA chips don't need leading-edge process
technology, and hence can rely on foundries with older technology. This low-key and
pragmatic business model has allowed for rapid catch-up in capabilities and a sus-
tained growth in market share at the low end of the end market.

Spreadtrum on the other hand followed the path initially blazed by Taiwan's Medi-
aTek, providing a turnkey platform that combines baseband and RF chips, along with
ihe relevant associated software solutions. Dr. Lec Li, Chairman, CEO and President
of Spreadtrum Communications, Inc., has more than 23 years of experience in the
wireless communications industry, and has worked for instance for Broadcom, Rock-
well Semiconductors and Ericcson. Since Dr. Li joined Spreadtrum in May 2008, the
company has followed a remarkable strategy of technolagy leapfregging inte trailing-
node process technelogy. This strategy has enabled it to offer feature-rich phones and
move rapidly into low-end smartphones. A key milestone came in October 2010, when
Spreadtrum engineers successfully prototyped a 2.5G integrated chip solution using 40
nm process technology, which provided the basis for a 95% increase in sales in 2011

Spreadtrum's focus on ftrailing-node process technology culminated on June
23, 2014, in the introduction a guad-core smartphone platform (the "SC883XG™),
dasigned with advanced 28nm process technology, that integrates diverse Third
Generation mebile telecommunications standards, including China's TD-SCDMA
standard'?®. Spreadtrum’s adoption of more advanced semiconductor process tech-
nology delivers higher perfermance and lower power consumption, providing hand-
set makers with a cost-effective solution for mid- to high-end handset models.

118. Bushell-Embling, T, 2014, *Qualcomm bringing LTE-A to low-cost phones”. Telecom Asia, September 11

112 For details, see Ernst and Naughton, 2012: chapier IV

120. Spreadtrums’ SC8B3XG platform integrates current best praclice 3G mobile standards of the 3GPF international
standard developmenl organizalion that draws on Europe's GSM standard and includes China's TD-SCOMA stan-
dard.

97



stedra Extraordinaria Mésxico-China

On paper at least, the merger between Spreadtrum and RDA offers significant
potential synergies.

As one Chinese semiconductor industry observer explained, "Spreadtrum is
weak in everything except TD-SCDMA, while RDA is strong in RF. Both are weak in
application processors. ... Spreadtrum’s integrated circuit R&D is weak, but ... {the
company is] ...strong in software. Meanwhile, RDA is very strong in IC R&D, but has
no real software development.”'2!

A similar assessment is offered by a US-based industry observer: “If you wanted
o create a China-based company that couid (with a lot of work and a lot of money)
someday rival Qualcomm, Spreadtrum and RDA are the two companies that | would
pick."?2 Whether this merger will work however remains an open guestion. Forcing
together twe companies with very different cultures has triggered raw emoticns and
turmoil among RDA employees who object to it. RDA's Chairman and CEQ Vincent
Tal, who reportedly resisted the Tsinghua Unigroup's acquisition plan, was fired by
the RDA board in late 2013, This apparently has created quite some bad blood in
the company.

Global Partnerships and M&A

China's efforts to realize partnerships and M&A with leading global semiconduc-
tor firms are faciltated by two recent developments; First, as the cost of moving to
leading-edge multi-component semiconductors (MCQOs) and process technologies
keeps rising, the semiconductor industry experiences a growing pressure to conso-
lidate size and market power through partnerships and M&A* At the same time,
China's emerging role as a lead market for mobile devices acts as a powerful mag-
net to global industry leaders, both in the semiconductor and in the mobile device
industry, to secure long-term access to the China market.

As a result of these twa developments, the interest and willingness of foreign firms
to engage with Chinese firms now seems 1o have substantially increased. To some
degree this reflects a perception in the headquarters of global firms that the balance
of power is shifting, providing China with greater bargaining power. In fact, the lead-
ing giobal players, and especially US firms, are all now experimenting with strategic

121 Anorymous Chinese industry observer, guoted in Yoshida, J.. 2014, "Battle of Spreadtrum/RDA Merger”, EETimes,
March 21

122. Email to the author by Will Strauss, president of Forward Concepts (Tempe, Arizona), August 22, 2014,

123, M1 Vincent Tai is RDA’s co-founder and has been charman of RDA's board of directors and chief executive officar
since RDA's inception in 2004,

124, During the first half of 2014, a wave of mergers and acquisitions has hit the semiconcuctor industry, as chiprmakers
try to gain scale, cut operating expenses, and grow their cross-seling opportunities by consolidating. Important
deats include: Qualcomm's acquisilion of Cambridge Stcon Radio (CSR): Infineon’s acquisition of nternational
Rectifier; Cirrus Logic's purchase of Wolfsan Electronics; the merger between AF Micro Devices and TriQuint Semi-
conductor; Avago's purchase of LS| Corp; and Micrachip's acquisition of Bluetooth chiprraker ISSC.
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partnerships and M&A with Chinese |C design companies and foundries'?®. China's
technology ptanners believe that, if handled correctly, the new interest by global in-
dustry leaders in strategic partnerships could create new opportunities for Chinese
firms to engage in global technology sourcing.

Important examples of this new round of US-Chinese partnerships in sermiconduc-
tors include, but are not restricted to the following recently announced agreements.

Global Partnerships in the Foundry Industry
Qualcomm/SMIC

On July 2nd, 2014, Qualcomm and SMIC announced that they are working together on
28nm water production for Qualcomm’s latest Snapdragon processors in China'?, Qual-
comm, the leading base band cellular processor company states that it will offer support
to accelerate the development of SMIC's 28nm process technology'’.

If Qualcomm would stick to its commitment to share critical knowhow, this agree-
ment would be a big win for SMIC, enabling China's leading foundry to implement
its trailing-node upgrading strategy that depends on the advancement of its 28nm
technology.

But what is in it for Quaicomm? Some observers argue that without the NDRC an-
titrust pressure on Qualcomm, it is debatable whether Qualcomm woutd have found
SMIC to be its best choice.

However, it is useful to consider that a combination of the following three motiva-
tions may have been instrumental in Qualcomm's decision. The catalyst most likely
has been indeed the pressure exerted by NDRC. As Qualcomm had been singled out
by the Chinese antitrust authority, appeasing the Chinese gavernment by contracting
some 28nm production to SMIC might clear the air between the parties. In addition,
it is also very lucrative business. Second, there is a generat shortage of 28nm pro-
duction capacity, so Qualcomm may not have had much of a choice but to resort
to second-tier production capacity available at SMIC. But SMIC is not Qualcomm's
only option. On October 14, 2014, UMC announced that it has received orders from
Qualcomm 28nm chips for Fourth Generation LTE smartphones, with shipments to
begin in the fourth quarter of 2014'#, Again this indicates how unpredictable these
global transformations are, and hence how precarious key assurnptions are which
underlie China's industrial upgrading scenario for semiconductors.

125 Very little information on these ellons is in the public domain, but rumars abound

126. While Gualcomm refuses to provide details, the deal most likely is for Qualcomm’s Snapdragan 210 processor, a
leww-cosl chip for 4G LTE budget smart phones that features multimode 3G/ALTE and LTE Dual SIM supparn. (Bushell-
Embiing, D, 2014, "Qualcomm bringing LTE-A In low-cost phoneas”. Tefecorn Asia, September 11)

127 Yoshida, J.. 2014, s SMIC-Qualcornm 28nm deal one-sided?”, EETimes, July 7

128. Lien, J. and 5 Shen, 2014, "UM(C lands 28nm LTE chip orders frorm Qualcomm, say sources”, DigiTimes, 14 Octobar
According 1o indusiry sources, these chips are to be used for the production of iFhone 6 smart phones, which seerns
to indicate that UM is expected to continue Lo receive more [ollow-up Orders fram Qualcamm.
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Third, Gualcomm like other leading design companies may seek to use diversifi-
cation of foundry suppliers not only to get better pricing at SMIC, but also to induce
price reductions by TSMC. Fourth, as Qualcomm seeks to outmaneuver Taiwan's
WMediaTek and China's Spreadtrum in the low end of the smartphone market, a strate-
gic partnership with China-based SMIC might enhance the chances to gain design-
ins from Chinese smartphone vendors. This motivation has gained further urgency,
as Spreadtrum has recently received a $ 1.5bn investment from Intel (further dis-
cussed below}.

An additional motivation for Qualcomm’'s decision ta link up with SMIC might
reflect a more fundamental shift in the semiconductor industry. As indicated earlier
in this paper, there is an intense debate within the industry whether the cost of pro-
ducing 'leading-edge devices will decline, and if s, at what pace. The Global Five
(TSMC, Global Foundries, UMC, Samsung and Intel) are betting on a speedy transi-
tien to leading-edge process technologies, starting with 20nm devices. However,
another equally influential group contends that barriers to such cost reductions will
remain substantial for a considerable time.

Take for instance Zvi Or-Bach, a respected industry figure', who argues that
“dimensional scaling beyond 28nm would not provide reduction of SoC [=systern-
on-chip] cost and, accordingly, 28 nm could the preferred node for many years. "%
The Global Semiconductor Alliance ((GSA) in fact has established a 3D-1C Packaging
Working Group, reflecting the importance of this potentially disruptive move towards
30D-IC based on 28nm process technology ™.

Qualcomm apparently has decided to suppart this approach. At the 2014 Design
Automation Conference (DAC), Qualcomm declared: ““One of the biggest problems
is cost. We are very cost sensitive. Moore 's Law has been great. Now, although we
are still scaling down, it's not cost-economic anymare. It's creating a big problem for
us_"132

In other words, Qualcomm needs to find production partners for monolithic 30
chips. As TSMC is not taking the lead in 3D chips, Qualcomm may bet that SMIC,
after establishing a gooed relationship with Qualcomm in 28nm, will continue to up-

129. Zvi Or-Bach has more than 20 years ol experence in the IC design industry, and holds over 100 issued patents,
primanly i the tield of 30 integrated circuits and semi-custom chip architectures. it swaww. manalithic3d com/zv-
by hitenl

130.Or-Bach, Z., 2014. comments on Yoshida, J., 2014, "Ching’s SMIC-Qualcomm 28-nm Deal Why Now?" EETimes,
July 3. On the underlying technological transformations, see also Or-Bach, Z., 2014, “Qualcomm Calls for Mana-
lithic: 3D 1C", EETimes, Jure 17.

CAccording to GSA, . (3]s geometries continue to shrink and 20 scaling becomes increasingly difficult, 3D-1C
packaging becomes a nalural altermative 10 continued advances in ever smaller footprints; 1t 1s the convergence
of performance, power, and functionality Many of the benefits of 30:1C packaging, such as increasing complexity
while simullangously improving pedormance, reducing prower consumption, and decreasing faotprints are proven
and readily understood. Other benefits such as improving time-to-market, lowering risk, and lowering cost will be
conguered as 30-IC packaging becomes a commercially viable solulion acrgss many applicalion dormamns.”  http//
www.gsagiobal. orgiworking-groups/dd-ic-packaging/

132. Quoted in Or-Bach, Z., 2014, “Qualcomm Calls for Monolithic 30 1C”, EETimes, Jure 17
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grade its foundry capacities into monalithic 3D chips. According to SMIC's web site,
"SMIC will also extend its technology offerings on 3DIC and RF front-end wafer man-
ufacturing in support of Qualcomm as its Snapdragon product portfolio continueas
to expand. "'® Or-Bach argues that, while SMIC lags behind TSMC in leading-edge
nodes, this does not disqualify SMIC to use the Qualcomm deal to develop a strong
position in 28nm. If it is true that the value of the mere advanced nodes is diminish-
ing, then the SMIC-Qualcomm deal might suggest that "SMIC is positioning itself to
lead in the next generation technology driver - monolithic 30, using the maost effec-
tive node for years to come. If the rest of the foundries will ignore it, they may find
themselves trailing behind SMIC In few vears, in what by then could become THE
technology driver.”'3

Global Partnerships in IC Design

Global partnerships and M&A also are gathering momentum in China's IC design
industry. Among partnerships initiated by US firms, of particular interest are Intel's in-
vestments in two Chinese fabless companies, Rockchip (for tabiet ICs) and Spread-
trum (for smart phone iCs}.

Intel/Rockchip

In May 2014, Intel announced that it has entered a strategic agreement with Fuzhou
Rockchip Electronics Co., a Chinese fabless IC design company focused on IC de-
sign for Android tablets'®, to accelerate and expand the portfolio of Intel-Based So-
lutions for tablets.

This deal had well calculated commercial and technological features. For Intal, it
could cenainly accelerate time-to-market for its tablet-related processors. There may
also be a substantial public relations component, as Intel can now claim “We have a
Chinese Partner”.

A unigue feature of the Android tablet market is that China-based IC design hous-
es like Rockehip, Allwinner Technology and Actions Semiconductor have become the
main suppliers of tablet chips. The reason for this is not technological superiority, but
the simple fact that leading international smart phone chip design companies have

133, hitp:Awwew smics com/altachment/201407 181552332 en.pdl

134. Or-Bach, 2., 2014, comments on Yoshida, J., 2014, "Ching’s SMIC-Cualcomm 28-nm Deal: Why Now?", EETimes,
July 3.

135, Founded n 2007, Fuzhou Rockehip Electronics Co develops Systern-on Chip solutians for Android Tablet, Android TV
box{ Srnart TV, E-Book, WIF I Bluetooth audio salution. The company has combined its Video/Audio and Android expe-
nence o produce sermiconductor {IC) solutions for leading global contract manufacturers and brand rame campanies.
Rackehip is headguartered in Fuzhou, where most design and developrnent is taking place, and has three additional
branches in Beijing, Shanghai and Shenzhen, focusing mostly on software and marketing, www rock-chips com
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neglected this market. For them, the tablet chip market was unattractive, because
global demand for tablets is only about one-fifth of the smartphone market, and
prices for tablet chips are only about one-third of those for smart phone chips'®.

The success of Chinese tablet chip designers has been a wake-up call for com-
panies like Intel which now aims to ship 25 million tablet processors in the sec-
ond half of 2014'7. For Intel, the link with Rockehip is expected to provide it with
Rockchip's ecosystem in China, including Rockehip's software support and existing
back-end component and market channel relationships'®®. An important motivation
for Rockehip apparently (s the intensifying competition between tablet chip design
based on ARM processors, which has caused Rockchip's profits to fall and nar-
rowed its options to differentiate itself from competing design houses.

In short, the Intel/Rockchip partnership may well have posttive effects on the up-
grading of China’s IC design industry, provided of course that both companies find
ways 1o establish effective mechanisms for technology transter and absorption.

Intel/Spreadtrum

On September 24, 2014, Intel announced that it will pay $1.5bn for a 20% stake in
two Chinese mobile IC design companies (Spreadtrum Communications and RDA
Microelectronics) through a deal with Tsinghua Unigroup, the government-affiliated
private equity firm which owns the two mobile chipmakers. This deal is quite com-
plex, and many essential data points have not yet been made public. For instance,
how much for the $ 1.5 billion was paid in cash? What are the contractual arrange-
ments for sharing inteilectual property? And does this involve an IC fabrication deal
for Intel’'s Custom Foundry group?

In principie, this deal could provide a boast to China's efforts to upgrade its IC de-
sign industry. If RDA and Spreadtrum would be able to absort Intel's technology, this
deal could empower these two companies to compete head-on against Qualcomm
and Taiwan's MediaTek. At the same time, Chinese smart phone vendors might alsc
benefit, as they now would have an alternative to costly Qualcornm chipsets.

As for Intel's motivations, the company's web site states that “, [t)he purpose of
the agreements is to expand the product offerings and adoption of Intel-based mo-
bile devices in China and worldwide.”*® Since a new CEQ tool over at Intel in 2013,
the company has pursued an array of deals and strategies to ensure its chip tech-

136.Chao. C and A Hwang. 2014 "International smanphone chip vendors enhance development of tablet chips." Digi-
firmes, Qelober 21

137.Chen, M. and J. Tsai, 2014, “Intet aims to ship 25 million tabilgt processors in the second half of 2014°, Digitirmes,
August 26.

138.Lin, E., 2014, “Intet, Rockohip took te expand the xB86 presence in tablet AP market”, Digitimes, 22 September.

139. hitp_/inewsroom.intel comfcommunily/intel_newsroom/blogf2014/09/25/intel-and-tsinghua-unigroup-collabarate-
to-acceleraie-development-and-adoption-ol-intel-based-mabile-devices
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nology gets into more smartphones and tablets'4. Reflecting Brian Kizanich’s back-
ground in semiconductor fabrication, Intel ... has opened the chipmaker's prized,
cutting-edge factories to paying customers,”'*!

But apart from access to the thriving China market, [ntel's main motivation clearly
is to overcome its persistent weakness in the smarnphone chip industry, which is be-
ing dominated by ARM, Qualcomm and MediaTek. As Intel's design philosophy is
shaped by the needs of the PC market, it neglected the alternative design approach
in the mobhile IC design industry, which is based on system-on-chip design that pro-
vides "turnkey solutions”. Intel now seems to recognize that it could benefit from
partnering with Spreadtrum and RDA. After all, these two Chinese companies have
been early adapters of "turnkey solutions”, and they have learnt to sell an integrated
device template to smart phone vendors, who in turn have benefited through iower
production costs and faster turmaround times.

By the same token, the partnership with Intel could help both Spreadcitrurm and RDA
to reduce their dependence on ARM processors. As tong as they remain “me-too ARM
IC designers”, their profit marging will be limited, as ARM captures the largest share of
the value-added. According 1o industry observers, “...[w]ith Intel's architecture and tech
support, ... [Spreadtrum and RDA].. .will jump to the forefront and give Qualcomm, Me-
diaTek and [cther apps processor companies] a serious run for the money, "%

Finally, partnering with two leading Chinese mobile IC design companies, could
also provide Intel with new customers for its Custorn Foundry Group. At this stage,
this is mere speculation, as the Intel-Tsinghua Unigroup agreement does not provide
much details. Intel's300mm wafer fabrication line in Dalian, which was opened at
great fanfare in 2010 to produce 65nm chipsets for PCs and servers, is significantly
under-utilized. This by itself would provide a powerful motivation for Intel to include
foundry services in the agreement with Tsinghua Unigroup.

Mergers and Acquisitions Initiated from the Chinese Side

Proposed Acquisition of OmniVison Technologies
In August 2014, US camera sensor-maker OmniVision Technologies,a leading de-
veloper of advanced digital imaging solutions, has received a take-over bid from

Hua Capital Management Ltd {HCM), a Beijing-based investment management
company'?, As indicated in Part Two of the paper, HCM was chosen in June to

140. Intel's investment in Spreadirum and RDA comes less than six months afier Intel reached an agreernent with Chinese
chip maker Rockchip to make inexpensive tablet chips with Intel's architecture and branding. For details, see below.

141.Shih, G. and N. Randewich, 2014, "Intel o invest up to $1.5 billion in two Chinese mobile chipmakers”, hip:/fwww.
reuters.corn/article/2014/09/26/us-spreadtrum- m-a-intel-idUSKCNOHK29R20 140926

142 Yoshicla, ., 2014, “4 Reasons for Imiel's § 1.5 Bittion Bet in China”, EETirmes, September 26

143 Omnivision Announces Receipt of Mon-Binding Acquisition Proposal, hitp:/fwww reuters comdariclef201 408414/
ovti-acquire-proposal-idUSnPré3Cqkl + 88 + PRN20140814
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manage the sub fund for chip design and testing under the Beijing government's
30 billion-yuan (HK$37.8 bithion) Semiconductor Industry Development Fund.
Omnivision's stock price climbed by 14 per cent to just over $28 on the news. The
company’s board of directors said it was evaluating HCM's proposal. And on Sep-
tember 19, HCM has hired Bank of America to provide funding for its US$1.7 billion
bid for US camera sensor-maker OmnivVision Technologies'.

The proposed acquisition of OmniVision is the first example of how China’s Guide-
lines are being used to acquire a foreign company, with the intention of “making that
company Chinese.” in fact, Omnivision has strong Chinese roots, hence the chances
of success are considerable. In fact, OmniVision was co-founded by Hong Xiaoying,
a Chinese immigrant and current chief executive, and the company has Chinese and
Taiwanese managers among its senior ranks. The company had sales of US$1.45
billion last year, but has hardly grown from 2013. The company however has attrac-
tive technology with a wide range of applications, such as cars, mobile devices and
security equipment. In 2012, Omnivision was second placed among the top-three
vendors of CMOS image sensors that comprised Sony, Omnivision and Samsung
with 21, 19 and 18 per cent of the $6.9 billion market, respectively. Omnivision has
sunplied Apple with back-side Hlluminated CMOS image sensors for its iPhone and
has a design center and testing facility in Shanghai, China.

It that acquisition would go threugh, it could give a significant boost to China's
plans to upgrade its iC industry. The deal also would seem to address some of the
Leadership's security concerns. It is of course an open question whether this deal
will receive regutatory approval in the US, from CNIFUS and other relevant agen-
cies, as the deal may well raise security concerns in the US. According to USITO,
the OmniVision deal may be less significant technologically, but it may well be an
early herald of bigger more substantial foreign acquisitions down the road™:.

Acquisition of Broadcom Division?

Cn June 24, 2014, it was reported that the Chinese government was planning to take
over Broadcom's mobile baseband unit™®. These rumors however have not yet been
confirmed. The rumers probably emerged in response to an earlier announcement
by Broadcom that it is considering selling or shutting down its cellular baseband bu-
siness. After that staternent, industry sources reported that other companies such as
Qualcomm, Intel, and Taiwan's MediaTek were not interested in acquiring the business
unit because Broadcom's product lines are not complementary to their businesses.

144 "Hua Capital hires Bank of America for Gmnivision deal”, South China Morring Past, Septembier 19, 2014, hietp:/fwway.
semp.com/business/companies/aricle/ 1 595559/ hua-capital-hires-pank-amenca-omnivision-deal

145. USITO email to the author, dated October 23, 2014,

146, "China gowt 1o bid lor Broadcom celular unil - report”, June 25, 2014, hitp/fwww lelecompaper com/news/china-
gowt-1o-bid-for-broadcom-cellular-unit-report-- 1021572
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From China’s perspective, an acquisition of Broadcom's mabile baseband unit
would carry significant promises. Broadcom's activities, which include a strong port-
folio 3G and 4G chips as well as modem IP could help Chinese handset vendors
which are planning to build up their own in-house chipset platforms. China's technol-
ogy planners expect that the acquisition of Broadcom's business unit by the Chinese
government might enhance the semiconductor supply chain, and it may also reduce
China's huge demand-supply gap of ICs.

Broadcom's main goal is to expand its sales in China by making chips that sup-
port a wider range of handsets. Of particular interest are those handsets which run
on the network of the world's largest telecom carrier, China Mobile Inc., using the
Chinese Standards for 3-G and 4-G mobile communications’. Broadcom's strategy
is shaped by the assumption that demand will continue to rise for low-cost smart-
phones that work on China Mobile’s third-generation network.

An acquisition of parts of Broadcom's mobile communications chip business
thus might fit well with Broadcom's general strategy. In contrast to many US 1T firms,
Broadcom publicly states that it welcomes the recent spending by the Chinese gov-
ernment to bolster the domestic chip production and design industry. The underlying
rationale is that this might help to strengthen Broadcom's already quite close co-
cperation with Chinese companies such as Spreadtrum and SMIC. Broadcom also
acknowledges that it is in talks with Tsinghua Unigroup, the government-related fund
that has acquired both Spreadtrum and RDA.

At this stage, it is unclear why China's government has not proceeded to acquire
Broadcom's mobile baseband unit. Many theories are circulating in the investment
community, highlighting possible constraints, in terms of timing, sharing of intellec-
tual property, and lack of trust.

There is no deoubt that, if well managed, the strategic acquisition of foreign IC
design houses could help to address important weaknesses (there are aplenty!) of
China's still precariously weak |IC design industry. And even if strategic acquisitions
would face regulatory hurdles in the US, there are arguably other opportunities for
China to implement global knowledge sourcing strategies. For instance, ex- Nokia
teams in Finland and arcund the world {including in China) could be used as sources
of critically important intangible knowledge. The same may be true for engineers and
engineering teams from the former RIM/Blackberry, from the down-sized IC division
of infineon, and other such once important global companies.

China also may want tc consider other opportunities, such as cooperating with
leading centers of excelience like IMEC (in Belgium), the Holst Center (in the Nether-
lands), and other centers of excellence, for instance in Nordic countries.

In the end, China’s push to upgrade its IC design industry through M&A raises
of course a fundamental guestion: Does China have the managers who could make

147 Murphy, C. and P Mozur, 2014, "Broadcom Aims to Sell Chips Supporting All Chinese Telecom Carriers”, The Walt
Street Journal, March 20.
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these extremely demanding acquisitions and cooperation agreements work? And
are management approaches in place which could cope with the negative side ef-
fects of internationalizing the work force of Chinese IC design companies, as mani-
fested for instance in the substantial gaps in remuneration between domestic and
foreign engineers and managers?

China’s Growing Role in Semiconductor Mergers and Acquisitions

The Themson Reuters data base on mergers and acquisitions (M&A) in the semi-
conductor machinery and semiconductor and related device manufacturing indus-
tries (NAICS codes 333295 and 334413) provides some proxy indicaters of China's
growing role in semiconductor mergers and acquisitions™®. The afore-mentioned
ilustrative examples thus may well be quite representative.

First, M&A deals in which Chinese firms were targets, display a rising trend - out
of 225 such M&A deals between January 1, 2005 and September 30, 2014, almost
30% (65 deals) occurred in 2013 and the first nine months of 2014, Of those 225 M&A
deals,72% (161 deals) were transactions where Chinese firms were both the target
and the acquirer'®.

Second, China’s importance as an acquiring nation is on the rise - of the 196
deals that involved China as the acquiring nation between 2005 and end September
2014, 30% (59 deals) were closed in 2013 and the first nine months of 2014,

China also has gained in importance both as an acquirer nation and as a target
nation in the semiconductor industry. As an acquirer nation, China now is number 4
{with 198 deals), after the dominant US {901 deals), South Korea (402), and Japan
(231). And as a target for semiconductor M&A, China is now number 3 {with 227
deals), following the leading US (847 deals) and South Korea (416), but ahead of
Japan (210 deals).

Future research would need to deepen the analysis 1o include detailed case stud-
ies of deals, focusing especially on the role of top acquirers {for semiconductor firms,
as well as investor groups and government agencies.) Of equal importance will be
case studies of the role of Chinese firms, both as acquirers and as acquisition tar-
gets, and the impact of these deals on technology transfer, and the development of
absorptive capacity and innovation capabilities of the companies involved in these
deais.

148, | am grateful to Ed Pausa at PwC for sharing his analysis of Ihe Thamson Reuter dalabase.
140, There were B4 other fransaciinns where the acquirer was from a different nation including the US {16), Hong Kong
{10y, Singapore (5), and Japan {4}, et at
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3.6. How will China’s push in Semiconductors Affect its Exports of
Electronic Final Products?

An important challenge for China's industrial upgrading scenario in semiconductors
is the possible impact on exports of China’s electronics final products. Unfortunately,
there is little discussion of this critical issue in the publicly available Chinese policy
documents.

China's exports of electronic final products are of huge value and central to the
country’s trade and development, For 2013, the UN COMTRADE data base reports
China's ICT (=information and communication technology) exports (not including IT
services and software) as $599.7 billion, which is raughly 27% of China’s total goods
exports™. In other words, almost a third of China’s total goods exports are ICT prod-
ucts that are powered by semiconductors'™'. China thus relies on semiconductors as
an essential input of a large share of the products it exports,

As China still lacks a fully developed semiconductor industry, China depends on
semiconductor impaorts as an enabler of its exports of electronic final products. For
2013, again according to UN COMTRADE data, China's ICT exports are reported as
roughly 2.3 times the value of China's 2013 semiconductor imports ($261.3 billion).

Some observers in the U.S. suggest that China's new push to expand and up-
grade its semiconductor industry may actually undermine downstream users, j.e.
China-based semiconductor-consurning producers of electronic final products, and
hence may erode China’s export surpluses in the ICT industry™2. It is argued that, in
case China-based semiconductor consuming ICT goods vendors only had access
to locally produced chips, this might severely limit the quantity, type and quality of
chips they can design into their final goods, and hence might constrain performance
features of those final goods, and increase their cost. If these IC consuming com-
panies were foreign firms, this could motivate them to move to locations outside of
China where they would have unrestricted access to all the chips they need.

To succeed in global competition, semiconductar-consuming ICT goods vendors
based in China would need fast and unrestricted access to all chips that are avail-
able in the gtobal market. In this scenario, China’s new semiconductor policies may
only be able to change buying patterns if chips designed and fabricated in China are
superior in performance and price relative to competing products. The policy conclu-
sion drawn from this argument is that China’s new policies on semiconductors can
only work if they allow for “free and open markets and a level competitive playing fieid
in all markets.”

150. 1 am grateful to Falan Yinug of 1he U.S. Semiconductor Industry Association (SIA}, for sharing thase dala.

151. Other industries, like car and aircraft, are alsa large consumers ol semicanductors Hence, the role of semiconduc-
tors for China's tolal goods exports is significantly higher,

152. The following arguments are based on written comments fram SIA emailed to the author, dated September 26, 2014
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Chinese technology planners view these argurnents with considerable skepti-
cism. From a Chinese perspective, these arguments neglect the needs of a country
that is a latecomer to this industry. In this view, China first needs to develop gradually
a more integrated local industrial vaiue chain and firm-level capabilities, before it can
fulty reap the benefits of a more open, more transparent, and less discriminatory
market for semiconductors. Chinese technology planner acknowledge that, in the
short run, giobal technology sourcing (through imports of semiconductors, but also
through joint ventures, strategic partnerships or M&A) is necessary to accelerate
catching-up. They seem to be convinced, however, that forging ahead would require
the deveiopment of a domestic semiconductor industry value chain, as well as rel-
evant technology and management capabilities of Chinese firms.

Based on the findings of this paper, it is appropriate to highlight two caveats
that should inform assessments of China's policies to upgrade its semiconductor
industry. The first caveat is that China's new push in semiconductors should take
into account the need of down-stream, semiconductor-consuming industries. Moy-
ing to self-sufficiency in semiconductors not cnly is unnecessary. It simply would not
work, and it wouid defeat its purpose, as it would undermine the competitiveness of
downstream semiconductor-consuming industries. For China’s new policy on semi-
conductors to succeed, planners and policy makers need to step back and explore
possible unintended negative consequences far downstream user industries.

The second even more important caveat is that, thus far, thera is little research
on possible impacts of China's new semiconductor policy on down-stream user in-
dustries, China needs in-depth empirical research on how to balance the needs of
the semiconductor and its user industries. As will be argued below, the only way
to collect the necessary information is to move towards a bottom-up, market-ted
approach to “industrial policy”, and close interaction between the government and
private firms through multi-level industrial dialogues and public-private parnerships.
In order to do justice to the conflicting needs of stakehalders across the industrial
value chain, China clearly needs a substantially enhanced capacity for flexible policy
implementation.

3.7. Rising Uncertainty Requires Flexible Policy Implementation

The analysis of China's semiconductor industry upgrading scenario has shown that
global transformations in the semicenductor industry may facilitate China's effarts
to move from catching-up to forging-ahead in semiconductors. A second important
finding however is the precarious nature of these oppontunities — basic parameters
that determine how China will fare may change at short notice and in unpredictable
ways. Rising complexity of technology, business organization, and competitive dyna-
mics are the root causes for such uncertainty,

Today, innovation in semiconductors depends increasingly on science and on
interactions of multiple and very diverse stakeholders through geographically dis-
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persed innovation networks that extend the boundaries of industries and nations'.
For semiconductors, competition is centered on the increasingly demanding perfor-
mance features for electronic systems. Whether one looks at taptops, smart phones,
mobile base stations, medical equipment or car electronics, these electronic sys-
tems all need to become lighter, thinner, shorter, smaller, faster, and cheaper, as
well as having more functions and using less power. To cope with these demand-
ing performance requirements, engineers have pushed modular design and system
integration, with the result that major building blocks of a mobile handset are now
integrated on a chip.

Design teams alse need to cope with the accelerating pace of technical change.
Essential performance features are expected to double every two years, time to mar-
ket is critical, and product life cycles are rapidly shrinking to a few months. Only
those companies thrive that succeed in bringing new products to the relevant mar-
kets ahead of their competitors. Of critical impontance is that a firm can buitd special-
ized capabilities quicker and at lower cost than its competitors',

Arguably, the most important manifestation of rising technological complexity is
the convergence of ICT infrastructures for the Internet, wireless, and mobile com-
munications, and cloud computing that culminates in ubiquitous networks {or the
“Internet of Everything”)'®,

The root cause for these increasingly demanding requirements for technology
development is the emergence of a “winner-takes-all” competition model, described
by Intel's Andy Grove'®. In the fast moving ICT industry, success or failure is defined
by return on investment and speed to market, and every business function, including
R&D and standard development, is measured by these criteria.

Intensifying technology-based competition has provoked fundamental changes in
business organizations. No firm, not even a global market leader like Intel or Qual-
comm, can mobilize all the diverse resources, capabilities, and repositories of knowl-
edge internally.

Corporations have responded with a progressive modularization of all stages of
the value chain and its dispersion across boundaries of firms, countries, and sectors
through mult-layered corporate networks of production and innovation. The complex-
ity of these global networks is mind-boggling. According to Peter Marsh, the Financial
Times™ manufacturing editor, .. .[e]very day 30m tones of materials valued at roughly

153. For detailed analysis, see Ernst, D., 2005, "Complexity and Intemationalisation of Innovation: Why Is Chip Design
Moving to Asia?” in Internationaf Journal of innovation Management, special issue in honor of Keith Pavitl (Peter
Augscoerer, Jonathan Sapsed, and James Utierback, guest editors) 9(1) (March)® 47-73. See alsc Emst, D., 2009,
A New Geography of Knowledge in the Electromics industry? Asia's Role in Glabal Inniovalion Networks, Policy Studies,
no. 54 {Honolulu; East-West Center, August).

154, Kogut, B. and L.Zander {1993). "Knowledge of tha Firm and the Evolutionan-Theory of the Multinational Corpora-
tion", Journal of Internalional Business Studies 24 (4): 625-645,

155. For an analysis of the increasing complexity and diversity of global innovation networks, see Ernst, D., 2014, frade
and innovalion in Global Networks — Regional Policy Imphcations, EastWest Center Working papers, Economics
Series, No. 137, May, chapler wo.

156, Grove, A., 1996, Only the Parancid Survive, Coubleday
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$80 billion are shifted around the world in the process of creating some 1 billion types
of finished products.”*

While the proliferation of global production networks goes back 1o the late 1970s, a
more recent development is the rapid expansion of global innovation networks (GINS),
driven by the relentless slicing and dicing of engineering, preduct devetopment, and
research (Ernst 2009). Empirical research documents that this has further increased
the complexity of global corporate networks. GINs now involve multiple actors and
firms that differ substantially in size, business model, market power, and nationality of
ownership, giving nse to a variety of networking strategies and network architectures.

The flagship companies that control key resources and core technologies, and hence
shape these networks, are still overwhelmingly from the United States, the European
Union, and Japan. However, there are atso now network flagships from emerging econo-
mies, especially from Asia. Huawei, China’s leading telecommunications equipment ven-
dor, and the second largest vendor worldwide, provides an example of a Chinese GIN
that can illustrate the considerable organizational complexity involved in such networks'®®.

In short, rising complexity and uncertainty is the defining charactenistic of today's gloh-
at ssemiconductor industry. For China's policy to upgrade its semiconductor industry, flex-
ible policy implementation is required to cope with this rising complexity and uncertainty.

Uncertainty implies that it is always preferable to have built-in redundancy and free-
dom to choose among alternatives rather than seeking to impose from the top the “one
best way” of doing things'®. First, rising complexity drastically reduces the time avail-
able for policy formulation and implementation, which makes it practically impossible
to get solutions right the first time. There may have to be many policy iterations,
hased on trial and error, and an extended dialogue with all stakeholders to find out
what works and what doesn't.

Second, rising complexity makes it difficult to predict possible outcomes of any
particular policy measure, especially unexpecied negative side effects, of which
there is an almost endless variety. In fact, a small change in one policy variable can
have far-reaching and often quite unexpected disruptive effects on many other policy
variables and outcomes. To cope with this complexity challenge requires a capacity
for flexible adjustments in policies meant for instance to strengthen the absorpiive
capacity and R&D investment of Chinese firms.

157. P Marsh, “Marvel of Ihe World Brings Both Benefil and Risk,” Firancial Times, June 11, 2010, 7. For a detailed case
siudy of Ihe mulli-layered global preducton networks in Asa's ICT industry, see Ernst 2004 Yusuf QUP

158 The compary has pursued a two-pronged strategy {Ernst and Naughion: 2007): it is buikding a vanely of inkages and
alliances with leading global indusiry players and universities, while concurrently estabhishing its awn global innovation
network of more than 25 R&D centers worldwide. Huawei's own GIN now includes., in addilion to at keast sight RAD
certers in China, five major overseas R&D cenlers in the United States, and at least ten R&D centers n Europe (Emst,
2014 chapter Two). The choice of these locations refiacls Huawei's objeclive ta be close to major global centers ol ex-
cellence and to learn lrom incumbent indusiry leaders: Plano, Texas, is one of the leading LS. lelecom clusters inially
cenlered on Motorola: Kista, Stockholm, plays the same role lor Ericgzon and, to some degree, Nokia, and the link to
Bntish Telecom was Huawer's endry hicket into the exclusive club of leading global telecom operators.

153 Jordan, L.5 and K. Koinis, 2014, Flexible implementation: A Key fo Asia’s Transformation, East-West Center Policy
Studies series, No.70, March.
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And, third, it is next to impossible to predict the tull consequence of interactions
among an increasingly diverse population of both domestic and internationalt stake-
holders in China's semiconductor industry. Given the diversity of competing stake-
holders, the results of a particutar industrial support policy depends much more on
negotiations, gaming, and compromises than on the logical clarity and technical
elegance of that policy (Ernst: 2014),

Prioritization is no longer the exclusive role of the state planner. The focus of
policy-making thus needs to shift from the selection of priority sectors, technologies
and areas for public investment to the facilitation of “smart specialization”, defined as
“an interactive process in which the private sector is discovering and producing irfor-
mation about new activities and the government provides . .. fincentives and removes
regufatory constraints] . ...for the search to happen, assesses potential and empowers
those actors most capable of realizing the potentials."™®

Conclusions

To assess the findings of this study, it is useful to highlight that policies to develop the
semiconductor industry in China have experienced many changes over a relatively
short period of time. In the broad view of things. a progressive integration into inter-
national trade and global networks of production and innovation has transformed the
industry, with private firms emerging as major sources of growth, pricing decisions
and investment allocation.

Al the same time however, China’s policies to develop the semiconductor indus-
try still carry the legacy burden of the old top-down policy approaches. This study
documents that China's new policy to upgrade its semiconductor industry, as de-
scribed in the "Guidelines to Promote National integrated Circuit industry Develop-
ment”, does not represent a radical break with a deeply embedded statist tradition.
It retaing many aspects of the “old industrial policy”" doctrine, placing final control
over whatever changes might occur in the hands of the government, and, in the final
instance, the top leadership.

Within these boundaries, however, ithe study detects important changes in
the direction of bottom-up, market-led approach to industrial policy. The study
highlights a shift in the composition and governance of the IC Industry Support
Small Leading Group. It is now more common to have experts play an active role
in policy farmutation and implementation who have intimate knowledge both of
the international industry and the national policy circles.

180. QECD. 2013, Innovalion-driven Growth in Regions: The Role of Smart Specialisahon. Prefirminary Version, OECD, Par-
is. For the underlying concept of “smart specialization™. see Foray, D., 2014, Smart Specialisation: Qpporiunties and
Chaltenges lor Regional Innovation Policy Oppontunities and Chaffenges for Regional innovation Policy, Routledge.
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Equally important are potentially guite important shifts in the allocation cf in-
vestments funds. A closer look at the Beiljing IC Industry Equity Investment Fund
finds that the use of professional investment fund managers, as opposed to gov-
ernment subsidies or investment, signals a new approach to industrial policy that
focuses on building a strong and sustainable investment environment in China.
This does not imply that China’s approach to investment funding will converge
any time soon to a U.S.-style model of investment finance. More likely is the de-
velopment of a hybrid modet that seeks to combine the logic of equity investment
fund management with the objectives of China’s IC development strategy.

The study also highlights additionat examples of at least incremental move-
ments towards a more bottom-up, market led approach to industrial policy. For
instance, China's technology planners nc longer view global transformations in
markets and technology merely as threats. In this more assertive view, global
transformations are viewed as opportunities for China to forge ahead in semi-
conductors. The study has analyzed in guite some detail how China's new
semiconductor strategy seeks to identity upgrading opportunities for China's
semiconductor industry that could benefit from four global transformations: a)
the demand pull from mobile devices; b) new opportunities for China's foundries
in trailing-node semiconductor technologies; ¢) changes in the IC foundry in-
dustry landscape; and} a new interest in strategic partnerships and mergers and
acquisitions (M&A).

An important, largely unresclved challenge for China's industrial upgrading
scenario in semiconductors is the possible impact on exports of China's elec-
tronics final products. Research for this study did not find much discussion of
this critical issue in the publicly available Chinese policy documents. Despite
movements in the right direction, is would seem fair to state that the new Semi-
conductor Strategy’s capacity for flexible policy adjustments remains limited, and
that multi-layered industrial dialogues among key stakehoiders in the industry are
still at an early stage.

Finally, a defining characteristic of China's new Semiconductor Strategy is a
persistent tension and frequent vacillation between more statist and more bot-
tom-up industrial policies, To scme degree this reflects China's latecomer status
in this industry. But, given the tremendous progress that China has realized in
this industry, it is time to shift the focus of attention to domestic impediments
that are still constraining progress 1o a “new industrial policy” approach, which of
course wouid need to reflect and address the specific needs of China’s evolving
economy.

What Could Derail the Industrial Upgrading Scenario?

Finally, it is time now to address three larger issues, which might well derail China's
industrial upgrading scenario for semiconduciors. A detailed analysis is beyond the
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scope of this paper. Instead, an attempt is made to raise some specific questions for
future research.

Threat of Overcapacity

The first question addresses the ever present threat of overcapacity: Will China's
push to upgrade its semiconductor foundry industry create overcapacity like in the
solar PV industry and wind power? As is typical for China, the implementation of the
semiconductor policy is left to the local governments, As Lieberthal dermonstrates,
“...[t]he last three decades of reforms.. have greatly empowered the leaders... in
every province, municipality, and township to act in entrepreneurial ways to grow the
GDP of their locality every year.”®" Each Iocality is quite inward looking, and much
less concerned about national issues.

This has negative consequences. Most importantly, local governments have be-
come masters in producing over-capacity, due to misaligned incentives that are fo-
cused exclusively on the region's GDP growth. In addition, local protectionist policies
reduce the scope for scale economies and economies of scope. "Even with a very
large national market, many plants produce at suboptimal scale, and many invest-
ment decisions are made on the basis of political ¢criteria.” (Lieberthal (2011}: p.26)

This raises the question: Why should this be different for the semiconductor foundry
industry? Some observers argue that, unlike in the PV industry, technological barriers
and the huge minimum investment burdens may prevent over-investment in the IC
foundry industry. Future research needs to assess how realistic this argumeant is.

Cyber- Security

The second question asks: Will the Leadership's cyber-security objectives derail the
Industrial Upgrading scenario?

China's policy on information security seeks to protect China-based informaticn systems
against perceived threats o national and public security'®. The underlying strategic ratio-
nale provides an example of Susan Shirk's description of China as a “fragile superpower™ '

181 Lisberthal, K, 2011, Managing the Ctuna Chaflenge. How t0 Achieve Corporate Success in the Peopie's Republic,
Brookings Institution Press, Washingion, D.C page 21.

162. The foliowing draws on chapter two in Ernst, D., 2011, Indigenous innovation and Globalization: The Chaflenge for
China's Standardization Strategy, UC institute on Global Confict and Cooperation: La Jolla, CA and East-West Cen-
ter, Honalulu, Hi., 123 pages hitp:/fwww. EastWestCenterorg/oubs/3904 [Published in Chinese at the Univers ity of
Inkemnational Business and Economics Press in Beijing, 11 & S0l fa e v ik o B £R 821 k885 By ol 1 Bk ).

163. Shirk, 3.L., 2007, China: Fragie Superpower. How China's internal Poliics Cowld Derail fts Peacefu! Rise, Oxford
University Press, Oxtord etc
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There is a widespread concern among China’s leadership, especially in the military
and the Ministry of Public Security (MPS), that China is exposed to nontraditional and
asymmetric threats to national security. Information technology is viewed as a double-
edged sword. China's resurgence both as an economic and military power challenges
incumbent global and regional teaders. China’s leadership believes that Western IT
systems use product backdoors, system loopholes, and Trojan horses to steal China’s
national secrets, and to slow down China's rise as a global economic power's’,

China’s leaders also fear that persistent leadership in IT provides ample opporiu-
nities for "Western powers” to use export controls, control over technical standards,
and high licensing fees to stifle

China's development and force reliance on Western technology. As a latecomer to
the giobal race in information and communications technology, China has weak capa-
bilities in information systermn management, and there is a general lack of knowledge
and institutions that are capable of protecting China's critical information systemns.

To counter these threats, the China State Informatization Leaders Group (SILG),
a high-level Chinese leadership body, developed in 2003 China's Five-Year National
Cyber Security Strategy (SILG Document 27} to address threats to information systems
and networks through an indigenous national assurance system under finm domestic
control. Apparently this confidential document contains a comprehensive strategy, with
its priorities reaching just about every aspect of information security technoiogy.

In response to Edward Snowden disclosure of U.S. National Security Agency
(NSA) global surveillance practices in China and elsewhere'®, China's concern with
cyber-security receives prominent attention in the “Guidelines to Promote National
Integrated Circuit Industry Development”. The Guidelines argue that, in order the
Security and Reliabitity of ICT products and services in China, it is necessary to

a. "Promote the wide use and government procurement of “safe and reliable”

software and hardware, including IC.

b. Encourage telecommunications, internet and end-product companies to

make procurement decisions based on safety and reliability of products

164. A backdoor is a secret or undocurmented means of getting into a computer system. Mary programs have Gackdoors placed
by the prograrmmer to allow them 1o gain access to troubleshoot o change the program. Some backdoors are placed by
hackers once they gain access io allow themsetves an easier way in next irme of in case thewr onginal entrance is discovered.
A foophole is a weakness or exception that allows a syslem, such as a law of security, [0 be circumventad or atherwise
avoiced. Loopholes ane searched for and used strategically in a variety of crcumstances, including taxes. elections, politics,
the crminal justice system, or n breaches of security. The Trojar horse, Inthe context of cormpuing and software, describes a
class of computer Ihreals (mahvara) that appears 10 perlom a desirable tunction but in fact perfomns undisclosed malicious
functions thal allow unauthorzed access to the host machine, gving them the ability 1o save their files on the user's computer
or ever watch The user's screen and control the computer. Trojan viruses can be easily and unwillingly downloaded.

165. 4 study on the damage to America's [CT industry caused Dy NSA global surveillance practices concludes: “The
recent revelations about the extent 1o which the National Security Agency (NSA) and other U.5. law enforcement and
national security agencies have used provigions in the Foreign (nfelligence Surveillance Act (FISA) and USA PATRICT
Act 10 obtain electronic data from third-parties will likety have an immediate and lasting impact on the competitive-
ness of the U.S. cloud computing industry if foreign customers decide the risks of storing data with a U.5. company
oulweigh the benefits.” (Castro, D., 2013, How Much Wil PRISM Cost the (1S, Cloud Computing industry?, hitp://
www2 itif.org/2013-cloud-computing -costs.pdf .
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¢. Form industry standards system and develop safe and reliable capabilities in
emerging industries {loT, Big Data, cloud computing)”'ss

This raises the following questions for future research: Is the drumbeat on secu-
rity used primarily as a tactic to mobilize support for aggressive investment fund-
ing?'% Or is this focus on security an overriding concern for China's leadership that
will cast aside many of the afore-mentioned economic considerations? How seri-
ous in fact are potentially short-terrmn negative impacts? For instance, according to
some observers, much of the Chinese government is in gridlock, as no one dares
to start new initiatives in light of the renewed focus on Security (under the guise of
the anti-cofruption campaign). And, longer term, what would be the fate of China's
semiconductor industry, if security concerns would really sideline China's com-
mercial and industrial interests, and if China would indeed move back to creating
its own self-reliant system of semiconductor and information and communication
technologies?

Trade and Investment Agreements

Finally, a third question for future research would need to examine how new inter-
national and investment agreements might aifect China's efforts to upgrade its
semiconductor industry. A defining characteristic of today’s international trading
system is that plurilateral trade agreements are gaining in importance relative to the
gridlocked Doha round of multilateral trade negotiations'®. Exarnples are the WTO
Government Procurement Agreement (GPA), the Information Technology Agree-
ment {ITA), the Trans-Pacific Partnership Agreement (TPP) and the Transatlantic
Trade and Investment Agreement (TTIA).

Of immediate interest is the Information Technology Agreement (ITA)'. By re-
ducing barriers to trade that have not been adequately addressed in the gridlocked

166. Quoted from USITO, 2014, USITO Summary and Analysis - China IC Industry Support Measures, September t: p.5

167, Adter all, security concerns as a iactic 10 mobilize support for invesimend in R&D have been used in other couriries
belore, the US included.

168. In contrast to multilateral WTO agreements, where all WTO mermbers are party 10 the agreement, a plurilateral agree-
rment implies that WTO member countries have a choice o agree to new rules on a voluntary basis.

169. ITA went inlo effect in April 1997 with 29 World Trade Organization (WTQ) Member countries. Unlike other plurilateral
agreements, ITA provides "most favored nation”™ (MFN) treatment to all WTO Members, even if those countries have
not joined the agreement. Today, ITA has 78 WTO Members—236 are non-Organisation for Economic Co-operation
and Development (OECD) member countnes, and 35 of them are developing countries. They include significant
players in the elactronics industry (China, Taiwan. Malaysia, Thailand, and Vielnarn), and other countries, such as
Indita. Egypt, Indonesia, Phiippines, and Turkey, which have the poiential to become players. In its current form, ITA
provides zero tarifis lor 217 electronics products. The main product groups covered are computers, semiconduc-
tors. semiconductor manutacturing and test equipment. telecommunications eguipment, software, and scientrfic
instrurnents. (For details, see WTO. 2012, 15 Years of the Information Technology Agreement, Trade, Innovation and
(Global Production Networks. World Trade Organization, Geneva)
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Doha round, the ITA is widely expected to facilitate the diffusion of innovation in the
criticalty important information and communications technology (ICT) industry'™.

Proponents of ITA emphasize that developing countries, and especially Emerging
Economies, could reap significant gaing from trade for innovation from the ITA, as
tariff reduction will lower import prices, improve market access for exporters, and en-
hance competition'’?. China benefitted substantially from the first round of ITA trade
liberalization. During 2013, ITA members in Geneva were negotiating a possible sub-
stantial expansion of the list of products covered by ITA, the so-called ITA-2 round.
Since November 2013, these negotiations have stalled. The real sticking point re-
mained advanced semiconductors, the so-called MCOs (i.e. multi-component semi-
conductors), where China was adamant “that it will not accept tariff cuts "'

Throughout the 2013 ITA-2 negotiations, China has used a combination of delay
tactics and a slowly evolving strategy of co-shaping the design of an expanded ITA-
2. This reflects China’s over-nding concern to upgrade its semicenductar industry
through innovation and the development of generic technology platforms like MCOs.
However, ITA-2 without China would be an oxymoron. Not only is China the world
biggest srmartphone market,'” it is alsc by far the most important market for US
semiconductor firms'’4. As John Neuffer, senior vice-president of global policy at the
Information Technotogy Industry Council (ITIC) points out, “China has got to be part
of this. They are too big a player. You can't have an outcome without the Chinese."'™

In short, without China, ITA-2 negotiations are likely to remain stalled. Bold ac-
tion is required to avoid zero-sum game or even negative-sum game cutcomes and
resultant trade conflicts. Thus far, progress has been incremental. China has enough
resources to cope with the current stalermate of ITA-2 negotiations. But longer-term,
China needs progress in ITA-2 negotiations as much as the US. Without some sort
of compromise on these trade negotiations, it will be difficult for China to proceed
with its strategy of upgrading its semiconductor industry. If China would remain on
the sidelines of an expanded ITA-2 agreement, this could have substantial negative
impacts on China's prospects in semiconductors.

170, From a glotal welfare perspective, trade expansion could reinforce the diffusion of innavation, as argued in Curtis,
J. 2013, "Trade and Innovation™ Challenges and Policy Options.” Backgraund paper lor Expan Groug § meeting,
ICTSD, Geneva, 6-7 June.

171, For an oplimistic scenario, see for nstance Ezell, S, J. 2012, Boosting Exports, Jobs and Economic Growth by Ex-
panding the ITA. Information Techrology and Innevatian Foundation (TIF), Washington, DC, March, pp 8-9. For a
comparative analysis of India’s and China's experience with ITA, see Ernst, 0., 2014, The Information Technology
Agreement, Industrial Development and Innovation: India's and China's Oiverse Experiences, Think piece prepared
for E15 Expen Group on Trade and Innovation, hitp://e15initiative. org/wp-content/uploads/201 4/03/Dieter-Ernst pdf

172, "[TA Expanszion Talks Suspended Again, No Timeline for Resumplion Sel.”. inside US Trade. 21 Nov, 2013, hip//
insidetrade com/inside-US-Trade/ Inside-U. 5 -Trade-11/22/2013/a-expansiocn-talks- suspended-again-no-timeline-
for-resumption-set/menu-id-172.ktml .

173.Emst . D. and Naughton, B. J. 2012, "Global Technology Sourcing in China's Integrated Circuit Design Industry A
Conceptual Framewerk and Preliminary Findings.” East-West Center Working Paper Na. 131, Aug.

174 PWC. 2013, "China's Impact an the Semiconductar Industry, 2014 Lipdate " hitp/fwww pwe. comigefentechnology/
chinag-impact-on-semiconductor-rdustryindes jhirml.

175.Donnan, S. 2013, "Negotiators Nervously Eye China's Resistanca in 1T Trade Talks.” Financial Times. 19 Nov, hitp /¢
wwaw ft com/intl/crms/s/D/04560968-5112-1123-b498-001 ddfeabded himi#axzz2srbBkiM.
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In the end, there is hope that pragmatism will continue to prevail. As Brandels
University's Peter Petri observes, "China is not averse to intervening, but it has done
that against the background of a lot of liberalization. It's paying off."!7

176. Email to Ihe author from Peter Petn, 28 Jan 2014,
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Global Technology Sourcing in China’s
Integrated Circuit Design Industry

A Conceptual Framework and Preliminary
Findings’

Dieter Ernst and Barry Naughiton

Introduction

The study of “technology transter” has produced a rich and valuable literature, but the
term "technology transfer” can alsc be somewhat misteading. Technology “transfer”
puts the primary focus on the technology owners (or holders); the determinants of their
strategies; and the impact of these on "access to technology” by the recipient country.
We prefer instead to talk about “technology sourcing” strategies of technology-using
companies and countries that involve search, absoerption, learmning, diffusion, as well as
Innovations—especially incremental innovations—that convert ideas, inventicns, and
discoveries into new products, services, processes, and business models.

We apply this framework to China’s integrated circuit (IC) design industry and
examine the role of global technology sourcing, its drivers and impacts. IC design is
one of the priority targets of China's innovation policy, as codified especially in the
SElinitiative. At the same time, however, China's IC design industry is deeply integra-
ted into the vertically disintegrated global semiconductor industry, through markets,
investment and technology. The study of global technelogy sourcing in China's IC
design industry thus allows us to explore a fundamental challenge for China's inno-
vation policy: To what degree is indigenous innovation compatible with globalization?

Specifically, the paper contributes to the literature in the following ways: First, we
show that the process of global technology sourcing is changing in important ways
as it becomes possible to "source” technological services in an increasingly fine
division of the value chain, even compared to what was possible a few years ago.

1. Afirst draft of this paper has been presented at the international conference on China's High-Technology Trade and
Investment with Major Partners, cosponsored by SITC/University of California Institute of Canfiict and Coaperation
{IGCC) and the Stockhofm Inlernational Peace Research Institute (SIPRIY La Jolla, California, July 23 and 24, 2012,
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Second, the paper introduces a conceptual framework for analyzing the great variety
of technology sourcing arrangements that characterize a highly globalized industry
like IC design.

Third, the paper examines stages of chip design where global technology sourcing
is likely to be critical for Chinese fabless IC design companies. Fourth, a distinction of
different types of technology sourcing arrangements, such as licensing of inventions,
contractuat arrangements for fraining, knowledge sharing (e.g. the source code for IC
design, software and system platforms), as well as the development of applications
allows us to make some fresh observations about the nature of intellectual property
protection, standardization, global technology sourcing, and the innovation process.

The paper focuses on global technology sourcing in China's IC design industry
for wireless comrmunications. The paper proceeds from the general to the specific:
we begin with global trends and conclude with a description of the business and
technology strategies of three Chinese companies. Part One of the paper describes
the broad patterns through which globatization has transformed the distribution of
scientific and technical knowledge; explores possible effects on technology sour-
cing; and examines the tension between these global changes and China’s indige-
nous innovation policy. Part Two introduces a framework for analyzing the industrial
value chain of the semiconductor industry (with a focus on |C design), highlighting
the role of providers of EDA tools, design IP building blocks, fab equipment, and
materials, as well as foundry services and assembly and testing services.

Part Three identifies possible drivers of global technology sourcing. We focus on
IC design for wireless communications, one of the most dynamic industries in the
world, and arguably the most dynamic part of China’s country’s IC design industry.
We examine how changes in markets and technology create new strategic oppor-
tunities for Chinese IC design companies. We then explore multiple challenges that
Chinese IC design firms are facing when they attempt 1o upgrade and scate up their
operations in order to penetrate new markets for higher-end products and proces-
ses. In Part Four, we describe diverse approaches to global technology sourcing by
one Chinese smart phone vendor and two Chinese wireless IC design firms.

Part One - Globalization Transforms Technology Sourcing and this has
Implications for China’s Innovation Policy

Reflecting the globalization of markets and production, technology transfer in-
creasingly cuts across national borders and links technology owners and users in
countries that differ in their stage of development and in their economic institutions,
and hence in their capacity to absorb and develop technology. International tech-
nology transfer has long been characterized by two basic facts: First, despite an in-
crease in the geographic dispersion of R&D, scientific and technological knowledge
remains highly concentrated. Second, the commercialization of technology typically
imposes restrictions - legal and other - on the free communication of knowledge.
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Yet the conditions of international technology transfer are also changing fast: the
process of global technology sourcing is changing in important ways as it becomes
possible to "source” technological services in an increasingly fine division of the va-
lue chain, even compared to what was possible a few years ago. (We discuss these
transformations further below.)

The changes in the globai sourcing environment pose significant challenges to
China’s innovation policy. On the one hand, Chinese innovation policy since 2005
has strongly stressed the importance of “indigenous innovation.” While indigenous
innovation does not imply a closed-door approach to innovation, it lays heavy stress
on increasing domestic inputs into the R&D process and on developing locally-owned
intellectual property. Indigenous innovation was adopted as a policy in the Medium
and Long-term Plan for Science and Technology Development (2006-2020) [hereaf-
ter, MLF], which explicitly states that “experience shows that developed countries are
unwilling to transfer core technologies to China.” Thus, indigenous innovation was
promoted as a domestically controlled alternative tor developing core technologies
that are {asserted to be) unavailable on the international marketplace.

On the other hand, Chinese industry is deeply integrated into global industry. In
2011, toreign-invested enterprises produced 52.4% of China's exports. 44% of ex-
ports were produced under so-called “processing trade” arrangements, in which im-
ported inputs are assembled into exports, which is an index of China's high degree
of insertion into global production networks?. But China's integration goes far beyond
thig, since Chinese industry 15 linked to multinational corporations by investment and
cross-national research networks as well. Today, China is the largest 'net importer’
of R&D, and it is the third most important offshore R&D location for the 300 top R&D
spending multinationals, after the United States and the United Kingdom?® As a re-
sult, the share of China’s high tech exports by foreign-invested enterprises (FIEs)
rose from 79% in 2002 tc 82% in 20104,

It is true that through the present, China has typically participated in global pro-
duction networks by providing low-value assembly services that intensively use low-
cost labor. From garments to assembly of laptop computers, relatively low-wage
Chinese workers earn a small portion of the value of export products. Case studies
of particular preducts—strikingly including the iPhone—confirm that China earns a
small proportion of the value of sophisticated exports, often less than 5%°. Thus, con-
clusions based on data about the share of high-technology exports among China's

2. General Administration of Customs, PRC, "2011 Trade by Trade Regime,” accessed at hllp:/fwww.customs. gow.and
publish/portalQftab4 4604/ module 109000/info 353199 htm

3. Emnst, D, 2011 Testimony To the U.S -China Economic and Security Review Commission Hearing an China's Five
“fear Plan, Indhgenous Innovation and Technology Transfers, and Qutscurcing June 15, 2011, page 6

4. Congressional Fesearch Service, China's Econonmic Condition, June 2012, page 17

5. See, forinstance, Ali-Yrkko, J. et al, 2011, Who Captures Value in Global Supply China? Case Nokia N95 Smartphane,
ETLA Discussion Papers Mo, 1240, 28 February, The Rasaarch Instilute of the Finnish Ecanamy, Helginki
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exports are highly misieading {or even more so, about China's total high technology
exports in comparison to the high technology expoerts of the US)8.

Whether China's initial concentration in low-tech assembly and export proces-
sing means that upgrading is difficult or impossible is a question tor empirical re-
search, and much depends on conditions in individual industrial sectors. The close
ties with multinational firms and global markets suggests a path of technological
upgrading that would rely on close partnering with multinationals, development of
sub-contracting networks, and gradual “learning by doing.” To a certain extert, indi-
genous innovation represents a rejection of this technology development path, and
an assertion that only a stronger domestic effort can really succeed in developing
core technological capabilities. The fact that China’s technology planners are willing
to risk policies that may weaken the strong existing international links displays their
deep conviction that China is locked into a low-technology position in global value
chains that is difficult to break out of, and that global firms will not willingly share core
technologies. Thus, a fundamental challenge for China’s innovation policy is: To what
degree is indigenous innovaticn compatible with globalization?

It should be stressed that, intellectually at least, “indigenous innovation” policies do
not advocate closed-door innovation or technological autarchy. Global technology sou-
rcing and the integration of acquired technologies inte new technological solutions are
explicitly mentioned in the MLP as types of indigenous innovation. However, the plan
also sets as a target the increase in domestic R&D expenditures relative to expenditure
on technology impoert, which is unlikely to be compatible with a pure cost minimization
strategy. Mareover, the strong stress on indigenous innovation undoubtedly discoura-
ges firms in practice from deep partnership strategies. In any case, the actual outcome,
as Figure 1 shows, is that China has dramatically increased domestic cutlays tor R&D,
while expenditures for technology import have grown much more slowly. Between 2000
and 2010, domestic R&D increased by nearly a factor of ten (in dollar terms, converted
at exchange rates}, while technology import expenditures increased by about 40%.

6. For an analysis of the impact of fragmentation on trade statistics, see Stehrer, R. N. Foster and G. de Vries, Vafue
Added and Factors in Trade. A Comprehensive Approach, World Input-Output Dababase Working Paper # 7, April,
papes 1-22
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Expenditure on Domestic R&D and Technology Import
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The IC design industry exemplifies the ditermma that China faces. IC design is
one of the priority targets of China's innovation policy, as codified most recently in the
Strategic Emerging industries (SEY plan just published’. Moreover, Chinese techno-
logy planners have studied value chains enough to decide that the key to successful
planning is 1o nurture the development of every stage of the value chain. They believe
that the creation of an alternative Chinese 3G telecom standard, TD-SCDMA was a
success made possible by their decision to nurture base station producers, handset
manufacturers, telecom operators, and chip manufacturers simultaneously. Their
development strategy, then, assurnes the need to support domestic development
at every stage of the value chain, and this is explicit in the IC sector in the SEI plan®,

At the same time, however, China’s IC design industry is deeply integrated into
the global semiconductor industry, through markets, investment and technology.
China's integration into the global industry depends precisely on the vertical dis-inte-
gration of the global IC industry, including the IC design industry. The process of dis-
integration started decades ago, as the semicanductar industry re-organized around
so-called “fabless IC design companies” who sent their designs to be made into
silicon-based products at “pure play fabs” {IC factories). While a few of the largest
integrated device manufacturers, such as Intel and Samsung, continued to cormbine

FooOMBEE Pt BT W ARBRTER T e B R R R 8TA S0 (The State Council Notification on the Long-term
Development Plan for Strategic Emerging Industries during \he 12th Five Year Plan]. % (2012] 288 July 7,
2012,

8. For semiconductors, the initial goal was to " significartly increase the self-sufflcency ratio 1o over 70 percert far
ntegraled cirouits used for information and national delense security, and to over 30 percant for integrated circuits
used in communications and digital household appliances. . We should basically achieve self-sufficiency in the
supply of key products”. Mimstry of information Industry, August 29, 2006.
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IC design and manufacture {and thrive}, most firms moved to the disaggregated mo-
del. This dis-integration was also associated with a shift of the industry toward Asia,
as the most important pure-play fabs were in Asia, and especially in Taiwan®.This
tong-term dis-integration of the industry has recently accelerated, as we show later.

Recently, the whole vaiue chain related to mobile phone handsets has been trans-
formed, with the center of gravity moving to Asia, and especially China. For instance,
there are three times as many mobile handset subscribers in China as in the US
(more than 1 billion relative to 331.6 million)'®. China now accounts for more than
one sixth of the world's mobiie subscribers'. Most significantly, China has recenitly
emerged as the largest market for smart phones — with 22% of global smart phone
shipments in Q4 2011, China has now overtaken the US which accounts for 16%'2.

The recent further dis-integration in the semiconductor value chain has subs-
tantially reduced entry barriers for newcomers like Chinese IC design firms. As the
CEQ of one of the most important Chinese IC design companies recently told us,
“the availability of IC design tools, semiconductor fab services, and open-source
smartphone software [Android] allows Chinese firms to circumvent their weak spots
and develop their strengths in hardware, IC design, and integration."'?

In other words, fundamental changes in global end user markets for wireless
communication chips, combined with recent advances in the organization of the
global semiconductor industry have opened up new passibilities of an increasingly
fine division of the IC design value chain, One of these possibilities is the space
for Chinese firms 1o introduce new innovative and disruptive business models that
foster and reward significant innovation in IC design and systemn integration. This
raises a number of imponant questions that need to be addressed head on in cu-
rrent debates on China's innovation policy: Will intensifying competition during the
second half of 2012 generate a wave of such innavations ¢ break into the Chinese
telecom market? What forces could drive this emerging innovation push in China's
IC design industry for wireless communications? Is this innovation push sustainable?
How important a source for those innovations s global technology sourcing relative
to home-made inventions? And what are the implications for global issues relating to
intellectual property rights, standardization, and economic development?

To explore these issues we need to describe in greater depth how globalization is
changing technology sourcing in the IC design industry in general, and in IC design
for wiretess communications in particular. This paper is a first attempt to develop
such a research agenda.

9. Forthe sconomics of global vertical disintegration in IC design, see Emst, D, 2005, "Complexity and Internationaliza-
bion of Inrevation: Why is Chip Cesign Mowving to As1a%" International Journal of innovatian Managerment and Ernst,
D 2005, "Limits to Modutarity - Reflections on Recent Developrments in Chip Design”, industry and innovation.

10. CTIA, Novermber 2011

1. [TU, 2012

12, Canalys, Q12012

13. Authors” interviews in China's 10 design indusiry, June 21 10 July 2, 2012
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Il. A Framework for Analyzing Technology Sourcing in the
Semiconductor Value Chain, with a Focus on IC design

This part describes the participants in the semiconductor value chain, and their spe-
cific role as technology helders and technology users. [See slide 1] Of the almost 20
participants in the semiconductor value chain, the paper highlights the role of provi-
ders of EDA tools, design IP building blocks, fab equipment, and materials, as well
as foundry services and assembly and testing services. Drawing on our first round
interview notes, a few illustrative examples are described of technology sourcing
arrangements of Chinese IC design companies.

In a second step, we look at informaticon flows across the Semiconductor value
chain, and distinguish between information flows within the supply chain, and infor-
mation flows within the demand chain. This distinction allows us to bring into our
analysis as well OEMs and contract manufacturers, and possibly also distributors.
[See slide 2]

Participants in the Semiconductor Value Chain

Design
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(Silicon and
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f,rm’ ,,“ > IP=intellectual property, IDM= integrated device manufacturer, EMS=
electronics manufacturing service, ODM= original design manufacturer,
K VAR= value-added reseller.

Gartner, 2005.
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DesignFums

EDI (Elecironic Data Imter¢hangs)

We then shift the focus of our analysis to IC design. The following slide 4 presents
a typical chip design flow chart to distinguish stages of chip design all the way from
circuit design to fabrication, packaging and assembly and final system test and de-
bugging. We can use this flow chart to identify areas where Chinese IC design com-
panies need to engage in technology sourcing. [slide 4].

—  Circuit Design
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Slide 5 demonstrates how significant the scope is for technology sourcing across
all stages of the development cycle of an integrated circuit. The stide identifies 13 diffe-
rent types of IC design support services that Chinese IC design companies in principle
can contract out to external suppliers. These services can be provided by individual
specialized service providers, many of them located in Taiwan. Or, as indicated in slide
5, these services can all be consolidated in one IC design service package provided
for instance by a foundry like TSMC. The analysis will have to establish the pros and
cons of fragmented versus integrated provision of these IC design services.

IC Development Cycle Stages

Desgnsernce | MaskSenice, | Wale ABSenike _ Asimbiy st Senace

Desgn forlent® TestPrﬁarnDeveiupnmt
Concurrent Package Design Package Dev. Qualtcatn
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TSMC, 2012

Part Three IC design for Wireless Communications -Changes in
Markets and Technology as Drivers of Global Technology Sourcing by
Chinese firms

In order to identify possible drivers of global technology sourcing, part three provides
an analysis of the evolution of IC design for wireless communications in China, the
most dynamic part of the country's IC design industry. Not only is China the biggest
market for mobile handsets, with China Mobile being the world's biggest carrier by a
margin. Since 2011, China has also emerged as the biggest market for smart phones,
ahead of the US, and third generation (3G} mobile tetecommunications is finally ta-
king hold. in addition, massive investments are underway to accelerate the build-up of
China's 4G network infrastructure,

Together, these changes in markets and technclogy have created new strategic
opportunities for Chinese IC design firms to upgrade their product portfolios, process
technologies and business medels. To utilize this petential, and to develop effactive
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upgrading strategies will not be easy for Chinese firms, given their so far limited mana-
gement and innovation capabilities.

The analysis reviews the current status of China’s IC industry and discusses chan-
ges in markets and technology that are providing strategic opportunities for Chinese
IC design companies to expand their role in mobile handsets and especially smart
phones. We then explore multiple challenges that Chinese IC design firms are facing
when they atternpt 1o upgrade and scale up their operations in arder 1o penetrate new
markets for higher-end products and processes.

We argue that, in order to cope with those 'upgrading challenges’, Chinese iC de-
sign companies are forced to rely on global technology sourcing across the semicon-
ductor value chain. Our first found of interviews show that leading Chinese IC design
firms are all relying quite extensively on global technology sourcing. But we also find
very different approaches to global sourcing. To some degree, this reflects the current
state of experimentation — after all, these developments are very new. However, the
diversity of approaches may also indicate that there is no one-best way of arganizing
gicbal technology sourcing. This raises an important question for future research: Do
Chinese IC design firms in the wireless communications industry have discretion to
develop their own idiosyncratic forms of technalogy sourcing?

1. Current status of China's IC Design Industry

IC design has been one of the favorite poster childs of China's indigenous innavation
policy. And it certainly fared better than most of China’s semiconductor industry. Growing
frormn $178M in 2001 to $5.4B in 2010, IC design experienced a CAGR of more than 46%.
In fact, {C design was the fastest growing segment of China’s semiconductor industry'.
In 2010, China's IC design dollar revenues grew by 36%, exceeding the worldwide mar-
ket growth rate of 32%. In the same year, China's fabless |G design companies had a
share of 7% in the $748 worldwide fabless IC design industry — up from a 1% share
in 2001 and a 4% share in 2004.

Despite this rapid growth, Chinese IC design firms continue to play second fidd-
le. Insufficient size is an important weakness. In fact, the combined revenues of the
top ten Chinese IC design companies of $ 1.57 B is much lower than the individual
results posted by each of the top five global fabless companies’,

Key weaknesses that constrain the growth of China’s IC design industry include
a narrow focus on consumer products, especially low- and middle-end products
such as color TVs, sound systems, clocks, electronic tays, small home appliances
and remote controls. As iong as China depends on these mature and relatively stan-
dardized products, this will constrain China’s R&D and capability development in IC
design.

14. PwC 2011, China's impacl onihe semiconductor industry.
15 China's Fablessss Profile, EE Times Confidential Special Repont 2071
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In addition, while China's 1C design industry has improved its design capabilities,
it stilt lags substantially behind the US, Japan, Taiwan and Korea, in terms of pro-
cess technology and design line width. Furthermore, China lacks strong domestic
suppliers of EDA tools and software and domestic licensors of IC design-related
intellectual property.

China’s patent applications for semiconductors show that its innovative capacity
is improving, but China still has a long way {0 go to catch up with the US. China’s
share of worldwide semiconductor technoiogy-focused patents published each year
increased from 13.4% in 2005 to 21.6% in 2009 - and was forecast 10 reach 33% in
2011, More significantly, China's share of semiconductor patents that are being first
issued in China has grown from zero in 2005 and 2006 to 24.1% in 20091,

Among leading Chinese IC design companies are affiliates of China's leading
telecom equipment vendors Huawei (HiSilicon Technologies ) and ZTE (Shenzhen
ZTE Microelectronics); an affiliate of the Haier Group {Haier Beijing |C Design Com-
pany}; and Shanghai Belling (which until March 2010 was a joint venture with Alcatel
as the second fargest share holder with a 25.64% share). Of particular interest are
independent fablesss design companies like RDA {with a focus on RF ICs), Spread-
trum Cormmunications {(a supplier of chipsets of China's TD-SCOMA 3G handsets),
Nationz Technologies (SOC and RF design for information security telecommuni-
cation and consumer devices), and Availink (focus on digital TV, multimedia and
communications).

But even these Chinese industry leaders are well behind the global IC design
industry leaders. Take productivity. Of the five Chinese IC design companies that
were reported in the Global Semiconductor Alliance (GSA) Global Financials Report
in 2008, only one, Spreadtrum Communications with 674 employees, had a sales per
employee productivity level that was more than one-third that of the GSA's worldwide
183 fablesss company 2009 average of US$475,000 per employee'’. The company
achieved sales per employee of only U3$156,000 in 2009, up frorm US$141,000 in
2008,

in short, China's IC design industry still has a long way to go to catch up with the
ieading IC design industries in the US, Japan, the EU, Taiwan and Korea. There is no
Chinese IC design company in sight that might be able to challenge current global
industry leaders. China's persistent innovation gap in IC design implies that Chinese
firms continue to need access to foreign technology. Hence, global technology sou-
rcing across the semiconductor value chain is of critical importance for reaping the
strategic opportunities that current changes in markets and technology are creating
in wireless communications.

16. Derwent Worldwidie Patent data quoted in Ernst. D, 2012, China's Pasition in the Global Sermconductor Value Chain
- St Playing Second Figdie?, manuscript, Easi-Wesl Cerar, Honolulg

17, Global Semiconducior Alliance (GSA), 2010, Global Semiconductor Financial TRACKER htlp /fwww.gsaglobal.arg/
login_special asp?redirect=/publications/financials 0904 ndex asp
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2. Strategic Opportunities in the Wireless Communications Market

Since the bursting of the Internet bubble at the turn of the century, wireless communi-
cations is an industry in turmoil, with tectonic shifts in markets and technoiogy.

Here are a few proxy indicators that demonstrate the tsunami-like character of
these changes'®. In 2012, Total Global Maobile Revenues have reached $1.5 Trillion,
over 2% of Global GDP. Mobile Operator Profits have more than doubled over the last
10 years. However, the wealth is not divided evenly, with Asia's share having tripled
at the expense of Europe whose profit share has declined by 50%.

By the end of 2011, the global mobile subscriptions exceaded 6 Billion, The first 1
billion took over 20 years and this last one took only 15 months. The primary growth
drivers are India and China which are cumulatively adding 75M new subscribers
every quarter. China became the first country to eclipse the 1 billion mark in March
2012, India is tikely to arrive at the milestone by early 2013.

However, while mobile subscriber growth is fastest in Asia, revenue growth still
remains focused on the US. In 2011, the US accounted for only six % of worldwide
naw mobile subscriptions. Yet, in the same year, the US reported 219% of the global
service revenues, 26% of the mobile data revenues, and 27% of the global capital
expenditures. Despite the growing importance of Asian markets, the US market con-
tinues to matter. especially for the higher-end and more profitable market segments.

Of particular importance for IC design is that mobile devices are now exceeding
traditional computers in unit sales and revenues. In 2011, for instance, 1,551.4 M hand-
sets were sold worldwide {compared to 355.2M computers), up 14% compared with
2010. And the share of smart phones in global handset sales has increased now to
32%, up from 18.3 % in 2010. Most impertantly, China is now the largest rmarket for
smart phones — with 22% of global smart phone shipments in Q4 2011, China has
overtaken the US which accounts for 16%®, With global smart phone shipments of 146
million, this means that 32 million smart phones have been soid in China during Q4
2011. As aresult. the size of the Chinese smart phone rmarket is now large enough to
enable minimum economies of scale and scope for leading Chinese IC design firms.

In addition, entry barriers to IC design for wireless communications are drastically
declining, as vertical specialization has penetrated deeper and deeper into the glo-
bal semiconductor value chain. As shown in part Two, fablesss IC design companies
in China can now source technelogy and managerment support services from mul-
tiple sources, but especially from providers of IC design building blocks, EDA and
testing tools, and foundry services. For instance, the availability of design IP building
blocks through ARM and many other companies like for instance Tensilica, enables
Chinese IC design firms companies to reduce their R&D investments which allows
for a substantial reduction in their overheads. Chinese fabless IC design companies

18, Sources include aulhor's interviews, Mobithinking.com; Portica Research Mabile Factbook 2012; ITU: Canalys:
Sirategy Analytics; iSuppli; McKinsey; PwC: and Gartner Dataquest.
19. Canalys, Q12012
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can now better focus on speed-to-market and reduce R&D cycles, enabling them to
respond faster to the required yearly changes in IC design.

Furthermore, China-based fablesss IC design companies can source comple-
mentary intellectual property and management capabilities through the acquisition
of competitors. Prominent recent examples that we observed during our June 2012
China interviews, include RDA's acquisition of Coolsand, and, most impaortantly,
Mediatek's acquisition of M-Star™.

A particular important enabling factor for the entry of Chinese IC design firms
has been the emergence of open-source smart phone software. This enables Chi-
nese IC design firms to concentrate on hardware design first, before developing
and catching-up in software design capabilities.In the first quarter of 2012, Google's
Android mobile operating system took almost 77% of China's smart phone sales?’.
Al the same time, the availability of mature and inexpensive chip set solutions provi-
ded by Taiwan's Mediatek has furthered lowered the entry barmers, enabling China's
whitebox {"Shanzhai") makers to penetrate into China's thriving budget smart phone
market. This has given rise to a renaissance of China’s Shanzhai sector, but this time
the facus is on incremental innovations in low-cost smart phones.

As aresult, a local ecosystem for budget smart phones is emerging that links IC
designers, OEMs and Chinese custormers {see slide 8). The primary focus is on the
China market, and but increasingly cther Asian emerging economies are becoming
important targets.

Grey Market Mobile Phone Supply Chain

oSuning
+T30030
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Source: Siang Zhang

20, While bath MediaTek and M-Star are Tawanese companies, thewr prirmary tocus is the China market. The authars’
future research will examine possible wmphcations of these acquisitions for giobal tachnology ourcing.

21, Android's rapid rise has been at the expense of Nokia's Symbian operating system which in the first quarter of 2011
stil accounted {or amoest 43% of China's smart phone sales, but fell 1o less than 12 % in Q1 2012 A further sign of
Nokia's decling in the China market is that it reduced its China workforce by 50% inJdune 2012,
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In short, fundamental transformations in the wirgless communications industry
have had important implications for the geographic location of fablesss wireless IC
design. Following the pull of Asian markets, especially in China, there has been a
move of such activities to Asia, and this has changed quite dramatically the global
competitive landscape in this industry. Until only a few years ago, fablesss wireless
IC design was dominated by around 20 companies, 10 from the US, 6 from Euro-
pe and and 4 from Japan®. Today, four leading companies in the US?? compete
against a growing number of new contenders from Asia (outside of Japan), with
one European company (ST-Ericsson) and cne Japanese company (MegaChips®)
left in the top global 25 list. As shown in slide 7, 8 of the top 25 fablesss IC suppliers
in 2011 were from emerging Asia (with two from China). And ranked by growth, 10
companies from emerging Asia were among the top 25, with one Chinese company,
Spreadtrum, displaying by far the fastest growth rate during 2011 (slide 8).

2011 Top 25 Fabless IC Suppliers (SM)
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& | ] -3 Mvidia u.s 3181 24678 1% 309 10°%
-] 4 [ ] Marvel .5 2,090 3,581 k% 3. &4l A%
L ] L] & TiedlaYek Tahran T | 3 I % 1 -
1 ? T b { T u.s 1,69 2,311 % 2.289 2%
[ ] [ ] 10 [ARwra us 1184 1.984 3% 2,004 %
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10 10 11 A asa 1,167 3% 1,341 13%
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13 | 18 | 16 |csm Ewrope 501 an1 X3% [ 5%
14 12 [ ] ST-Ericason’ E urope 1.283 1.148 % | )2 ~2B%
18 14 16 | Menikek Tabor et 18 704 16% | 742 |
L1 7 1Y IEon Chera 1 [{}] 1% LA L2
17 27 &7 | Spreadtrum Ciwra 108 348 230% 474 %
] | 1% 1% (PMIC.Slarra us 494 38 2% [ 12 ] e
1 18 14 | Mirnax Toewan [ 1 =] 543 -T% 531 X%
20 3] _— E ur 0 (1] MiA 40 ]
#+8 lee — P |
22 22 21 Sicon Labe u.s A1 484 1% 433 %
13 F 20 | MegaChips Japan 2403 3ar -24% A58 AN
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*Represents the 50% share not accounted for by 5T,
Source: Company reports, IC Insiahts Strategic Reviews Database

22 US: Qualcomm. Broadcom, Skyworks. Tl Freescale (ex-Motarola). Silicon labs. Agere. L3I ADI, Intel; Europe: NXP
{ex Philipg), STM. Infineon, Wavecom, TTPeom, Ericsson: Japan' NEG. Matsushita, Fujitsue, Rengsas

23, Qualcomm, Broadcom, Marvel, Intel {through acguisition of Infineon’s wireless fabilesss I design division)

24. Mega Chips is part of the Kawasaki Microelecironics, ine. group.
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2011 Top 25 Fabless IC Suppliers Ranked by Growth Rate (SM)
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*Reprasents the 50% share not accounted for by 5T,
Source Company reports, I Insights Strategie Reviews Database

2. Upgrading Challenges and Emerging Strategies

Chinese IC design firms are facing multiple challenges in their attempts to scaie up,
and to broaden and upgrade their IC design portfolio. It is useful to distinguish exter-
nal and internal upgrading challenges. The former reflect fundamental transforma-
tions in the global wireless communications industry while the latter indicate limited
technological and management capabilities of Chinese IC design companies.

Today, carriers and OEMs everywhere are requiring system-level integration on
a chip in order to cope with the increasingly demanding performance requirements
for electronic systems. At the same time, carriers and OEMs require drastic cost re-
duction of chips, and substantial improvements in the efficiency of their energy con-
sumption. While these requirements are not new, the intensity of these requirements
for chip design have substantially increased.

Over the last few years, the convergence of digital computing, communication and
consumer devices has produced electronic systermns that all strive to become lighter,
thinner, shorter, smaller. faster and cheaper, as well as more muiti-functional and less
power-consuming. Essential performance features of mobile devices are expected to
double every year or so, time-to-market is critical, and product-life-cycies are rapidly
shrinking to a few months. Hence, time compression is essential in designing chips for
such systems - chip design cycles of months or years are no longer acceptable.
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At the same time, there is growing pressure 1o improve design productivity. A
widening productivity gap between design and fabrication has been a primary driver
behind these changes in design methodology. While the praductivity of semicon-
ductor fabrication has seen a 58% compounded annual growth since the 1980s,
the productivity of chip design has lagged behind, with only a 21% compounded
annual rate. There is also an important time dimension to this gap, as rapid technolo-
gy change shortens product-life-cycles. Manufacturing cycle times are measured in
weeks, with low uncertainty. However, design and verification cycle times are measu-
red in months or years, with high uncertainty. In the end, the design productivity gap
reflects a growing mismatch between process and design technology -- the number
of available transistors has grown faster than the ability to design them meaningtully.
Miniaturization has resulted in chips of nano-meter feature size - with the current best
practice process technology moving below 22nm. As a result, it is now possible to fa-
bricate millions of transistors on a single chip. The resultant increase in design com-
plexity must be matched by a dramatic improvement in design productivity, which
requires significant changes in design methodalogy and organization.

Scaling-up s of the essence, in order to reap both economies of scale and eco-
nomies of scope. Economies of scale are necessary to reduce the unit cost of each
chip design. Economies of scope are at teast equally important, as Chinese IC de-
sign firms now must address multiple market segments simultaneously. In wireless
communications, Chinese IC design firms must sustain leadership in the lower-end
feature phone markets which provide them with an important cash cow. At the same
time, Chinese IC design firms must also penetrate new markets for higher-end pro-
ducts and processes. Economies of scale and scope are also necessary, as Chinese
IC design firms must respond to integrated solutions “bundling” strategies of global
market leaders with their own integrated "bundiing” solutions.

Adding further to these upgrading challenges, Chinese IC design firms must ad-
just their strategy and organization in a competitive environment that is characteri-
zed by market consolidation through M&A and strategic partnerships. An equally
important challenge results from shrinking margins due to unanticipated disruptive
technical change which reflects the rising complexity of wireless communication te-
chnology and its markets and its industry structure.

Arguably the most important challenge for upgrading and innovation strategies of
Chinese IC design firms in wireless communications is that intellectual property has
become a critical determinant of campetitive success — 21% of all patents granted
inthe US in 2011 are related to wireless communications®, What matters in particular
is the persistent concentration of patent ownership, with China still being a marginal
actor.The top 20 global patent leaders in mobile communications control one third
of the overall mobile patent pool. China's leading telecom equipment vendors have
increased their international patent applications — in 2010, ZTE was No.2 in WIPO's

25  Derwent Worldwide Patent Data Base 2012
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Patent Cooperation Treaty (PCT) Applications, and Huawei was No.4%. However, ng
other Chinese company is among the top 100 applicants, and China keeps lagging
way behind the US in terms of the overall volume of wireless communications patent
applications,

The gap is even larger for patents that are essential for the new 4G LTE wireless
communications standard. A recent study shows that Nokia, Qualcomm, Samsung
and Ericsson have built the strongest LTE patent portfolios while also taking a leader-
ship position in future LTE technologies? . In addition, the recent acquisitions of the
patent portfolios of Nortel and Motorola Mobility at $ 4.5B and $12.5B respectively
have given Apple, Microsoft, Google and RIM a strong position in patent ownership
of LTE technology.

China’s position in LTE essential patents is still very weak. Of the 3,107 patents
and pending patents declared as essential for the LTE standard by the ETSI in Sep-
tember 2011, Huawei had 116 (i.e. 3.73 % of the total)and ZTE 84 ( 2.7 %) such
patents - hardly enough to compete on an equal footing.

To cope with the above upgrading barriers, Chinese IC design companies need
to introduce in a timely manner new product and process technologies. But Chinese
IC design companies are facing fundamental challenges in their attempts to expand
their in-house R&D. The low margins that Chinese IC design companies can reap in
their cash cow markets for feature phone handsets are limiting the funds avaitable
for in-house R&D. While smart phone markets are now increasing in importance,
much of that market in China will be for low-cost budget smart phones, which again
may lead to low and sometimes even razor-thin profit margins. In addition, IC design
companies are under tremendous pressure to respond quickly to new technologies
and abruptly changing demand patterns. This implies that in-house R&D is not a very
practical option, as it would take too much time.

Finally, as newcomers to the wiretess IC design field, Chinese IC design firms face
serious problems in gaining "design-ins”. First-tier handset makers typically prefer
proven designs by leading IC design companies, like Qualcom, rather risking the
success of their handsets with largely unproven designs from Chinese firms. In short,
global technology sourcing is a must for Chinese IC design firms if they want to scale
up and upgrade quickly into more profitable higher-end products and processes.
Our interviews show that leading Chinese IC design companies are heavily relying
on glebal technology sourcing.

26. WIPQ Patenl Data Bass. WIPO's Patenl Cooperation Treaty {PCT) provides a unified procedure for filing patenl ap-
plications to protect nventions in each of its contracting states,

27, Anicle One Partners, 2012, LTE Standard Essential Patents Now and in the Future, hitp //newslsiiers articlecneparn-
ners.comynews_4296e045-¢fdc-f819-¢332-181a6d22012LTE% 205 1andard % 20Essential%20Patents %20Now%20
and%20in%20the%20Future_AOQPpdf
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IV. Diverse Approaches to Global Technology Sourcing - Preliminary
Findings from Interviews with one Chinese Smart Phone Vendor, and
two Fabless Chinese IC Design Companies.

It is most striking that the leading Chinese designers of ICs for handsets have res-
ponded to this opportunity with dramatically different business and technology
strategies. Each of these business strategies depends on a particular approach to
global technology sourcing, which in turn is tailored to that business strategy®®. While
the business strategies are very different, they imply that the companies will be in
intensified competition with each other as the market for smart phones in China ex-
plodes; as low-cost smart phones hit the market; and as feature phones with smart-
phone like features are developed. Differences in strategy, combined with a huge
and rapidly growing market, may make it possible for many of these firms to thrive
simultaneously by occupying slightly different market niches. However, the firms are
very aware that they are coming into increasingly direct competition with each other,
and that it is very likely that only a few of these companies will survive, and the others
will be washed away by the force of competition.

A simplified breakdown of business strategies of three of the leading firms is as
follows:

Xiaomi [“Millet"]. Xiaomi is sometimes called the "Apple of China” because of
its stylish, multi-colored, powerful smart phones. The title is not precise, but it gives
a flavor of Xiaomi's strategy. Xiaomi's business strategy relies on being first to mar-
ket with a fast, high quality smartphone that is affordable. Selling smartphones for
RMB 1,899—a price which, given discounts and various other pressures is being for-
ced down toward 1,499—the company has quickly established a market presence
among consumers in big cities®,

Gleobal sourcing: Uniguely among our respondents, Xiaomi uses top quality com-
ponents from global firms, including Qualcomm processors, memory from Sam-
sung, and Sharp screens. Then, Xiaomi's engineers do everything else in houss,
including integration of these components, hardware design and software design
and integration. In addition, Xraomi's strategy, like many firms in China, is founded
on availability of the open-source Android OS from Google. Xiaomi is the most reliant
of global technology sourcing of all the companies we visited.

28. Future research will explore, for a larger sample of Chinese IC design companies, the pasaible implications of their
heavy use of design tools and design IR

29. Recalf lhat in China, unhke In the US, phone carriers do not generally subisidize handset prices by bundling them
with fong-term service contracts. Most Chinese consumers are used to paying full price for handsets, meaning that
a new model iIPhone sells for about 5,000 AMB. At the current exctiangs rate of 6.3 BMB to Lhe daollar, this means
an iPhone sells 1or almest $800. while the Xiaomi was introduced at $317, and ts now avallable for $238. To be able
to buy a good guality smartphone lor $200 and plug it into cheap, flexible networks {including cheice of different
payment arrangements) is something American consumers can only dream of.
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Discussion: Xiaomi's strategy is centered around the conviction that control of the
software interface provides the greatest long-run profit opportunity. Thus, their stra-
tegy is to forgo hardware profits in order to establish a dominant postion as provider
of internet services through software superiority, which can be monetized later. Xiao-
mi has some very innovative practices, including posting weekly software updates
cnline, and soliciting user comment, enabling super-fast tweaking and optimization.

RDA. RDA is following a strategy that is in some sense the most “traditional”
late-comers catch-up strategy. RDA produces chips that are cheaper, and while not
as advanced as the cutting-edge producers, they provide excellent features and
functionality for price. Moreover, they are able to work with customars to provide a
high level of integration ameng components and customized solutions. RDA has a
large market share in China with inexpensive handset producers, including so-called
shanzhai producers, and those that export inexpensive phones to developing Asia
and Africa. RDA first established itself with a good quality, cheap Bluetooth chip, and
developed capabilities from there. The format acquisition of Coolsand in February
2012, completed the process of RDA developing its own baseband chips, which in
turn enables them to offer packaged solutions®. RDA with Coolsand shipped their
first baseband chips in 2011 and are now number 3 in the GSM baseband chip
market after Mediatek and Spreadtrum. They will have a 3G baseband chip in the
first half of 2013, allowing them to support the smartphone market, but later than
Mediatek or Spreadtrum.

Global sourcing: RDA's strategy of cost minimization requires an exceptionally
careful and focused global technelogy sourcing strategy. The price of global tech-
nology matters to RDA a great deal, as they must minimize totai non-recurring costs.
RDA licenses a great deal of IP including prominently ARM cores and the core |P for
wifi. They work closely with ED suppliers such as Synopsis. However, these are far
from “turn-key” operations. RDA licenses blocks of IP and then encourages their
engineers to invest substantial time and effort to understand that IP Engineers are
encouraged to prototype early, producing a chip which the company then debugs
itself. Faster prototyping leads to quicker learning. The cost of sending tape-outs
(prototypes) to the fab is considered good value for the rapid learning it produces.
RDA is not dependent on global foundries, since it is currently designing at 60 nm
{and has products using from 110 to 55 nm), 80 they are able to use a range of
foundries, predominantly within China.

30, From Wikipedia: "A baseband processor {BP} is 3 devica {(a chip or part of 3 chip) in a network interface that man-
ages all the radio functions {all functions that require an antenna). This may not Include wi-fi and/or bluelooth. It typi-
cally uses its own RAM and firmware. The rationale of separating the baseband processor from the main processor
{known as the AP or Applicahan Processar) s threefold (1) radio cantrol functions are highly timing dependant, and
require a real time Operaling Systern;  (2) fegal: some autharities require that the entire communications software
stack be certified Separating the BP into a diflerent component allows reusing thern withaut having ta certify the full
AP, (3) radio reliability: Separating Ihe BP into a different cornponert ensures praper radio operation while allowing
applicaton and 05 changes Baseband processors typically run a real time gperaling gystem written in firmware.
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Discussion: RDA's strategy relies on access to cheap, well-trained engineering
talent. These engineers have graduated from Chinese universities, and RDA willingly
takes on the task of providing them with real-word experience. Through intensive use
of domestic engineering talent, RDA engages in exceptionally rapid cycles of proto-
typing and new product development. This has ailows rapid catch-up in capabilities
and a sustained growth in market share at the low end of the end market.

Spreadtrum (zhanxun). Spreadtrum is a rapidly-growing mid-size firm that has
a large share of the TD-SCDMA market in China. Following a path initially bla-
zed by Taiwan firm Mediatek, Spreadtrum aims to provide a turnkey platform that
combines baseband and RF (radio frequency) chips, along with all the relevant
associated software solutions (including protocol stack, SW plattorm, and mul-
timedia and internet interfaces). Beginning as a low-cost copycat of Mediatek's
comprehensive solutions for low-end feature phones, Spreadirum has followed a
remarkable process of technolegy leapfrogging, moving rapidly to implement near
leading-edge process technology, which has enabled it to offer feature-rich phones
and move rapidly into the smartphone era. A key milestone came in October 2010,
when Spreadtrum engineers successfully prototyped a 2.5G integrated chip solu-
tion using 40 nm process technology, which provided the basis for a 95% increase
in sales in 2011. The company is now planning for a transition to 28 nm process
technology during 2012,

Global sourcing: Spreadtrum is a major user of global technology resources.
Spreadtrum has greater resources than RDA 1o spend in acquiring IP cores and
design blocks from globai suppiliers such as Synopsis. The ability of Spreadtrum
to efficiently access and utilize these resources is a key part of its success. Even
more striking, though, in Spreadtrum’s case, is the close cooperation with Taiwan
Semiconductor (TSMC) which has enabled Spreadtrum to shrink the gap with
the process technology global frontier. According to Spreaditrum’s own account,
TSMC prioritizes cooperation with two fablesss IC design companies in telecom,
and these are Qualcomm and Spreadtrum. TSMC cooperation is alleged by com-
petitors to have been a key enabling factor in Spreadirum’s astonishing success
in skipping a generation and successfully prototyping—on the first try—a 40 nm
integrated solution (baseband +) in 2010. Subsequently, this sustained relative
advantage in process technology has given Spreadtrum the abitity to move to new
performance levels as it can producer smaller more efiicient chips with a greater
range of capabilities.

Discussion: Spreadtrum’s strategy places it squarely in the center of the emer-
ging Chinese market for smartphones, and particularly those based on TS-SCD-
MA, in which it is dominant. In current market conditions, Spreadtrum has been
able to consclidate and expand its presence in a wide range of market segments,
extending from mid-tier feature phones, through the new smart phone market, and
up ta current development of phones that will provide multi-mode functions in the
future 4G LTE markets. During the second half of 2012, Spreadtrum is ramping up
sates of true 3G smartphone chips, and expects to sell 15-20 million.
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Conclusions

This paper highlights a fundamental challenge for China's innovation strategy: How
can China reconcile its primary objective of strengthening indigenous innovation
with the benefits that it could reap from its deep integration into international trade
and into global networks of production and innovation?

As vertical specialization disintegrates the global semiconductor value chain,
latecomers like China can now "source” technaological knowledge and services from
a growing variety of sources. We demonstrate that global technology sourcing is
necessary for the success of the upgrading strategies of Chinese wireless |C design
firms. We also highlight stages of IC design where global technology sourcing is of
critical importance, and describe the great variety of technoilogy sourcing arrange-
ments that are emerging in this industry.

The paper explores how tectonic shifts in the global telecommunications indus-
iry provide new entry pessibilities for Chinese IC design firms. An important finding
1s that disruptive changes in the global semicenductor value chain that started with
seemingly small discrete steps can completely upset the existing competitive order.
We show how entry barriers were driven down when Mediatek of Taiwan introdu-
ced inexpensive system-con-chip solutions, enabling China’s whitebox ("Shanzhai")
makers tc penetrate into China's thriving budget smart phone market. This dis-
ruphon is about to happen again, as China belatedly enters third generation (3G)
mobiie telecommunications, and prepares its foray into fourth generation (4G) te-
chnologies. The result is intensifying competition, with dormestic and global players
rushing te bring out new chips, and pushing the envelope on process technology.
This process culminates in the development of new hybrid business models that
rely heavily on global technology sourcing.

These findings have important policy implications. They support our argument,
advanced a few years ago, that innovation in China progresses in areas that escape
the attention of both pessimists (who emphasize China's weak innovation capacity)
and proponents of an emerging new technology superpower®. This paper shows
an innovative China that is deeply integrated into gloebal production and innavation
networks, uses sophisticated global technology sourcing strategies; and quickly res-
ponds to changes in the global division of fabor. And Taiwan plays an important role
in many of those technology-sourcing links.

Global technology scurcing describes a small but important segment of China's
inncvation system that is very different from the government-sponsared innavation
of the strategic emerging industries and “indigenous innovation.” These two faces

31, Emst, D and B. Maughton, 2008, “China's Emerging Indushial Economy — Insights from the (T Industry”, in C
WcNally, editar. China's Emergent Paltical Econamy - Capitalism in the Oragon’s Lair, Foulledge. Miltan Park and
New York: and Ernst, D., 2008, "Can Chinese IT Firrns Develop Innovative capabilities within Global Knowledge
Metworks?", in HS. Rowen, M.G. Hancock, and W.F Miller, 2008, China's Quesl far Indepeandent Innovation, Sho-
renstein Asia Pacific Research Center and Brookings institution Press
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of "innovative China" coexist, but so far with little interaction, This raises an impor-
tant question for China's innovation strategy: 1s China adequately accounting for the
unintended costs of “indigenous innovation”, and can China combine the benefits of
both innovation strategies?
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Toward Greater Pragmatism?
China’s Approach to Innovation and
Standardization’

Dieter Emnst
Why China’s Approach Matters

Only a few years ago, China's approach to innovation and standardization barely
played a role in international economic diplomacy. With its economic power on the
rise, that assessment has changed dramatically. Today, China's innovation palicy
and its perceived threat to American innavation and competitiveness is a hot topic
in L.5.—-China economic relations, adding to contentious disputes about exchange
rates, trade, and foreign direct investment. Standardization, as well as intellectual
property rights and government procurement, are at the center of this conflict.

As the United States and China display fundamental differences in their levels of
development and in their economic institutions, they pursue different approaches to
standards and innovation policy. The U.5. consensus is that market forces and the
private sector should play a primary role in innovation and standardization. China, on
the other hand, relies much more on the government to define strategic cbjectives
and key parameters.

Limited Convergence

In the United States, there is a widespread expectation that further reforms of China's
standards system will “naturally” converge to (almost) full compliance with a U.S —style,
market-led, voluntary standards system. That expectation can be found, for example, in

1 This anicte was onginally published as Dieter Ernst, “Toward Greater Pragmatisrn? China's Apprroach to innavation
and Standardization, SITC Palicy Brief 18 {La Jolla, CA KGCC, August 2011} The Sludy af Innovation and Technol-
ogy in China {SITC) is a project of Ihe University of California institute on Global Conflict and Cooperation. The mate-
rial is based upon work supported by, or in part by, the LS. Army Research Laboratory and tha US Army Research
Cffice Ihrough the Minerva Iniliative under grant #W31TNF-09-1-0081. Any opimans, indings, and conclusions or
recommendations expressed i this publication are those of the authar(s) and do not necessarnty reflact the views
of the U5, Arrmy Research Labaratory and the U.S. Army Research Office.
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the American National Standards Institute’s “United States Standards Strategy,” which
proposes a "universal application of the globally accepted principles for devetopment
of global standards” based on the U.S. voluntary standards system'.

China's evolving system provides little evidence that convergence to the Ame-
rican system is likely to materialize. When Chinese reformers argue for a transition
to a more market-driven standards system, they empbhasize that the government
will continue to play an important role as a pramoter, enabler, and coordinator of an
integrated standards and innovation policy.

China’s leaders ars committed to indigencus innovation as the key to ending
poverty and to accelerating China’s catching up with the United States, European
Union, and Japan. Indigenous innovation is considered essential not just for moving
beyond China's precarious export-oriented growth model. At stake is the survival
of the system. Chinese leaders understand that export-led growth can no longer
guarantee rapid gains, hence they place all their bets on indigenous innovation as a
catalyst for industrial upgrading.

Conflicting Perceptions

China's indigenous innovation policy and its entry into the global standards game as
a contender has raised concerns in the United States that this may erode American
leadership and hasten the decling of the U.S. economy. The U.S. government consi-
ders China’s innovation policy to be "discriminatary,” implying that this policy s used
as a trade-distorting ploy to challenge American supremacy in the global knowledge
economy?. The U.S. Chamber of Commerce claims that China's innovation palicy
" restricts the ability of American companies to access the market and compete
in China and around the world by creating advantages for China's SOEs and state-
influenced champions, ... [and has] ... the potential to undermine significantly the
innovative capacity of the American economy in key sectors ... "

China’s standardization strategy is viewed in the United States as a critical weapon
of China's nec-mercantilist policies to keep American companies at bay. The U.S.
Information Technology Office {(USITO), which represents the U.S. information and
communications technology industry in China, observes “a clear trend to promo-
te indigenous technology which is developed outside the international standards
development system."* And for the chair of the National Academies Committee on

Armerican National Slandards Institute. United States Standards Strategy (New York: ANSI, 2005).

2 Commerce Secretary Gary Locke, as quoted in "ULS., China Begin Talks an inngvation Trade Cispute,” at hitp /fwww.
reuters com/assets/pnnt?aid=USTRESSJ6S0201 00720,

3. Testimony by Jeremi Waterman bedore the U.S. International Trade Commission Hearing on “"Chma: Intellectual Prop-
erty Infringement, Indigenous Innovation Policies, and Frameworks for Measuring the ERects on the U.S. Econormy”
[Investigations 332-514 ancd 332-519), June 15, 2010,

4, UBITO, "Written Comments to the U'S. Governmenl Inleragency Trade Policy Staff Committee regarding China's

Compliance with its Accession Commitments to the World Trade Crganization (WVTO)," 2008,
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Comparative nnovation Policies, China's standardization strategy “raises serious
guestions of WTQ compliance,” as it promotes "[t]he creation and application of
a large number of national standards in China, as opposed to the use of existing
international standards.”®

Perceptions in China are very different: "Among Chinese industries and scholars,
there is deep frustration with the U.S —China standards discussions and distrust in
the sermon-style arguments propagated by the United States ... the disputes bet-
ween the United States and China on ICT standards and the overarching issue of
IPRs in standardization still remain unsclved. The situation may actually be waorse in
the sense that both sides have noticed the difference but continue to head in their
own directions.”® China's leadership considers the American critique of its innovation
policy to be unfair and hypocritical. and suspects that the United States is trying to
contain China's rise.

China’s Strategy

in response, according to the Standards Administration of China (SAC), China see-
ks to upgrade its standards system to i) lessen the “control of foreign advanced
countries over the PRC.” especially “in the area of high and new technology”: and
i) increase the effectiveness of Chinese technical standards as important protective
measures or barriers to “relieve the adverse impact of foreign products on the Chi-
na market."” SAC adds that China’s standardization strategy needs to fill a policy
vacuum, as its accession commitments to the WTO have substantially reduced the
use of most other trade restrictions such as tariffs, import quotas, and licensing re-
quirements.

China's efforts to develop a unified standardization strategy are focused on these
priorities:

Fostering economic development remaing critical, with the result that the state
will continue to play an important role as a promoter and coordinator of an integrated
standards and innovation policy.

Standardization should help to reduce the cost of licensing essential patents for
both Chinese manufacturers and consumers. Access of foreign companies to Chi-
nese standards development organizations should create a quid pro quo: Foreign
companies can participate in technical committees in exchange for technical contri-
butions, including disclosure of essential patents and acceptance of fair, reasonable,
and non-discriminatory (FRAND) licensing conditions.

50 4 A W W "The Direction of China's Trade and Industriat Policies,” testimany before the House Ways and Means

6. Baisheng An, "Intellectual Property Rights in Information and Communications Technalogy Slandardization: High-
Profile Dispules and Potential tor Collaboraten Between the United States and China,” Texas International Law
Journal 45 (2008): 195,

7. SALC. "Study on the Construction of National Technology Standards Systermn,” Sept. 2004, preface and part |, sach. [V,
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A defining characteristic of China's standardization strategy is to use standardiza-
tion as a platform for indigenous innovation.

“Enterprises” are encouraged to be the “main players in formulating standards.™®
This leaves open the question of what role, iIf any, fareign enterprises are to play. An
important objective, however, is to use homegrown standards to develop innovative
“national ieaders” and to protect domestic industry.

Standardization should focus on priority sectors and should reflect sector specific
requirements®.

Effective standardization requires a complernentary set of certification and conformity
assessment regulations, such as the Computsory Certification scheme (administered by
the China National Certification and Accreditation Administration) and the regulations for
telecommunications (administered by the Ministry of Industry and Information Technolo-
gy) on Network Access Licensing and on Network Access Identification. These confor-
mity assessment regulations are essential for controlling access to the Chinese market.

Standardization should take a decentralized approach, in order to reduce the
urban—-rural gap and to encourage dispersed local industrial development.

As a latecomer to standardization, China should pursue a dual-track strategy that
combines the adoption of international standards with the insertion of indigenous
innovations into domestic and international standards.

The role of the voluntary standards should substantially increase, “where the need
for standards comes from the market, enterprises are the main drafters of standards,
and the impiementation of standards relies on the market mechanism.”"?

QOutward Chinese foreign direct investment should be facilitated through the pro-
motion of Chinese standards practices and processes in overseas markets.

China's roie in international and regional standards development organizations
and consortia should substantially increase, enabling Chinese enterprises and re-
search institutes to move from being standards takers to become standards co-
shapers and ultimately standards setters in some areas.

Diversity of Stakeholders and Fragmentation
In principle, a unified national standardization strategy has important advantages. it

facilitates the quick mobilization of resources for massive investments in standardi-
zation infrastructure. Clear and uncontested objectives can facilitate rapid learning.

8  PingWang, Yivi Wang, and John Hill, “Standardization Sirategy of China: Achievemeants and Challenges,” East-West
Center Working Faper. Economics Series No. 107, January 2010, 8.

9 Note, however, that the list of the "eight key arsas for standardizabon” 15 quite comprehensive, and covers most
sectors ol the Chinesa economy This comprehensiveness indicates the daunting challenge faced by China's stan-
dardization stralegy. as il sl tacks a nighly dwersified produchon and inngyvation system.

10, Wang, Wang, and Hill, “Standardization Stralegy of China,” 5.
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In addition, a unified sirategy makes it easier to create nation-wide markets based on
a single mandated standard.

However, implementing this demanding strategy in China will not be easy. From
the outside, China's innovation policy presents a homagenous picture of a top-down
“model of nec-mercantilist state developmental capitalism.”' Hence, implementa-
tion constraints should be limited, once the leadership has given the go-ahead. But
that picture fails to capture the surprisingly fragmented Chinese innovation system,
which invoives diverse stakeholders with conflicting interests. Like most latecomers,
China’s innovation system is constrained by multiple disconnects: between research
institutes and universities and industry; between civilian and defense industries; bet-
ween central government and regional governments; and between different models
of innovation strategy™. In fact, standardization in China today is a hybrid system.
The government remains in charge as the main driver and final arbiter of China's
standardization strategy, yet the diversity of stakeholders have increased.

This has resulted in a fair amount of diversity in the definition and implementation
of strategic goals. However, this diversity of approaches is overwheimingly restricted
to central and local government agencies. Industry and especially private firms and
final users continue to play a limited role. China's government documents on stan-
dardization all emphasize "openness, transparency, and impartiality.” But as China
has no tradition of an independent “civil scciety,” standards-making bodies, industry
associations, research institutes, and consumer arganizations all remain dependent
on the government.

Instead, local governments act as pace setters for a more decentralized approach,
establishing local standards as a constituent building block of the overall standards sys-
tern. Ploneered by the Shenzhen government in 2007, the governments of Shanghai,
Beijing, Jiangsu, Zhejiang, Shandong, Henan, and Shaanxi have all issued their own
local standardization strategies. On the positive side, these strategies are presumably
better customized to the specific reguirements and capabilities of the industrial sectors
in their respective localities, and to the regions’ level of economic development and the
needs of their citizens. The potential advantages of decentralized self-government are
weil-established in theories of innovation and organization.

There is, however, a negative side te Chinese-style diversity. China's standards
system is overly complex and displays signs of fragmentation. Ambiguity is a fun-
damental source of such fragmentation. Key concepts are loosely defined and often
differ from the definition of these concepts in other countries. Even China's definition
of “standards" deviates from the definition used in the United States, which focuses
on voluntary consensus standards.

1. AW Wolff, China's indigenous Innovation Policy, testimany pefore the LS. China Economic and Securily Reviaw
Commigsion Hearing on China's Intedectual Property Rights and Indigencus Innovation Falicy, Washington, D.C.
May 4, 2011, 3.

12. Creating university-industry inkages has been the tocus of many Chinese allempts ta refarm its innowvation systam.
More recently, attempts are under way to address 1he other disconnects, but so far with mixed rasults,
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There is also typically a lack of clarity about the boundaries and the division of labor
between competing national, industry, ministry, and provincial standards. Equally im-
portant sources of fragmentation are inter-agency rivalries and turf battles among diffe-
rent ministries and their respective stakeholders. These inter-agency rivalries reflect the
conflicting interests of major Chinese stakeholders in innovation and standardization.

Stakeholders

There are four main groups of stakeholders who seek to impose somewhat con-
flicting objectives on China’'s standardization strategy and, more broadly, on the
country’s innovation policy.

China's export industry is a strong supporier of compliance with WTO com-
mitments. This position reflects China's deep integration into global corporate
networks of production and innovation®. Support for greater compliance with inter-
nationat standards alsoc comes from leading Chinese ICT firms that have accumula-
ted a critical mass of intellectual property rights, like Huawei, ZTE, Lenovo, and Haier.
Huawei, China's leading telecormnmunications equipment vendor, is now the third lar-
gest global player in this industry. A broad portfolio of essential patents in important
technologies {such as nexi-generation mobite communications and convergence of
fixed and mobile networks) has established this company as a serious ptayer in the
development of architectural and radical innovations™.

A second group of stakeholders emphasizes the need to improve China's ab-
sorptive capacity in order to benefit from foreign technology through strengthened
dormestic capabitities. Equally important objectives are to reduce the cost of patent
licensing fees paid on foreign technology and to reduce China's dependence on
foreign technology overall. Strong support for develaping China's indigenous inno-
vation capabilities can be found in public research institutes, in SOEs in China's
priority industries (such as the Strategic Emerging Indusiries initiative), in parts of
the domestic high-tech industry that seek to take domestic market share away from
multinational corporations, and in parts of the defense and space industry. This coa-
lition of domestic stakeholders supports, for example, policies on patent licensing for
standards that seek to reduce the costs of licensing foreign patents.,

A third group of stakeholders are "copy-cats” that seek to retain space for low-
cost reverse engineering, unauthorized copying, and opportunistic incremental inno-
vations. Typical of this type of successiul low-cost innovation are no-name shanzhai
{unlicensed) handsets that are estimated to have at least a 40 percent share of the

13. A good proxy indicalar lor China's inlegrahon inte: global production networks 15 that toreign-invested enlerpnses
dominate China's manufaciured exports. They accoun lor 58 percent of China’s lotal expors, and more than B8
percent of its igh-technolagy exports.

14 Essenlial patents are frequently quoied in other patent ilings, and hence shape lechnology trajecionies Patents are
also called essential when it is not possible 10 comply with an internalional standard without infringing Ihose patenls
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Chinese handset market. The main thrust of these stakeholders is to prevent a mo-
dernization of China’s laws and regulations on IPR, including any reform of China's
patent law that would reduce the role of utility model patents.

Fourth, China's defense industry and top planning institutions like the National
Development and Reform Commission seek to broaden the space for developing
mission-oriented, complex technology systems (space, military, energy, environ-
ment, climate). These stakehoiders view information security and certification regula-
tions as a critically important policy tool of China's innovation strategy. They fear that
China's critical information networks provide an easy "target of attack, sabotage, and
terrorism by hostile forces and elements.”’> A strategic assumption is that control
over standards and a strong Chinese information security industry are necessary to
protect China's information networks's.

Toward Greater Pragmatism?

it is difficult for outsiders to assess which of these four stakeholder coalitions has
most leverage in shaping decisions on China's inngvation policies. A detailed analy-
sis of recent developments of China’s innovation policies finds a fairly consistent pat-
tern of response to foreign complaints'. In the first round, government regulations
start out with requirements that exceed established internationat norms, This typically
gives rise 1o a wave of criticism from foreign enterprises and business organizations,
and also from Chinese companies that have established a significant position in the
international market and that have begun to accumulate a broad ponfolio of intellec-
tual property rights. In response to this criticism, the second round then leads to ad-
justments in government regulations that combine a selective retaxation of contested
requirements with persistent ambiguity.

This raises the question of what will happen in further rounds of negotiation. In
the run-up to the 18th Party Congress, there are signs that Chinese policymakers are
moving toward more dogmatic positions on economic policies, political ideclogy,
internal control policies, and geostrategic and foreign policy positions. It is unclear
whether the shift toward greater degmatism is a temporary tactical move dictated by
internal power struggles. Some observers see a growing role for security considera-
tions in China's innovation policy.

15, Comments by Vice Mimster Lou Cingpan, Ministry of Information Industry, at the 2006 BOAQ Forum, at hitp /www.
boastorum.org/AC2006/vgE asp, accessed July 6, 2010.

16, For a delailed analysis of China’s policy on infarmation security standards and certification, see Dieter Emnst, fndrg-
enous fnnovation and Globalization: The Challenge for Ching's Stanciardization Strategy (La Jolla, Ca: UC instinule an
Global Conflict and Cocperation and East-West Center, 2011), chap 2.

17. Ibidl., chap. 4. This is true for China's delinition of products that contribute ta indigenaus innovation, the revision of
government procurement reguiations, and new regulations for patents included in standards.
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Or can we expect, once the Congress is over, a gradual strategic shift to grea-
ter openness and transparency to meet China's needs for foreign technology and
the requirements of its deep integration into the global economy? There is reason
for cautious optimism that Ching’s innovation and standards palicies will gradually
move towards greater pragmatism. As a specialist on Chinese law puts it: "As Chi-
na pursues the upgrading of its economy, there will be more debate over policies
on technology development. The very tentativeness with which indigenous innova-
tion has been pursued may be a hopeful sign that continued dialogue may bring
about adjustments of measures that are deemed protectionist.”® Another expert’s
assessment is that, when push comes to shove on implementation of China's inno-
vation policy, "the most rmercantilist elements are regularly rebuffed, and given the
array of interests in favor of 2 more open innovation strategy, that pattern is unlikely
to change.™*

Policy Implications

To conclude, both China and the United States have much to learn from each other
as they each face their own innovation imperatives. While they compete in global
markets, both would benefit from cooperation on science, technology, and innova-
tion to solve the challenges of economic growth, better and lower-cost heaith sys-
temns, and a greener environment. Given the importance of both countries in the
global economy and for geopolitics, it is striking to see that such cooperation re-
mamns as yet quite limited.

There is ample scope to extend such cooperation beyond the exchange of scien-
tific knowledge and to include the exchange of ideas on how to develop and upgrade
the innovation and standardization systems of both countries, While China's inno-
vation policy has been a success, at least in quantitative terms, the United States
is stiil far ahead in overall innovation capacity. China's persistent innovation gap im-
plies that Chinese firms continue to need access to American technology, whether in
terms of equipment, core components, software, or system integration. This implies
that China's innovation push will create new markets for American firms, provided
they stay ahead on the innovation curve.

Implementing such cooperation faces many hurdles. These partnerships need
to be on an equal footing, with reciprocity of rights and obligations on contentious
issues such the right balance between the protection of intellectual property rights
and China’s interest in technology diffusion.

18. Stanley Lubman, "Changes to China's 'Indigencus Innovation' Policy: Don't Get Too Excited,” China ReafTime Re-
port, July 22, 2011, 3.
19, Seoll Kennady, "Indigenous innovalion: Not as Scary as It Sounds, " China Econormic Quarterly (Sept. 2010}, 19, 20.
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Establishing such reciprocity between countries at different stages of develop-
ment will not be easy. While incumbent industry leaders seek to retain the status quo,
latecomers like China seek to adjust the oid rules to reflect their interests. Progress
toward adjusted rules of reciprocity should be possible, once the United States and
China accept that while their economic and inngvation systems are different, they are
deeply interdependent.

China, for example, ought to acknowledge that the United States needs safe-
guards against forced technology transfer through policies such as compulsory li-
censing, information security standards and certification, and restrictive government
procurement policies, The United States, in turn, needs to acknowledge that Chinese
firms feel disadvantaged by restrictions on Chinese foreign direct investment and on
the export of so-called dual-purpose technologies to China. The United States also
needs to engage more actively with Chinese concerns about issues such as the une-
qual distribution of benefits that result from the current rules of patent licensing and
the role of essential patents in critical interoperability standards.

To move toward greater reciprocity, it is necessary to increase the level of trust.
While this is not easy, given deeply entrenched fears in both countries, creative incre-
mentalism through “learning-by-doing” can help to move things forward.
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Trade and Innovation in Global Networks —
Regional Policy Implications

Dieter Ernst

Overview of topic and why it is important

This Think Piece explores how integration into international trade through global networks
of preduction (GPNs) and inngvation (GINs) might affect a region’s innovation capacity.
Policy debates typically focus on three specific channels through which trade
could strengthen a region's innovation capacity: i) imports, FDI and technalogy li-
censing, and i} learning-by-exporting would both expose the region to foreign tech-
nology and intangible knowledge as a source of product and process innovation.
In addition, tiiy competition may reduce monopoly rents from innovation and create
pressure to increase productivity'. It is argued that, for these gains from trade to ma-
terialize, the following policies must be in place:
« Trade liberafization through tariff reduction would lower import prices, improve
market access for exporters, and enhance competition,
= Abusiness environment that encourages private investment through the provi-
sion of "political and macroeconomic stability, quality of regulation”, and the
provisicn of infrastructure, R&D capacity and a skilled workforce®,
= Effective inteflectual property legisfation and enforcement is necessary to en-
able knowtedge diffusion and external knowledge sourcing.

These policy prescriptions continue to shape debates about trade and innavation.
A fundamental assumption is the existence of certain preconditions and capacities
that are not always present in every region. In fact, recent research has convincingly
demonstrated that the success or failure of trade liberalization is determined by the
econornic structure of a country or a region {i.e. its institutions and policies, its mar-
ket size and sophistication, and the managerial and technological capabilities of its

1 Kiriyama, M., 2012 Trade and innovation: Synthests Report, OECD Trade Polcy Papers, No 135, OECD, Paris, and
Cnodera, O, 2008, Trade and frnovation: a Synthesis Paper, OECD Trade Palicy Waorking Paper No 72, August 7.
2. Somewhat contusingly, Kirivama {2012, p 5) uses the term “absorplive capacity” (o describe the key fealures of an
investment-Triendly business erwironment. For a precise definilion of "absarpitive capacity”, see below
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firms}*. In addition, integration into gecgraphically dispersed global networks of pro-
duction {GPNs) and innovaticn (GINs) may also significantly aftect a country’'s or a
region's approach to and its experience with trade liberalization. These two parame-
iers — a region’s economic structure and its global network integration — encom-
pass what might be called domestic determinants of gains from trade for innovation.

As regions across the globe are progressively integrated into those global net-
works — some certainly more than others — these regions are all faced with a fun-
damental challenge: How might progressive integration of its firms into GPNs and
GINs affect learning, capability development and innovation? Will network integration
unlock new sources of industrial innovation? Or will it act as a poisoned chalice that
wilt sap and erode the region's accumulated capabilities?

There is nothing automatic about these processes, and they cannot be left to
market forces alone. To cope with market failures identified many years agc by Ken-
neth J. Arrow?, appropnate pclicies need to be in place to develop absorptive capa-
city and innovative capabitities, both at the firm level and across the industry.

Support policies for lacal firms will be required. And, as emphasized by Greg Tas-
sey substantial investments are needed in "human science and engineering capital”
and “innovation infrastructure.™ An important objective is to improve the efficiency
of a nation's innovation systems and to reduce the risks of innovation through “more
comprehensive growth policies imptemented with considerable more resources and
based on substantive policy analysis capabilities™s. Aimed at upgrading a country's
or region's innovation system, such generic support continues to matter.

There is however a growing consensus that effective innovation policy in a world
of ubiquitous globalization has to move, as Rob Atkinson puts it, "beyond simply
supporting factor conditions that all firms can use; it has to go inside the “black box”
of the firm to help firms and key industries thrive.™

Part One of the paper tays out the Policy Challenge that ubiquitous globalization
Imposes on a region's innavation capacity. Part Two presents illustrative examples of
how “ubiquitous globalization” increases the diversity and complexity of GPNs and
GINs, and briefly discusses the underlying systemic pressures and enabling forces.
In order to capture the gains for innovation that a region might reap from global net-
work integration, Part Three suggests moving from a one-way analysis of the external

3. See Acemogiu, D.. P Aghion and F Zilibotti (2006}, “ Distance to Frontier, Selection, and Economic Growth™, Jourmnal of

the European Economic Association, 4(1), pp. 37-74, March; Aghicn, P. R Burgess, 5. Redding, F 2ilibott, 2006, The

Unequal Effects of Liberalization. Evidence from Dismanting the License Raf in Indiz, NBER Working Paper No. 12031,

February: 31 pages; and Chandra V., 1. Osnica-Rodanie and CA. Pnme Barga, "Korea and the BICs {Brazd, India and

China): calching-up expenences”, chapter 3 n Chandra, ¥, O Erocal, PC. Padoan, and C. A, Primo Barga 2009, edi-

tors, innovahon and Growith. Chasing A Mowng Frontier OECD and World Bank, Pans and Washington, D.C .

Arrow, K J. 1962 "The Economic Implications of Learning by Doing” Review of Economic Studies, June, 153-73.

Tassey, G. 2007. The Technology imperative. Cheltenham Edward Elgar

& Tassey, G., 2008. "Globalization of Technalogy-Based Growth The Poticy rperative.” Journal for Technology Trans-
fer, December. p.2

7. Atkinson. R., 2014, “Two Cheers lor Marlin Baily's "U.S. Manulacturing”, ITIF innavation Fifes, February 14, htip//
www innovationliles. org/two-cheers-lor-martin-bailys-u-s-manufacturing/
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impacts on aregion’s innovation capacity to an analysis of two-way interactions. The
paper concludes with Poiicy Implications and highlights Unresolved Issues for Future
Research, including the critically important issues of spillover employment effects
and inequality.

Part One - The Policy Challenge

Rising complexity and increasing uncertainty are two defining characteristics of the
new world of international economics. "Ubiquitous globalization™ now reaches be-
yond markets for goods and finance into markets for business services, technology,
intellectual property rights, and knowledge workers®. The result is an increase in the
organizational and geographical maobility of knowledge®. However, the new geogra-
phy of knowledge is not a flatter world where technical change and liberalization
rapidly spread the benefits of globalization. Instead, the indusirial heartlands in the
US, Euwrope and Japan are intensely competing with a handful of new— yet very di-
verse— manufacturing and R&D hubs that are emerging in Asia.

Regions differ in their capacity to address this challenge. To understand why,
it might be useful to examine first the following three questions: What dc we know
about how regions differ? What types of innovation are necessary for upgrading a
region's growth prospects and prosperity? And how does one measure industrial
upgrading?

What do we Know About how Regions Differ?

Research on the geography of production and innovation has long struggled with a
simple question: Why is it that some regions achieve significantly higher growth rates
than others? Far instance, Anthony Venable's 2006 Jackson Hole symposium lecture
poses three specific questions';
*  Why are economic aclivity and prosperity spread so unevenly?
= Does increasing trade—or spatial interaction more generally — necessarily nar-
row these differences?
* How should we think about future developments, both for developed and for
developing regions?

8 Ernst, D., 2009, A New Geography of Knowledge in the Elecironics Industry? Asia’s Fole in Global Innovation Net-
works, Policy Sludies, ne. 54 (Honolulu' East-West Center, August).

9 Emnst, D, 2005, "The New Maobility of Knowledge: Digital Information Systems and Global Flagship Networks.” In
Latham, R, and 5. Sassen, eds. 2006, Oigital Formations: T and New Architectures in the Globaf Reafm. Princeton,
MJ, and Owtord: Princeton Universily Press for the U 5 Social Science Research Council.

10. Venables, A 2006, "Shifts in Economic Geography and Their Causes”, Paper prepared lor 2006 Jackson Hole
Symposiom, hitp /fwww rojasdatabank infofvenables paper 0821 podf
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Regions differ widely across many dimensians. Significant variation exists for ins-
tance in industry composition (such as the size of firms and plants}), the industry
structure (e.g. large OEM with many SME suppliers versus a fragmented industry
structure with many SMEs), and the region's degree of specialization versus its diver-
sity. At the same time, wide disparities exist across regions in wages, labor markets
and work conditions, and, most importantly, in the spatial distribution of high-growth
clusters, jobs, and income levels. Furthermore, regions differ widely in their techno-
logy levels and capabilities, in their skill portfolios, and the quality of their Vocational
Training and Higher Education systems. Last, but not least, regions may also differ
in their R&D capacity, and in their institutional arrangements for intellectual property
development and protection, and for standardization and certification.

Research on the causes of regional diversity focuses on the role of initial conditions,
the potential for innovation and knowledge spillovers, and the compasition of eco-
nomic activity!’. Maryann Feldman emphasizes the impact of science-based related
industries on innovation performance’?, Venables’ great insight is that we need a model
of the location of economic activity as the outcome of tension between caoncentration
forces and dispersion forces. As he puts it in the revised version of his Jackson Hole
lecture, published by the Federal Reserve Bank of Kansas, "globalization causes dis-
persion of activity, so economic development will be in sequence, not in parallel; some
countries will experience rapid growth while others will be left behind."™? Once we subs-
titute “Regions” for "Countries”, we are getting closer to the question at hand™.

A more recent interesting conceptualization can be found in a 2012 NBER paper
by Delgado, Porter, and Stern (DPS) which focuses on differences in cluster com-
position to explain variation in regional econamic perfarmance’™. "Regional clusters”
are defined as “groups of closely related and complementary industries operating
within a particular region. A key finding is that industries participating in a strong
cluster register higher employment growth as well as higher growth of wages, num-
ber of establishments, and patenting. An impartant objective is to ensure that " .the
positive impact of clusters on employment growth does not come at the expense of
wages, investment, or innovation.”®

To get to the root causes of differentiated cluster perfarmance, DPS suggest ta-
king a fresh look at two fundamental determinants of cluster performance:

1t See among others. Porter, M.E., 1990, The Competitive Advantage of Nations, Free Press, Mew York, Barro, R.J.
and X. Sala-i-Martin, 1985, Economic Growth, Cambridge MA. MIT Press; and Fujita, M.P, B Krugman, and &),
Venabies, 1999, The Spatial Economy, MIT Press, Carmbridge, Massachusetts.

12, Feldrman, M. P 1998, “The New Economics of Innovation, Spillovers and Agglameration’ A Review of Empirical Stug-
ies”, Econormics of innovatton and New Technofogy 8 5-25.

13, Venables, A.J.. 2006, "Shifts in Economic Geography and Their Causes”. Economic Review - Fourth Quaner, Federal
Reserve Bark of Kansas City.

14, For an empirical analysis based on Venables' approach, see Ernst, O, 2009, A New Geography of Knowledge in the Elec-
tronics Industry? Asia's Role in Global Innovation Networks, Palicy Studies, no. 54 (Honatulu: East-West Center, August)

15. Delgado, M., M.E Perter, and $.Stern, 2012, Clusters, Convergence, and Economic Performarnce, NBER Working
Faper 18250, July, Mty A nizer org/papersint 8250,

16 |bid:6.
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» Convergence, i.e. the potential for growth is declining in the level of econormic
activity as a result of diminishing returns.

* Aggfomeration which arises from interdependencies across complementary
econcmic activities that give rise to increasing returns. Agglomeration can in-
crease inequality across regions over time'”.

DPS find that convergence and agglomeration typically coexist. but they occur on
different levels'®: “While convergence is likely to be most salient at the industry level
{or at relatively narrow levels of industry aggregation}, strong agglomeration forces
operate across industries within a cluster {or across closely related clusters).” The
analysis focuses on comptementarities, and examines “the agglomeration forces
arising among closely related and complementary industries. By sharing common
technologies, knowledge, inputs and cluster-specific institutions, industries within a
cluster benefit from complementarities.”

in short, what really matters for successful regional clusters are "complementa-
rittes across related industries."'®. "Such policies appear to be more effective than
those that seek to attract a particular type of investment, offer incentives to benefit a
small number of firms, or favor particular high-technology fields such as bictechno-
logy or software if the region has little strength in those areas."®

What Types of Innovation are Necessary for Upgrading a Region’s Growth
Prospects and Prosperity?

Some basic definitions are in order to establish what types of innovation are neces-
sary to upgrade a region’s growth prospects and prosperity?’. Innovations convert
ideas, inventions, and discoveries into new products, services, processes, and bu-
siness models. Radical breakthrough discoveries and inventions through scientific
research are only the tip of the iceberg. Of critical importance are poticies that would
enable local firms (especially SMEs) to scale-up quickly new ideas, discoveries and
inventions in order to be first at the right market at the right time.

in other words, effective innovation policies would first and foremost seek to redu-
ce or remove barriers that may prevent a firm to move from "knowledge generation”
research) via “technology development”, “"scale-up” {(pilot line & prototypes), and
“globally competitive domestic manufacturing”, all the way up to effective cormmer-
cialization of new products and services.

17. The lterature dishnguishes bwo types of agglomerating forces localization (increasing returns to activities within &
single industry) and urbanization (increasing returns Lo diversity at the overall regianal level). See for instance Cu-
mais. G., G. Elison, E.L. Glaeser, 2002, "Gecgraphic Concentration as a Dynamic Process, "Review of ECOnOmics
and Statistics, 84 (2), pp 193-204.

18, Ibid: 3.

19. Delgado Porter Stern, 20127 6

20. |bid: 35.

21. This section draws on Chapter 2 - Conceptual Framewaork: Innovation and Innavative Capabilities, in Emst (2009)
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Both in the US and in Europe, there is a growing recognition that innovation
and manufacturing are closely intertwined, and that the focus should be on a set of
enabling technologies {called "Advanced Manufacturing Technologies" in the US,
and "Key Enabling Technologies” in Europe). According to recent MIT research®,
these enabling techneclogies encompass for instance

» Synthesized new materials {e.g., nano-engineering), as weall as custom-de-

signed and recycled materials

» Continuous manufacturing of pharmaceuticals and big-manufacturing

+ Green sustainable manufacturing

= Mass customization, for instance through Additive Manufacturing (30P) and

reconfigurable robotics which might enable Continuous Manufacturing in
small batch sizes and break down the boundaries between fabrication and
assembly.

* Integrated soluticns through bundling of physical products with services and

software.

Inncovaticns in these Advanced Manufacturing technologies are expected to act
as enablers of new products and services that might create new niches and new
industries. in addition, programmable manufacturing which needs less capital-in-
tensive tooling and fixtures may facilitate manufacturing in smaller, agile and flexible
production facilities, closer to end-users.

In turn, this may enhance productivity and flexibility in large-scale manufacturing
and supply and distribution chains (for instance through RFID tracking and Human-
Robot-interaction). Furthermore, Advanced Manufacturing technologies are expected
to enhance coordination and flexibility in global production and innovation networks.

What is Success? Measuring Industrial Upgrading®

In general terms, industrial upgrading s about linking improvements in specializa-
tion, locai value-added, and forward and backward linkages® with improvements in
learning, absorptive capacity and inncvative capabilities.

Two aspects of industrial upgrading are of greatest policy relevance: “firm-level
upgrading” from low-end to higher-end products and value chain stages, and "in-
dustry-level linkages" with suppon industries, universities and research institutes.

For upgrading a region's growth prospects, the challenge is tc enable firm-level
and industry-level upgrading to interact in a mutually reinforcing way, so that both ty-

22, Berger 5., 2013, Maiing in America. From innovation fo Marke! (Carmbridge, MA The MIT Press).

23. For an economic analysis of "Industrial Upgrading”. see Ernst, 0., 2010, "Upgrading thraugh innavation in a small
network economy: ingights lrom Taiwan's IT industry”, Economics of innovatian and New Techinology, Vol 19, No. 4,
June pages 295-324.

24, As defired in Hirschman, A 0., 1958. Strategy of Economic Development, New Haven: Yale, University Press. chapter 6.

150



Global Producton Netwarks The Case of China

pes of upgrading will give rise to a “virtuous circle”. "Firm-level upgrading” is the key
dimension - without it, there is little hope that a region can benefit from glabal network
integration. tn other words, local firms must deveiop the capabilities, business mo-
dets and organization that will allow them to strengthen their absorptive capacity and
innovative capabilities. This requires important adjustments in corporate strategy.

But for firm-level upgrading to succeed, upgrading must take place simulta-
neously at the level of "industry linkages". As Powell and Grodal cbserve, “colla-
boration across multiple boundaries and institutional forms” is the norm today, and
innovation networks “... are now core components of corporate strategy.”®® This
reflects the growing geographic mobility of knowledge and the emergence of 1T
enabled governance mechanisms to orchestrate distributed knowledge. To broaden
the pool of firms that are fit for sustained firm-level upgrading, regional governments
need ¢ foster strong support industries and dense linkages with universities and
research institutes.

Finding the right balance between firm-level and industry-level upgrading poses
a continucus challenge for policy makers and corporate planners —the "right ba-
lance” is a moving target, it is context-specific and requires permanent adjustments
o changes in markets and technology. A strategy that neglects one element at the
detriment of the others is unlikely to create sustainable gains. The stronger the links
between those two elements, and the better they fit, the greater are the chances that
tocal firms can shape markets, prices and technology road maps.

In addition, three other forms of “industrial upgrading™ may help to guide regio-
nal policies: (i) inter-industry upgrading proceeding from low value-added industries
(e.g. light industries} to higher value-added industries (e.g. heavy and higher-tech
industriesy; (i) inter-factor upgrading proceeding from endowed assets {i.e., natu-
ral resources and unskilled labor) to created assets (physical capital, skilled labor
social capital); and (ili) upgrading of demand within a hierarchy of consumption,
proceeding from necessities 1o conveniences to luxury goods?.

Maost research has focused on a combination of (i) and (i), based on a distinction
between low-wage, low-skill "sun-set" industries and high-wage, high-skill “sunrise” in-
dustries. Such simpie dichctomies however have failed to produce convincing results,
for two reasons: First, there are low-wage, low-skill value stages in even the mast high-
tech industry, and high-wage, high-skiil activities exist even in so-called traditional in-
dustries like textiles. And second, both the capahility requirements and the boundaries
of a particular “industry” keep changing over time. An example is the transformation of
the computer industry from an R&D-intensive high tech industry to a commaodity pro-
ducer that depends on the optimization of supply chain management.

25, Powell, WW and 5. Gredal, "Networks ol innowvaltors™. chapter 3 in: Fagerberg, J., D.C. Mowery and R.R. Malsan
{eds ), 2004, The Oxford Handbook of Innovation, Qxford University Press, p. 57 58,

26. For a discussion of upgrading taxonomies, see Ozawa, T 2000, "The ‘Flying-Gease Paradigm: Toward a Co-evo-
lutichary Theory of MNC-Assisted Growth" in K. Fatemi (ed ). The New World Order: Internationalism, Regionatism
and the Muttnational Corporations, Amsterdam and New rork: Pergamon .
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Part Two - Increasing Diversity — the Dynamics of Global Innovation
Networks

We now turn to the dynamics of global innovation networks that shape the oppor-
tunities and challenges for regional policies. The root cause for “ubiguitous globa-
lization" is the emergence of a "winner-takes-all” competition model, described by
Intel's Andy Grove?'. in the fast moving ICT industry, success or failure is defined by
return on investment and speed tc market, and every business function, including
R&D, is measured by these criteria, Technalogy-based competition is intensifying,
provoking fundamental changes in business organizations. No firm, not even a glo-
bal market leader like IBM, can mobilize all the diverse rescurces, capabilities, and
repositories of knowledge internally. This indicates how much the world has changed
since Edith Penrose argued in her path-breaking study The Theory of the Growth of
the Firm that * ... a firm’s rate of growth is limited by the growth of knowledge within
it" {[1959} 1995: xvi, xvil).

Corporations have responded with a progressive modularization of all stages of
the value chain and its dispersion across boundaries of firms, countries, and sec-
tors through multi-layered corporate networks of production and innovation®®, The
complexity of these global networks is mind-boggling. According to Peter Marsh, the
Financial Times’ manufacturing editor,”. .. [e]very day 30m tones of materials valued
at roughly $80 billion are shifted around the world in the process of creating some 1
billion types of finished products.”® While the proliferation of globat production net-
works goes back to the late 1970s, a more recent development is the rapid expan-
sion of global innovation networks (GINs), driven by the relentless slicing and dicing
of engineering, product development, and researc™®.

A defining characieristic of the new geography of knowledge is that both lear-
ning and innovation are fragmented {“modularized”) and geographically dispersed
through multilayered global corporate networks that integrate engineering, product

27 Grove A, S 1996 Onfy the Paranoid Survive: How to Exploit the Crisis Points that Challange, Every Company and
Carger. New York and London: Harper Colling Business.

28, Onthe proliferation of global produchon netwarks (GPNs) and global innovation netwarks, see Ernst, D, 1997, From
Partial to Systernic Globafization. frtemational Production Networks in the Blectronics industry, repon prepared for
the Sloan Foundaton, jointly putlished as The Data Storage Industry Globalization Project Repart 97-02, Graduate
School of International Relations and Pactfic Stughes, University of California at San Dego, and as BRIE Working
Paper #38, Berkeley Roundtable con the International Ecanarmy, University of Calfornia at Berkeley, http //brie berke-
ley.edu/publicationsWP%2098.pdl | and Ernst, ©.. 2007, "innovation Offsharing: - Rool Causes of Asia's Rise and
Folicy Imphcations.” | chapter 310 in Palacios, Juan J., ed (Ed), 2007 Multnational Corparations and the Emerg-
ing Metwork Econorny in the Pacific Rir. Londen: Routledge, co-published with the Pacific Trade and Developmarnt
Conference (PAFTAD), London: Routtedge For an wmpartant recent contribution by trade econonusts. see Baldwin
Richard and J. Lépez Gonzalez (2013) "Supply-Chain Trade: A Portrail of Global Patterns and several testabila by-
potheses” NBER Working Paper 18357 hftp /fwww. nber org/papers/w18957 pdf

29, P Marsh, "Marvel of the World Brings Both Benefit and Risk," Financial Times, June 11, 2010, 7. For a detailed case
study of the multi-tayered glotal produclion networks in Asia's ICT industry, see Ernst 2004.Yesuf QUP

30, Ernst, 2007, PAFTAD
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development, and research activities across firm boundaries and geographic bor-
ders, it took some time for economic theory to adjust to this important transformation.

Only a decade ago, research on the geographical distribution of patents con-
cluded that innovative activities of the world's largest firms were among the least
internationalized of their functions. This finding gave rise to the proposition that
innovation, in contrast to most other stages of the value chain, is highly immobile: it
remains tied to specific locations, despite a rapid geographic dispersion of markets,
finance, and productionv®. Atternpts to explain such spatiat stickiness of innovation
have highlighted the dense exchange of knowledge (much of it tacit) between the
users and producers of the resultant new technologies.

Yet, even as this research was in progress, the world was changing, with the
emergence of GINs since the 1990s which carry out design and product develop-
ment as well as applied and basic research. GINs share important characteristics
with the GPNs that preceded them?:

*  Asymmetry is a fundamental characteristic. Multinationa! corporations (MNCs)
dominate as network flagships and define network organization and strategy.
Control over network resources as well as coordination of information flows
and decision making enabies the flagship to directly affect the growth, strate-
gic direction, and network position of lower-end participants {e.g., specialized
suppliers and subcontractors).

+ A great variety of governance structures is possible. These networks range
from toose linkages that are formed tc implement a particular project and that
are dissolved after the project is finished—so-called "virtual enterprises’—to
highly formalized networks, “extended enterprises,” with clearly defined rules,
common business processes, and shared information infrastructures. What
matters is that formalized networks do not require cormman ownership; these
arrangements may, or may not, involve cortral of equity stakes.

Increasing Diversity and Compiexity
An important recent development however is the increasing diversity and comple-

xify of these knowledge-sharing network arrangements. GINs now involve muitiple
actors and firms that differ substantially in size. business model, market power, and

3t Patel P.and K. Pawitt 1991. "Large Firms in the Production of the World's Technalogy: An Important Case af Non-
Globaligation.” Joumnal of international Business Studhes 22(1): 1-21

32 Archibugi D, and J. Michie. 1285 "The Globatzation of Technalogy: A New Taxonorny.” Cambridge Journal of Eco-
nomics 19(1): 121-40.

33, See Ermst, O, 2006 Innovation Offshonng: Asia's Emerging Roke in Global fnnovation Netwarks, Special Study pre-
pared for the East-wWest Cenler and the L.S.-Asia-Pacific Council, East-Wes! Center. Honolulu, July 48 pages, and
Ernst, D, "Innovation Offshoring. Root Causes of Agia's Rise and Palicy Implications.” In Palacios, Juan J., ed. 2007,
Muitinational Corporations and the Emerging Network Economy in the Facific Rim. Landon: Roulledge, co-published
wilh the Pacific Trade and Development Conference (PAFTAD.
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nationality of ownership, giving rise to a variety of networking strategies and network
architectures (Table 1).

The flagship companies that control key resources and core technologies, and
hence shape the hierarchical intra-firm and inter-firm networks, are still overwhel-
mingly from the United States, the European Union, and Japan. However, there are
also now network flagships from emerging economies, especially from Asia, which
construct their own GINs. Huawei, China's leading telecommunications equipment
vendor, and the second largest vendor worldwide, provides an exampte of a Chine-
se GIN that illustrates the considerable arganizational complexity of such networks
(Fig.1} The company has pursued a two-pronged strategy®: it is building a variety
of linkages and alliances with leading global industry players and universities, while
concurrently establishing its own global innovation network of more than 25 R&D
centers worldwide. In the European Union, Huawei has more than 800 R&D specia-
lists across 14 R&D sites in eight countries™®.

Table 1
2. Global innovation networks—increasing diversity

Hierarchical © e

« Intra-firm networks - Global compames "offshore”

stages of innovation to Asian affitates

« Inter-firm networks - Global firms “outsowrce” stages of

tnnovation to speciakzed Asian suppliers

« Asian firms construct their own GINs (Muawei) jnformai

Intsrnational public-private R&D consortia social

= ITRI - global knowledge sourcing from Plus: petworks

the erstwhile periphery Letudents.

From hierarchical to splintered GINs knowledge
workers|

= Foxconn - contractors can shape

strategic direction as junior network flagships

Adapled from Ernst, D. 2009, A new Geography of knowledge

34. Ernst, 0., and B. Naughlon. 2007. "China’s Emerging Indusirial Economy: Insights from the IT Industry * (n McNally,
€. ed. 2007, China's Emergent Political Economy: Capitafism in the Oragon's Lair London: Routledge.
35. This compares with more than 10,000 engineers in Huawei's Shanghai R&D slie,
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Figure 1
Huawel's Global Innovation Network
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In fact, Huawei has developed a web of project-specific collaboration arrange-
ments with major suppliers of core components, such as Siemens (as part of China's
TD-SCDMA third-generation mobile communications standard) and Alcatel-Lucent
{with a focus on 4G TD-LTE development), as well as Intel and Qualcomm. And
Huawei's own GIN now includes, in addition to at least eight R&D centers in China,
five major overseas R&D centers in the United States, and at least ten R&D centers
in Europe. The choice of these locations reflects Huawei's objective to be close to
major global centers of excellence and to learn from incumbent industry leaders: Pla-
no, Texas, is one of the leading U.S. telecom clusters initially centered on Motorola;
Kista, Stockholm, plays the same role for Ericsson and, to some degree, Nokia; and
the link to British Tetecom was Huawei's entry ticket into the exclusive club of leading
global telecom operators.

Recent Transformations

What matters most for a region like Brabant are three recent transformations in the
dynamics of global innovation networks. First, international public-private R&D con-
sortia are no longer exclusively originating from the US, the EU and Japan. Asian
countries are also quite active now in global sourcing through such cross-border
public-private partnerships. Taiwan's ITRI provides a telling example of such global
knowledge sourcing from the erstwhile periphery {Tables 2 and 3).
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Table 2
ITRI'S global knowledge network - Europe (select examples)

Germany: Brandenburg University of Apphed Science,
Degussa, Fraunhofer (IPA. IPK), German Aerospace
Center, Karl Storz Endoscopy. MANZ AG (display).
Physikalisch-Technische Bundesanstalt, Siemens
TUBerlin; Umversity Duisburg-Essen

Netherlands Aecn Astron Europe B V. Centraalbureau
voor Schimmelcultures (CBS), Dutch Polymer, Eindhoven
University of Technology. KEMA international, Philips
Design, TNC; to-BBB Technologies. VU University Medical
Center

Russia Moscow State University, Academy of Sciences
{IOFFE, ICPC, PT1--- St Petersburg State Polytechmcal
University

TR webside & imersews

Table 3
ITRI'S global knowledge network - Europe (select examples

Universities Camnegie Mellon Case Westemn Reserve Columbia.
Cornell. Georgia Tech. Harvard: Johns Hopkins Kent State. Lawrence
Berkeley National Laboratory MIT Media Lab, MIT-CSAIL  MIT-
Harvard Climical Consorum. National Renewable Energy Laberatory
Chio State University. Purdue University, Rensselaer Polytechnic.
Texas Tech University: UC Berkeley, UCLA. UC San Diego. UC Santa
Barbara, University of Central Florida. Unwersity of Cincinnati
Unwersity of linos. Unnersity of Missoun, Unmersity of Washingtan
Seattle. Virgima Polytechnic

Companies Coming. DuPont. e-Meter Corporation. Eastman
Keodak Exactech IBM, InVisage. Johnson & Johnson. Qualcomm
MEMS Technologies. Texas Instruments. etc

ITRI's network interacts with & complements Taiwanese
corporate GINs (e g.. TSMC)

ITRI webside & interviews

Within Europe, iTRI's global knowledge network concentrates on Germany, the
Netherlands, France, where it covers a broad array of science discipiines and tech-
nologies. By contrast, ITRI's presence in Russia is heavily focused on the country’s
leading research institutes for advanced mathematics and physical sciences. It is
also noteworthy that [TRI has a much larger and widely diversified presence in the
LS, both with leading universities and with global industry leaders. Finally, ITRI's
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knowledge network closely interacts with private GiNs established by leading
Taiwanese companies®.

A second recent transformation are splintered GINs with diverse network flags-
hips which increasingly complement the erstwhile dominant hierarchical networks.
This indicates that

vertical specialization within global networks continues unabated. Three different
types of splintered GINs are emerging®’:

» core component suppliers (Intel, MS; ARM: QCM; TSMC) control technalogy

platforms

+  Mega-contractors (Foxconn) can co-shape strategic direction and provide in-

tegrated solutions

* Mega- distributors (e.g., Arrow Electronics; Avnet) can provide integrated solu-

tions

Figure 2 presents a glimpse at Foxconn's expanding global production and innova-
tion network which illustrates how contractors from the erstwhile periphery of the world
economy are now co-shaping the strategic direction of GINS as junior partners. HonHai
Precision, the network flagship, controls more than 230 holding companies, affiliates,
subsidiaries and divisions worldwide, and keeps rapidly expanding R&D cooperation
with top universities and research institutes in the US, Japan and Europe.

Figure 2
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36. TSMC for instance has & streng presence in UG Berkeley and at Stanford University, with a heavy focus on leading-
edge | development for advanced computing

37 Ernst, 2014, Power Shift? From hierarchical to splintered (Global innovation Networks, manuscrpt, East-West Center,
Honoluty
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A third recent transtormation is the increasing complexity of global networks, due
to rapid and disruptive technical change. Arguably, the most important manifestation
of rising network complexity is the convergence of ICT infrastructure for the Intemet,
wireless and mobile communications, and cloud computing that culminates in “The
Internet of Everything”. According to Cisco, the “Internet-of-Everything is expected to
bring "... together people, process, data and things to make networked connections
more relevant and valuable than ever before — turning information into actions that
create new capabilities, richer experiences and unprecedented economic opportu-
nity for businesses, individuals and countries.”*. Figure 3 highlights the evolution of
network connectivity, from digital access to information through email. web browser
and search engines through a progressive digitization of business processes and
interactions.

Figure 3
Increasing compexity: muliiple levels of interconnectivity

— Increasing complexity of global networks P

e

Business & Societal Impact

Intelligent Connections

“The Intemet of Everything brings together pecple, process, data and things o
make networked connections mare relevanl and valuable than ever before - tumn-
ing intormation into actions 1hal create new capabililies, richer expenences and
unprecedented economic oppounity for busmesses, individuals and countries *

Cisco

38. http //www.cisco comfwebiabout/ac73AnnoviloE himl
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Figure 4
GE - The industrial Internet (2012)
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While the vision of an “Internet-of-Everything” certainly exaggerates what will be

possible over the next decades, concepts like GE's “Industrial Internet” are already
being implemented to increase productivity gains across all stages of the industrial
value chain {see Figures 4 and 5). And the concept of "Connected Manufacturing”
highlights how globat manufacturers are implementing"”. .. bidirectional information-
sharing through the global manufacturing value chain—from research and develo-
pment (R&D) to the customer and back; from suppliers to planis to sales-channel
partners, and caonversely."* Of critical importance are interoperability standards that
are necessary to transfer and render useful data and other information across geo-
graphically dispersed systems. organizations, applications of components®.

32

40

Hanman, C., R. Kuppens, G Schlesinger. Connected Manufacturing, 2006, http /fwww.cisco.com/webfCApdf!
Cisco_Connected_Manufacturing. pdf
Palfrey, . and L) Gasser, 2012, fnferop. The Promise and Perts of Highly Interconnected Systerns, Basic Books, New

Yark
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Figure 5
Exemple: Networks in Manufacturing
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Drivers and Enabling Forces

Global corporations construct GINs to cope with increasing pressures to interna-
tionalize innovation. Ernst (2009) documents the systemic nature of driving forces,
Specifically, these networks are expected to:

enable global corporations to increase the return-cn-investment for R&D,
despite the rising cost, complexity, and uncertainty of R&D;

facilitate penetration of high-growth emerging markets in compensation for
the slow demand growth in core QECD countries;

accelerate speed to market in line with shorter product life cycles;

gain access 1o lower-cost pools of knowledge workers;

tap into the resources and innovative capabilities of new competitors and
emerging new innovation hubs,

bypass regulations that seek to protect society (especially the losers of
glebalization) and the environment; and

perform “regulatory arbitrage”, by expioit differences in IPR regimes, incen-
fives, tax laws [especially for transfer pricing], regulations [finance; environ-
ment; health].

At the same time, a powerful mix of enabiing factors facilitates the construction
of GINs by reducing uncertainty, as well as transaction and coordination costs.
The result has been a rebalancing of the centripetal forces that keep innovation
tied to specific locations and the centrifugal forces that place a premium on geo-
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graphical dispersion. The latter have become more powerful, although the former
have hardly disappeared.

There are two root causes of this rebalancing and the resultant increase in the
mobility of knowledge: 1) the improvement of the infermation and communication
infrastructure and its extension arcund the world, and 2) the liberalization of inter-
national economic policies that allows this {echnological change to be exploited
more fully by firms and organizational networks. Recent research identifies the
following formidable enabiing forces behind the proliferation of GINs and their
increasing diversity*':

+ Modular design enables vericat specialization, i.e. the progressive slicing

and dicing of the innovation value chain

* Liberalization and privatization has created ‘deregulated’ markets, playing

an important role in recucing constraints to the organizational and geo-
graphical mobility of knowledge*

* |CT-enabled information management has also considerably increased the

mobility of knowledge

* Glcbalizing markets for technology, knowledge workers and innovation fi-

nance

* Growing innovative capabilities in emerging economies

Additional powerful enabling factors are the progressive globalization of IP
protection and standards, as well as new Trade Rutes and Dispute Settlement
Mechanisms which are currently being negotiated as part of plurilateral and me-
ga-regional trade agreaments (TRIPS-Plus; ITA; TISA; TPP; TTIP).

Part Three - Capturing the Gains for Innovation from Global Network
Integration

Economic theory still has a long way to go to catch up with the new world of Ubigui-
tous Globalization. As indicated, current policy documents (OECD, WTQ, etc} focus
primarily on the impact of exports and imports on innovation. This is important, bui it
only captures one segment of the external impacts on a country’s innovation capacity.

41,

42,

Ernst, D . 2005, “Complexity and Internationalisation of lnnowvation: Why Is Chip Design Moving to Asia?" In inferna-
tional Journal of lnnovation Management, special issue in honor of Keith Pavitt {Peter Augsdoerfer, Jonathan Sapsed,
and James Utterback, guest editors) 9(1) (March): 47-73. See also Emst (2009).

Ernst, D., 2005, “The New Mobility of Knowledge: Digital information Systerns and Global Flagship Networks." In
Latham, R., and 5. Sassen, ads. 2005, Digita! Formations: IT and New Architectures in the Global Reaim. Princator,
NJ, and Oxford: Princeton University Press for the LS. Social Science Research Council.
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New Approaches

However, new approaches are beginning to emerge that help to extend the analysis
beyond trade. The E-15 /nitiative for instance, established in cooperation with the
World Economic Forum and supported among others by the Dutch Government, ex-
plores options for strengthening the governance and functioning of the muitilateral
trade system. Specifically on Trade and Innovation, E-15 has published widely circu-
lated Policy Think Pieces that move the debate well beyond the narrow confines of
established trade theary®.

In addition, new research agendas pursued by trade economists can help to
address the impact of ubiquitous globalization. Important contributions are Robert
Feensira’s analysis of Integration of Trade and Disintegration of Production in the
Gicbal Economy™, and Lee Branstetter's pioneering work on the role of FDI as a
channel of knowledge spillovers*. Mare recently, Richard Baldwin and colleagues
have broadened the analysis to include the "Trade-investment-service-1P nexus ¢ - a
long overdue breakthrough! For Baldwin, *

“Trade in today’s world is radically more complex. The informaticn and com-
murications technology revoiution has infernationatized supply chains, which
has created a fight suppiy-side finkage between trade and FDI the “trade-
investment-service—- IP nexus® Today's international commerce comprises
complex, two-way flows of goods, services, people, ideas and investrments in
physical, human and knowledge capital — in addition fo trade in raw materials
and final goods. These connections make it almost irrefevant to talk about trade
without also tatking about FDI — at least for many products and markets. . As a
resufl, ... trade and investment are nefther complements nor substitutes — they
are simply two facets of a single economic activity. international production
sharing. ™’

Research on GPNs and GINs can benefit from these new insights in policy-related
trade theory. Some of the analytical tocls provided by Feenstra, Branstetter, Baldwin

43, Examples include Karachalios, K. and K McCabee, 2013, Standards. fonovation and their Role in the Context of the
World Trade Crganization; and Emst, D, 2014, The Information Technology Agreement, ingustrial Developmant and
innovation - ntha s and China's Diverse Experiences.

44, Feenslra, R, 1988, “Inlegralion ol Trade and Disintegration of Production in the Global Economy”, Journat of Fco-
nomc Perspectives, 12(4) 31-50; and Feenstra, ., 2008, Offshoring in the Global Foonomy, Ohlin Lacturas, pre-
sented at the Slockhiolm School of Economics, September.

45, Branstetter, L., 2008, "ls Foreign Direct Investment a Channel of Knowledge Spillovers: Evidence from Japan's FDI
in the Urited States," Joumal of infernational Econcrmics, vol. 68, February 2006, pp 325-344,

46. Baldwin, R., 2013, "Global supply chains: why they emerged, why they matter, and where they are going”, chapter
1in; DK, Elms and P Low, eds., 2013, Gioba! value chains in a changing world, WTO, Geneva: pages 13 -80, Bald-
win. Richard and J. Ldpez Gonzdlez {2013) "Supply-Chain Trade: A Portrail of Global Patterns and saveral leslable
hypotheses” NBER Working Paper 18957 http ffaww nber org/papers/w1 8957 pdf;

47. Baldwin, R. 2013, "The Mew Relevance ol FOE The GVC Perspective”, in World Econormic Forurmn, Fareign Direct
Investment as a Key Driver for Trade, Growth and Prospenty. The Case for a Multitateral Agreement on investment.
Gereva: p.13.
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and others, should make it easier to measure the scope and depth of these global
networks, and their increasing diversity. These analytical tools might also provide
better insights into differences in network structure across industries, and crucially
between manufacturing, professional services and natural resources.,

DCrawing on these new analytical tools, research on GPNs and GINs can shed
new light on the impact of these networks on the geographic distribution of inno-
vation. It is possible to conceptualize GPNs and GINs as institutional innovations
that seek to bundle, coordinate and rationalize the multiple linkages and impacts of
Baldwin's “Trade-investment-service-IP nexus”.

As illustrated in Figure 8, it is time to examine the other side of the Trade, FDI and
Innovation link. In order to capture the gains for innovation that regions like Brabant
might reap from global network integration, research should move from a one-way
analysis of the external impacts on a region's innovation to an analysis of two-way
interactions.

Figute &
Trade, FDI and innovation—linkages and impact
Imports « o -GPN/QN' ‘N
Exports «_ ’ |
Licensing
Inward FDI
Outward FDI ~——_
Migration * i

= How does trade, FD) ete affect technology diffusion; price effects;
competition; scale economies; learning; capabilities; spitlovers;
torward & backward linkages?

# How doesinnovation capacity shape trade, FOI, licensing
agreements, position in GPN/GIN, approach to trade agreements?

© Dueter Ernst

A central proposition of this paper is that future research should provide guidance

for regional policy on two broad strategic challenges:

* How does a region’s innovation capacity in a particuiar industry affect the type
of exports and imports it can realize, the licensing agreements it can negotiate,
and the volume and sophistication of inward and outward FDI?

* And how does a region’s innovation capacity in a particufar industry affect its
approach and position in multilateral and plurilateral trade agreements?

To provide policy-relevant insights on the above strategic challenges, it is neces-

sary, first, to open the black box of “innovation” in order to understand precisely what
type of innovation strategy might be required. Second, fulure research should revisit
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in quite some detail what we know about the distribution of gains for innovation from
global network integration.

Opening the “Black Box” - Innovations Differ

A fundamental insight of innovation theory is that leaming and innovation are "the
two faces of R&D" (Cohen and Levinthal 1982 569). Learning by doing establishes
routines: "The firm becomes more practiced, and, hence, more efficient, at doing
what it is already doing" (ibid.: 570). But a firm's growth depends on a second type
of learning ("absorptive capacity”), by which a firm acquires external knowledge “that
will permit it to do something guite different.”

For an effective conversion of knowledge to productive learning, two impartant
elements are required: an existing knowledge base or competence and an intensity
of effort or commitment®. In fact, a critical prerequisite for absorptive capacity is
that a firm conducts basic research in-house. This differs from the current fashion of
"open innovation™®, which downplays the importance of a decline in corporate basic
research. Cohen and Levinthal {1989) demonstrate that a firm needs to sustain a
critical mass of internal basic research "to be able to identify and exploit potentially
useful scientific and technological knowledge generated by universities or govern-
ment laboratories, and thereby gain a first-mover advantage in exploiting new tech-
nologies.”® The same is true for “spill-overs from a competitor's innovation."

In short, R&D is critical to strengthen the absorptive capacity of a region or a firm.
However, the requirements for absorptive capacity evolve over time, as a country, a
region or a firm moves up from catching-up to upgrading and leadership strategies
of innovation. This raises the question: Precisely what type of innovation strategy is
needed when and whera?

48, Ermat, D, and Linsu Kim. 2002, “Global Production Netwarks, Knowledge Diffusion and Local Capability Formation,”
Research Polcy, special issue in honor of Richard Nelsan and Sydney Winter, 31{8/9): p. 1425

43 See Chesbrough, H. W 2003. Open innovation. The New fmperative for Creating and Profiting from Technalogy.
Cambndge, MA. Harvard Business School Press.

50, Coben, W M. and D. A Levinthal. 1983, “Innovation and Learming: The Two Faces of RAD.™ The Fconamic Journal
0% (September): p 503,
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Figure 7
Innovation differ—complexity & capabillty
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Innovations differ with regard to cpportunities and barriers to learning; they also
differ in the capabilities that a firm needs to implement a particular type of innovation.
It is useful to distingquish between jncremental, modular, architectural, and radical
innovations (Figure 7)*'.

Incremental Innovations

Incremental innovations take both the dominant component design and architecture
for granted, but improve on cost, time-to-market, and performance. Their purpose is
to exploit to the greatest extent possible the potential of a given design by introdu-
cing relatively minor changes to an existing product or process®. These innovations
do not require substantial inputs from science, but they do require considerable skill
and ingenuity, especially complementary "soft” entrepreneurial and management
capabilities®.

51 For the aniginal taxonomy, see Henderson, R. M., and K. B. Clark. 1990. "Architectural Innovation' The Reconfigura-
lion ol Existing Systems and the Failure ol Established Firms.” Admimistrative Science Quarterly, March® 9-30. For an
adaplation of the taxonomy to highight differences in capability requirerments, see Emst, D, 2008, "Can Chinese 1T
Firms Devetop Innovative Capabilities Wilhin Global Knowledge Networks?" | in Hancack, Marguerite Gang, Herry
S Rowen, and Wiliam F Miller, eds.. China’s Quest for Independent innovation. Shorensigin Asia Pacific Research
Center and Brookings Instilulion Press, Balimoers, MD. The boundanes between these four types of innavation are
fluid. For instance. incremental and radical innovations are alboul the extenl of changes caused by innovation, while
modular and architectural innovations are about where the change is happening They could therefore overlap

52 Nelson, R R and S G. Winter 1982 An Evolutionary Theary of Econarnic Change. Carmbyridge, MA: The Belknap
Press.

53 As defined in Ernst, D., 2007, “Beyond the 'Global Factory' Model: Innovative Capabilities for Upgrading China's 1T
Industry.” intemational Jowrnal of Technofogy and Globalizaton 3(4). 437-60; and Ernst {2009] chapter Two.
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Examples of incremental innovations are improvements of products {adding new
product features), cost-saving processes; design changes that allow for “mass cus-
tomization™ by combining scaling-up and product diversification; and organizatio-
nal adjustments that facilitate the transition to the next technology cycle. Barriers to
incremental innovations are relatively low, as tocls and methodolegies are familiar
and investments tend 1o be limited and predictable. Most importantly, incremental
innovations build on existing operational and engineering skilts as well as the mana-
gement of supply chains, customer relations, and information systems,

Modular innovations

Modular innovations introduce new component technology and plug it into a fun-
damentally unchanged system architecture. They have been made possible by a
division of labor in product development: "Modularity is a particular design structure,
in which parameters and tasks are interdependent within units (modules} and inde-
pendent across them”™*.

Examples of modular innovations include the development of graphic proces-
sors, Li-ion battery cells, multicore processors, and integrated photonic devices. The
barriers to producing such modular innovations are substantial. High technological
compiexity requires top scientists and experienced engineers in various fields. In
addition, investment requirements can be very substantial {more than U.5.$ 5 billion
for a state-of-the-art semiconductor fabrication plant), as are risks of failure.

Architectural innovations

Architectural innovations use existing component technologies but change the way
they work together. Examples include cost-saving disruptive technologies that re-
combine existing components, such as the internet, smart phones, tablets, and cloud
computing (which however might also be subsumed under radical innovations).

A defining characteristic of architectural innovations is a capacity to leverage a
deep understanding of market and user requirements in order to break new ground
in product development. This implies that architectural innovations require strong
system integration and strategic marketing capabilities, but they are much less de-
manding than modular and especially radical innovations in terms of their needs of
science inputs and investment thresholds.

54, Baldwin, C. W, and K. B. Clark. 2000. Design Aufes: The Power of Modlularity. Carnbridge, MA MIT Press: p 88
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Al the same time, however, architectural innovations tend to have far-reaching im-
plications for the market share and the profitability of innovating firms. As highlighted
by Henderson and Clark (1920: 9), architectural inngvations ¢an threaten incumbent
market leaders; they “destroy the usefulness of the architectural knowledge of esta-
blished firms, and since architectural knowledge tends to become embedded in the
structure and information-processing procedures of established organizations, this
destruction is difficutt for firms to recognize and hard to correct.”*

Radical innovations

Finally, radical innovations involve both new component technology and changes
in architectural design. Examples include paradigm-shifting enabling technologies,
such as Parallel programming. Exascale High-Performance Computing, and bio-
chips®t,

The great attraction of radical innovations is that once they have generated inte-
llectual property rights for a blockbuster technology, the innovating firm may beco-
me a market teader in a short period of time. The flio side. however, is that “radical
innovations require breakthroughs in both architectural and component technology.
Radical innovations require dense interaction with leading-edge science, requinng
top scientists and engineers who work at the frontier of basic and applied researchin
a broad range of disciplines. In addition, implementing radical innovations requires a
broad set of complementary assets®, and investment thresholds tend to be extreme.

In short, radical innovations are costly and nisky, and failure can destroy even
large, well-endowed companies. They are beyond the reach of most companies, but
they may well be the subject of public-private consortia coordinated by a regional
government in coordination with the central government®®,

Distribution of Gains for Innovation from Global Network Integration

Research on Asia's innovation offshoring hubs finds ample opportunities for knowled-
ge diffusion and learning through global network integration. That research shows
that foreign R&D centers can act as important catalysts for accelerated learning and
capability development. Interviews with foreign affiliates of global corporations as
well as with independent Asian network suppliers indicate that integration into global

55. Hendarson and Clark (1980} use the decline of Xerox and RCA 1o illustrative the destructive power of archilectural
irnnovations.

56  Matonal Research Council, 2012, The New Global Ecosystern in Advanced Computing: fmplications for L5 Com-
petitveness and Nalional Secunity. The National Academies Press, Washingtan, D.C.

57. As defined by Teece, D. 1886. "Profiting from Technological Innovation: Implicatiaons tor Integration, Callaboration,
Licensing and Public Policy." Research Policy 15(6) (December). 285- 305

58. For lurther discussion, see Par Four - Policy Implications
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innovation networks can improve access to state-of-the-art innovation management
practices, tools, ideas, and oppoertunities for innovation®.

A look at earlier research on knowledge diffusion through global production net-
works explains why this is so. Emst and Kim (2002) find that global corporaticns
that act as “network flagships" “transfer both explicit and tacit knowledge to local
suppliers through formal and informal mechanisms®. This is necessary to upgrade
the local suppliers’ technicat and managerial skills so that they can meet the flags-
hips' specifications.” Furthermoere, “once a nefwork supplier successfully upgrades
its capabilities, this creates an incentive for flagships to transfer more sophisticated
knowledge, including engineering, product and process development” {ibid.: 1422},

This reflects the increasingly demanding competitive requirements, especially in
R&D-intensive sectors of the electronics industry, which are exposed to intense price
competition from a very early stage in their product life cycle®'. Competition in these
tndustries is driven by the speed of new product intraduction, with the result that pro-
duct life cycles become shorter and shorter. Only those companies that succeed in
bringing new products to the relevant markets ahead of their competitors will thrive,
Ot critical importance for competitive success is that a irm can build specialized
capabilities quicker and at a lower cost than its competitors®?,

No firm, not even a global market leader like IBM, can mobilize internally all the
diverse resources, capabilities, and bodies of knowledge that are necessary to fuffill
this task. As a consequence, globat firms increasingly “externalize” both the sources
of knowledge and its use. They outsource knowledge needed to complement their
internally generated knowledge, and they license their technology to enhance the
rents from innovation,

For many high-tech companies, competing for scarce global talent thus has
become a major strategic concern. Global sourcing for knowledge workers now
IS as important as global manufacturing and supply chain strategies. The goal is
to diversify and optimize a company's human capital portfolio through aggressive
recruitment, especially in emerging Asia's lower-cost-labor markets. Over time, gio-
bal firms reatize that, in order to retain these knowledge workers, it is necessary to

59. Forinslance, Chang, Shih, and Wes (2006} find that exposure 10 siate-of-ihe-art innovalion management practices of
global R&D operations can wnmprove innovation managerment in Taiwan irms and lorce them o be "more innovalive.”
And Shin-Homg Chen {2006: 15) shows ihat the R&D intenisity of foreign-owned affiliates in Taiwan's manufacturing
industry has increased from 1.5 percent in 2002 10 1.9 parcent in 2003. Chen argues Ihal forgign-owned subsidianes
wilh high export inlensity and which rety on Tamwanese original equipment manulacturing/onginal design manufaciur-
ng suppliers “may need to devote more effort to R&D 0 order 1o eflectively inleract wilh Iheir local suppliers” (ibid:
16). In turn, this requires |hat domastic RAD has reached a cnbical threshold so that it can "serve as a complerment
to. rather than a substilute for, the R&D aclivities ol loreign aflihales.”

60 Erngt, D, and Linsu Kim. 2002, "Global Production Metworks, Knowledge Dnffusion and Local Capability Formation.”
Research Poficy, special issue n hongr of Richard Melson and Sydney Winler, 31(8/3) page 1417,

1. Ernst, D, 2002, “The Economics of Electronics Indusiry: Competitive Oynamics and Indusinal Orgamzation™, In
Lazomck, William, ed | The infermnational Encyclopedia of Business and Management (IEBM), Handbook of Econom-
ies London: Imarpational Thomson Business Press.

2. kogui, B, and U. Zander 1993 "Knowladge of 1he Firrn and the Evolutionary Theory of the Mutinational Covpona-
lion.” Journal of international Business Studies 24{4): 625.

174



Global Production Networks The Case of China

transfer exciting projects to the new locations in Asia that provide opportunities for
learning and knowledge sharing.

Alt of this implies that innovation systems of global corporations are being ope-
ned to outsiders, at least in a few select areas. There are concerns however that in-
tegration into global innovation networks may be a poisoned chalice. Itis feared that,
apart from a few prestige projects that might provide limited shori-term benefits, R&D
by global corporations may not provide the means for upgrading the host country's
industry to higher vatue-added and more knowledge-intensive activities.

Foreign R&D centers often intensify competition for the limited domestic talent
pool, leaving domestic companies at the sidelines. Inward R&D by global industry
leaders may also give rise to a reverse "boomerang effect,” providing gtobal firms
with precious insights into business models and technologies developed by domes-
tic firms. Furthermore, foreign R&D centers typically show limited interest in sharing
knowledge with domestic firms and R&D labs. In addition, as global competition 1s
centered increasingly on the development of superior knowledge, "intellectual pro-
perty” (the commercial embodiment of knowledge) will become more and more in-
tensely guarded®.

On a more fundamental level, recent research has raised deubts that participa-
tion in modular giobal networks will automatically enhance the innovation capacity
of global network participanis®. For instance, Chesbrough's dynamic theory of mo-
dularity demonstrates that, if a firm fails to adjust its organization and innovation
management to the requirements of the new architecture, it risks being caught in a
“madularity trap™. In other words, if a firm focuses too much on devetoping products
within given interface standards, this may erode the firm’s system integration capabi-
lities. A "modularity trap” exists, when flagships fail to retain those system integration
capabilities that are necessary to incorporate new (interdependent) compaonent tech-
nologies effectively into their systems®, Chesbrough's "“modularity traps” quite often
reflect fundamental conflicts of interest that separate for instance a global system
player and its modular suppliers of manufacturing and design services. The dilem-
ma facing a system player is that the more system technology he gives away 1o his
suppliers, he may get better and cheaper products. But, at the same time, he may
experience a substantial loss in the control that he can exercise over his suppliers.

In a study on the limits to modularity in chip design, Ernst {2005) finds that "...[i]
tis .. difficult to sustain the assumption, implicit in much of the modularity literaiu-
re, that modularity is the stable end state of industry evolution, and that this is true
across industries and technologies. While modular design has acted as a poweriul
catalyst for changes in business organization and industry structure, limits to mo-

83. Chen. Tain-y. 2004. "The Challenges of the Knowledge-Based Economy ~ In Chen, Tain-jy, and Joseph S Lee, eds.
2004, Tha New Knowledge Economy of Tamvan Chellenham: Edward Elgar.

64 The foflowing draws heavily on Emsi, 2005, "Lirnils to Madularity: Reflections on Recent Developments in Chip De-
sigr " industy and innovation 12(3): 303-35,

65 Chesbrough, H W {2003b} Towards a ¢ynarmics of madularity. A cyclical model of fechnical advance, in: A Pren-
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dularity are aplenty, and constrain the convergence of technical, organizational and
market modularity. "% Specifically, two limits to knowledge sharing within modular net-
works are identified: (a) demanding coordination regquirements; and (b} constraints
to interface standardization.

(a) Demanding Coordination Requirements of GINs

As Pavitt (1999) has convincingly argued, activities that require complex knowled-
ge pose very demanding coordination requirements®. There are cognitive limits 1o
the process of modularization. important differences exist between the coordination
requirements of "project execution” {to design and produce an artifact, e.g. a chip)
and of "technology development” (to produce the underlying knowledge bases)®.

Baldwin and Clark (2000: ch. 3} correctly emphasize that modularity in design has
created opportunities for vertical specialization {combining disintegration and geo-
graphic dispersion) in project execution. Their analysis however neglects the increa-
sed knowledge exchange that is necessary to develop design and manufacturing
technologies. This, in turn, requires ex ante coordination through integration in te-
chnology development. Modular product design thus needs knowledge-integrating
firms to coordinate specialized bodies of knowledge and mcreasingly distributed
learning processes. It does not reduce the need for system integration.

In other words, modular product design may well increase complexity and hence
the need for system integration. Large global network flagships retain diversified te-
chnology bases precisely to cope with the demanding coordination requirements of
disintegrated and geographically dispersed technology development.

{b) Constraints to Interface Standardization

A surprising feature of modular systems is their considerable rigidity. Once deployed,
interface standards are difficult to adjust. When performance gains from a particu-
lar design architecture approach a limit, it becomes necessary to establish a new
architecture. But a defining characteristic of modular systems is that any transition
to a new generation of design architecture requires fundamental changes in system
components, which consequently will break down established interface standards®.

66, Ernst, D, 2005, "Limits to Modularity: Rellections on Recent Developments in Chip Design " fndusty and fnnavaton
12(3): 303-35.

67 Favitt, K., 1999, Technology, Managerment and Systems of Innovation, Edward Elgar, Chellenham: p XX

68 See for nstance Brusoni, 5. 2003, "Authority in the Age of Modularity”, SPRU Electronic Working Paper Series. No.
101, The Freeman Centre, University of Sussex, June, and Tokumaru, Nono, 2004, "Cadilication o Technological
Knowledge, Technological Complexity, and Dwision of Innovaltive Labour™, in J.H. Finch and M. Omillard, eds., Com-
plexty and the Economy. Implications for Economic Pohcy, Edward Elgar,

£9. Chesbrough, HW.. 2003, “Towards a Dynamics of Madularity. A Cyclical Model of Technical Advance”, in. Prencipe,
A, A Davies and M Hobday, eds, The Business of Systemns Integration, Crdord  Owdord University Press
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Chip design provides an important example of the tight limits to interface standar-
dization. Based on standard interfaces and design rules, the division of labor used
to be reascnably simple during much of the 1990s. The resulting separation of chip
design and fabrication has been one of the faverite examples of modularization pro-
ponents. Engineers designed chips and handed the definition to the mask makers,
whoe then sent the masks to the wafer manufacturers (the silicon foundries). And
(most of the time, at least) the result of having this modular division of labor was a
chip that could be manufactured at an acceptable yield.

However, this easy phase of modularization of the semiconductor industry has
vanished for good. As process technology has dramatically increased in complexity,
intense interactions are required across all stages of the semiconductor value chain,
and it is no longer possible to work with entrenched standard interfaces and design
rules. All participants in the semiconductor industry know that they need to find a way
to organize collective and integrated sclutions. They also know that uncertainty makes
this extremely difficult, as does the fact that the industry is now vertically specialized™.

Why Modular Global Networks may Impede Innovation

The Taiwanese PC industry provides an example where participation in GPNs and GINs
has impeded rather than fostered their innovation capacity. In a recent still unpublished
paper, Tain-Jy Chen and Ying-Hua Ku highlight two pitfalls of modular production in
global networks: an unequal power structure and fragile inter-firm refations™.

Power Structure

According to Chen and Ku, network flagships seek to incorporate new technologies
in such a way that the power structure of the system is maintained. In the PC indus-
try, “the architecture is controlled by two dominant component suppliers rather than
branded companies or manufacturers, intel and Microsoft reap most of the rents of
the modular systermn, which, in turn, allow them to invest in new technologies to main-
tain the system. They continucusly invent new components to upgrade the power of
the architecture. However, their inventions mostly belong to cumulative innovations
rather than disruptive innovations. The architecture itself is a barrier to disruptive in-
novations as such innovations may lead to a loss of coordination power embedded
within the architecture.” (Chen and Ku: p.6)

70 Recently, however, attermpls to avoid being trapped by prematurely frozen design parameters have led to new ap-
proaches 1o improve the tlexibdtity of SoC design, for instance, through reconfigurable processors. But it remains 1o
b seen how viable these new approaches will be.

71. Chen, Tain-ly and Ying-Hua Ku, "Pitfalls of Modular Production: The case of Taiwan's PC indusiry, unpublished
paper, Department of Economics, National Taiwan University, Taipei: 36 pages.
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Inter-firm Relations

Because of the openness and low entry barriers of modular networks, Chen and
Ku argue that relational assets embedded in a modular system are very fragile. Ac-
cording 1o Dyer and Singh (1998}, when components can be designed in isclation,
information sharing becomes unnecessary and, therefore, the value of relational as-
sets evaporates™. In a modutar system, there is thus little relation-specific knowledge
to be accumulated. As a result, “it may even be more advantageous to collabarate
with non-network members in making innovaticns because such innovations are not
subject to the constraints of the architecture. Furthermore, the extra-network innova-
tions may be more valuable to network members because they are free from rent-
extraction by flagship companies. Expressed metapharically, a modular system is
conducive to 'extra-marital’ affairs.” {Chen and Ku: pages 6 and 7}

In short, limits to modularity provide powerful arguments for skepticism that par-
ticipation in medular global networks will automatically enhance the innovation ca-
pacity of global netwerk participants. An important insight of the above research is
that the deeper a region is integrated into giobal networks, the more important are
policies to strengihen local networks. Public policies are required in order to enhan-
ce the capacity of companies within a region to reap the hidden potential gains for
innovation from global network integration. Some of the policy issues raised by this
analysis are addressed in the last part of the paper.

Part Four - Policy Implications

Based on the paper’s analysis of the dynamics of global innovation networks and the
gains for innovation from trade and giobal network integration, what policy options
are available for upgrading a region’s innovation capacity?

First and foremost, it is necessary toc acknowledge that, while integration into GINs
can accelerate the development of the region's innavation capabilities, it can also act
as a Poisoned Chalice. In order to avoid being marginalized in these global networks,
policies need to be in place to address unintended negative consequences of global
network integration. For instance, foreign affiiates may succeed in recruiting the best
talent, leaving domestic companies at the sidelines. In addition, foreign affiliates may
be interested primarily in “tapping into the local knowledge base” when they invest
in R&D labs in the region, which may ercde the region's “Industrial Commonsg”*.
Furthermore, policies need to be in place to counter significant challenges to Privacy
and Cyber-Security.

72 Dyer, JH and H Singh, 1998, "The Relational View: Cooperatwe Strategy and Sources of Inter-organizational Comi-
pelitive Advanlage”, Academy of Managemert Review, 23(4) 660-670.

73 As analyzed in Pisano, G. and W Shih, 2012, Producing Prospenty: Why Amenca Needs a Manufactusng Renars-
sance. Boston, MA: Harvard Business Review Press.
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Second, it is important to emphasize the systemic nature of policy responses.
In order to strengthen a region's Absorptive Capaciy, it is necessary to coordinate
regional policies with trade, FDI and innovation policies. These policies need to be
broad-based, and should encompass regulations; investment promotion; R&D tax
credits; industrial support policies to foster firm-level managerial and technological
capabilities; patient innovation finance; standard development and certification; in-
dustrial collective research consortia; industrial associations and research centers;
university-industry collaborations; and trade diplomacy.

Systemic policy responses are particularly important if the objective is to foster
radical innovations. As described in Part Three, radical innovation are beyond the
reach of most companies. Radical innovations thus require public-private consortia
coordinated by a regional government in coordination with the central government.
Figure 8 highlights an example of a private-public consortium that originated from the
US Advanced Manufacturing Partnership program (AMP}, the National Additive Ma-
nufacturing Innovation Institute in Youngstown/Ohio, established as part of a planned
US National Network of Manufacturing Innovation Institutes (NNMIIs)™.

Figure 8

Source: AMP Steenna Commites

Third, flexible policy implementation is critical. A broad portfolic of diverse policy
approaches is required to enable regions to increase the gains from global network
integration. The mix of policies will differ across sectors, sub-sectors and sub- re-
gions. And the approprniate pelicy mix will have to evolve over time,

74, Han, DM, 3.J. Ezell, R D Atanson, 2012, “Why America Needs A National Metwork for Manulactuning Innovation”,
PHp:/fwww2.abd.org/201 2-national -network-manufaciunng-innovalion. pal

179


http://www2.itif.org/2012-national-network-manufacturing-innovation.pdf

Stedra Exteaordinaria México-China

Europe’s current eighth Framework Program, the so-called Horizon 2020 pre-
gram , provides a new policy approach, called *Smart Specialization” that may pro-
vide guidance for greater flexibility in policy implementation. In essence, the concept
of “Smart Specialization” seeks to develop a mare bottom-up approach to industrial
policy that focuses on 'entrepreneurial discovery’ - an interactive process in which
market forces and the private sector are expected to discover and produce informa-
tion about new activities and the government assesses the outcomes and empowers
those actors most capable of realizing the potential™.

In essence, the concept of "smar specialization” seeks to transform industrial
policy into an “interactive process": “Prioritisation is no fonger the exclusive role of
the state planner (top down) but involves an interactive praocess in which the private
sector is discovering and producing information about new activities and the gover-
nment provides conditions for the search to happen, assesses potential and em-
powers those actors most capable of realfizing the potentials. But entrepreneurship in
the knowledge economy recogrises that value added 1s also generated outside sole
ownership, in spiffovers, in networks of complementarity and comparative advantage.”
(OECD, 2013:p.1B)

In short, the focus of public policy shifts from the selection of priority sectors and
areas for public investment to the facifitation of the joint process of discovery {"e.q.,
by providing incentives, removing regulatory constraints” (OECD, 2013: p. 20).

Fourth, it is important to find ways to neutralize the ¢onstraints for regional inno-
vation policy that result from reduced national budgetary support due to austerity po-
licies. As emphasized in the TNO paper on Brainport Eindhoven by Frans A van der
Zee, " .. [alnimportant challenge is to overcome existing barriers to really innovate. ..
[by]... increasing public investment in the Brainport region. This especially applies to
boosting public R&D expenditure.”®

In a situation characterized by low demand, falling tax revenue, and fiscal pres-
sures to reduce budget deficits and the national debt, the concept of “Smart Specia-
lization” claims to provide "...a novel avenue (¢ pursue the dual cbjectives of fiscal
constraint and investment in longer-term growth ... through innovation."(OECD,
2013: p.23) Yet, there is reason 1o be skeptical whether such expectations are more
than just pipedreams.

in fact, the afore-mentioned Brainport report by TNO demonstrates negative
effects of budget cuts at the national level: “The decision at national level to stop re-

75, OECD. 2013, innovation-diiven Growth in Regions: The Rofe of Smart Specialisation. Prefiminary Version, OECD, Par-
15, It 1% interesbing to nofe a certain similarity of the Smart Specialization wdea with concepts used by the U.S. Defense
Advanced Research Projects Agency (DARPA). See Jordan, L.S. and K. Koinig, 2014, Flexible implementation; A Key
to Asia's Transformation, East-West Center Policy Studies series, No.70, March In addition, much of the underlying
philosophy seems to draw quite extansively on Albert 0. Hirschman's early altermnpt to place private business owners
al the canter of information gatharing and strategy dasign. {Sea Hirschman, A G, 1958, The Swrategy of Economic
Development, New Haven, Conn - Yale University Press.)

76 wvander Zes, FA, no date, Case 4 - Netherfands, Brainpont Eindhoven, "Top Technology ragion Spreading its Wings '
TNO : page 3.
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gicnat development support by abolishing the 'Peaks in the Delta’ (PiD)-programme
brings important challenges for the funding (matching) and the scope of future acti-
vities, which not only affect regional develcpment programmes, but also the regional
development agencies such as the BOM in North-Brabant and LIOF in Limburg.”
{van der Zee, n.d.; page 3}

Fifth, an important unresolved policy issue is that the Advanced Manutfacturing te-
chnologies described in Part One of the paper, provide much less direct employment
effects than the current manufacturing model. Empirical research demonstrates that
ICT and other enabling and emerging techneologies reduce direct labor requirerments
of manufacturing’. For the US, Pisano and Shih find:* Manufacturing now accounts
for only about one in ten American jobs. With increasing productivity,. . .it is hard to
imagine how manufacturing could ever return to the days when it employed about a
guarter of the US workforce. "™

In the US, recent research has identified the following mechanisms for creating
quality spiffover employment effects of advanced manufacturing:

a. by integrating manufacturing, services and innavation™. Manufacturing ser-
vices proliferate and are an important scurce for quality jobs. Successful firms
thus can use transformative technologies to provide packaged solutions.

b. in downstream and upstream industries

c. in smart digital infrastructure platforms®.

Sixth, in Ewrope like in the US the debate about inequalities is heating up, at
two levels: geocgraphical (rich versus poor regions) and individual (those included
in prosperous developments and those being marginalized). Especially the rich -
poor regions issue is impertant in view of how best 1o spend a significant amount
of regicnal investment money in less developed regions. in short, regional policy is
confronted again with the perennial question raised in the earlier debate between
Ragnar Nurkse and Albert O. Hirschman about the trade-offs between balanced and
unbalanced growth®'.

Hirschman's concept of "Develepment as a Chain of Disequilibria” highlights the
importance of s strategy that seeks to create a "success breeds success” scenario.
In addition, a simple Stylized Model demonstrates why regions may differ in their
capacity to reap the gains from trade for innovation,

77. Shipp. 5.5 etal 2012, Report on Emerging Global Trend's in Advanced Manufactuning, Institute for Defense Analyses-
Science Technology Policy Institute {IDA-STPI), Washingtan, D.C.

78, Fisanc, G and W Shih, 2012, Producing Prosperity Why Amernica Needs a Manufacturing Renaissance, Harvard Busi-
ress School Press

79. Natonal Academy of Engineering, 2012. Making Value: Integrating Manufacturing, Design and innovation, The na-
lional Acadernies Press, Washington, 0.C.

80. Smart industrial infrastructure platforms which create qualty jobs rmay include tor instance: broadband enabled new
apphcations {2.g . cloud compuling), 4G wirelass communications; integrated health infarmation systems; Smart
electric grids; Low carbon energy information systems; Intelligent transportation systems; Motile payments systems:
and Mobile Collaborative Leamning Systers. Atkinson, R, and 8. Ezell, 2012, fnnovation Economics. The Race for
Giobal Advantage, Yale University Press.

B1. Nurkse, Ragnar {1961). Problems of Capital Formation in Underdeveloped Countries. New York: Oxford University
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Suppose Region A (the “innovator”) possesses all the necessary prerequisites
for reaping the gains from trade for innovation, as described in this paper. Region B,
on the other hand is a relative latecomer. Region B thus lags behind Region A in the
strength of its institutions and policies, its market size and sophistication, and the
managerial and technological capabilities of its firms. As a result, Region B will also
occupy a lower-tier position in global networks, and hence will be in a much weaker
position than Region A to reap the gains from trade for innovation.
For policy-making, this raises two questions:
+ Under these conditions, what wouid need to happen so that Region B can
gradually catch up with Region A?

= What kind of linkage effects between Region A and Region B would need to be
in place so that conditions are ripe for a “success breeds success” scenario
where productivity-enhancing innovation in Region A produces positive spill-
over effects in region B7

Seventh, another unresolved policy issue relates tc important changes in Interna-
tional Trade rules. Regions face a fundamental dilemma.: in arder to reap the benefits
of GPN/GIN integration, both the central government and the regionat governments
need to put in place robust and increasingly sophisticated innovation and industrial
policies. In the future, these policies need to address the following issues:

* |Is the scope for such policies being enhanced or constrained by increas-
ingly strict trade rules as part of plurilateral and mega-regional trade agree-
ments? [TTIP;TPP; ITA; TISA]

* The spread of GPNs/GINs has increased the role of business services.
There is increasing pressure to move beyond GATS and to develop a much
more demanding Trade in Services Agreement (TISA) that would impose
much greater discipline on national and regional industrial and innovation
policies.

= Wil TTIP establish “Investor-State Dispute Settlement” to replace the WTO
State-to-State Dispute Settlement Mechanism, and how will this affect the
scope for national and regicnal industrial and innovation policies?®?

Eighth, a final thought: As emphasized in the above TNO Brainport report, upgra-
ding and scaling up in a region “... implies locking beyond borders” (van der Zee,
n.d.: p.5). The TNQ report focuses on inter-regional collaberation, “especially in R&D
and innovation, with IMEC and Holst Centre as best practice examples.”

But, as we have seen, regions around the globe are progressively integrated
across national borders into global networks of praoduction and innovation. Brabant
is no different, and thus might find it useful to ask: Are there lessons to be learnt fram
the contrasting experiences in other countries?

82. Some observers claim for instance thal, as part ol TTIP busmesses might now be in a position to sbe governments in
special Aibitration Panels (e.g. the International Cenlee for Settlemnent of Invesimeni Disputes [ICSID)) for legislation
that businessas considers nol 1o be ™air and equitable treatment”.
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+ The US innovation system is strong for start-ups that are in their early stages of
development. But it fails to provide incentives & support for scaling-up innava-
tion {("The American company stands alone™?)

« Taiwan (Low-cost & fast innovation in manufacturing services, Multi-layered
industrial dialogues)

+ China (Massive investments in the country's R&D infrastructure and Higher
Education have been fast-tracking the speed of learning and capability devel-
opment; low-cost up-scaling of manutacturing).

83. Berger, S, 2013, "Lessons in Scaling from Abroad: Germany and China®, in 8. Barger, Making in America. From
Innovation to Marke! (Cambridge, MA: The MIT Press).
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